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Abstract
Hereditary pancreatitis is an autosomal dominant condition,
which results in recurrent attacks of acute pancreatitis,
progressing to chronic pancreatitis often at a young age.
The majority of patients with hereditary pancreatitis express
one of two mutations (R122H or N29I) in the cationic
trypsinogen gene (PRSS1 gene). It has been hypothesised
that one of these mutations, the R122H mutation causes
pancreatitis by altering a trypsin recognition site so
preventing deactivation of trypsin within the pancreas and
prolonging its action, resulting in autodigestion. Families with
these two mutations have been identified in many countries
and there are also other rarer mutations, which have also
been linked to hereditary pancreatitis.
Patients with hereditary pancreatitis present in the same
way as those with sporadic pancreatitis but at an earlier
age. It is common for patients to remain undiagnosed for
many years, particularly if they present with non-specific
symptoms. Hereditary pancreatitis should always be
considered in patients who present with recurrent pancreatitis
with a family history of pancreatic disease. If patients with
the 2 common mutations are compared, those with the
R122H mutation are more likely to present at a younger age
and are more likely to require surgical intervention than those
with N29I. Hereditary pancreatitis carries a 40 % lifetime
risk of pancreatic cancer with those patients aged between
50 to 70 being most at risk in whom screening tests may
become important.
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INTRODUCTION
Hereditary pancreatitis (HP) is an autosomal dominant
condition characterised by recurrent attacks of acute
pancreatitis and progressing to the development of chronic
pancreatitis over a variable period of time. Symptoms usually
begin in childhood or adolescence and with time, exocrine and/
or endocrine insufficiency may develop. The clinical spectrum
of hereditary pancreatitis was first reported in 1952 [1].
Mutations causing HP have been identified in the PRSS1 gene
which encodes cationic trypsinogen[2-4]. This article discusses
the genetics of HP, its pathophysiology and clinical spectrum.
THE GENETICS OF HEREDITARY PANCREATITIS
HP is an autosomal dominant condition with 80 % penetrance.
The specific mutations responsible for HP were identified in
1996 when it was confirmed that the hereditary pancreatitis

gene could be mapped to chromosome 7q35[5,6]. Whitcomb et
al demonstrated that a mutation in these patients existed in the
third exon of the cationic trypsinogen gene (PRSS1)[7]. This
mutation, a guanine (G) to adenine (A) transition, alters
arganine (CGC) to histidine (CAC) at codon 117 (using the
chymotrypsin numbering system) and was originally known
as R117H. This first mutation is easily identified because it
creates a novel recognition site for the restriction endonuclease
AflIII. More recently, it has been shown that a neutral
polymorphism within this enzyme recognition site may
produce a false negative result[8]. A second mutation in the
cationic trypsinogen gene was subsequently discovered, which
was found to be a single A to thiamine (T) transversion mutation
in exon 2 resulting in an asparagine (ACC) to isoleucine (ATC)
substitution at amino acid 21[3]. These two mutations (R117H
and N21I) have now been identified in families with hereditary
pancreatitis from many countries including France [4],
Germany[9], United Kingdom[10], Japan[11] and the USA[3,7]. A
further mutation, which appears to be much less common, is
the A16V mutation, which was originally identified in three
patients with idiopathic pancreatitis and in one patient with
HP[12]. There is also evidence that mutations in genes other
than the cationic trypsinogen gene might be associated with
HP[13]. Since the discovery of the cationic trypsinogen gene
mutations, a new nomenclature system for human gene
mutations has been devised and accepted. This has changed
the names of the common mutations from R117H to R122H
and N21I to N29I[14].

PATHOPHYSIOLOGY
The mechanism by which mutations of the cationic trypsinogen
gene cause hereditary pancreatitis is important for several
reasons. Firstly, the cellular mechanisms of acute pancreatitis
and progression to chronic pancreatitis are poorly understood.
Secondly it is not known why the pancreas of one individual
is susceptible to alcohol whilst the pancreas of another is not.
Thirdly, focusing on the link between genetics and pancreatitis
might provide a clue to the etiology of pancreatic cancer which
can occur as a complication in sporadic and hereditary pancreatitis.
Trypsinogen is secreted by the pancreatic acinar cell[15]. It
is activated to trypsin within the duodenum by enterokinase,
which cleaves an 8-aminoacid N-terminal peptide. Trypsin then
activates a cascade of digestive enzyme precursors. A number
of mechanisms exist to prevent inappropriate activation of
trypsin within the pancreas before its secretion into the
duodenum. It is hypothesised that the R122H mutation alters
a trypsin recognition site, which would prevent deactivation
of trypsin within the pancreas, thus prolonging its action[2].
The mechanism whereby the N29I mutation causes pancreatitis
is unclear. It has been speculated, however, that the N29I
mutation would enhance autoactivation of trypsinogen, altering
the binding of pancreatic secretory trypsin inhibitor (PSTI)[3]
or impairing trypsin inactivation by altering the accessibility
of the initial hydrolysis site to trypsin. Predicted molecular
conformational changes in the structure of trypsin support
this [16] . The pathogenic mechanism whereby the A16V
mutation causes pancreatitis is speculative but it is thought to
alter the cleavage site of the signal peptide[12]. Because the two
common mutations, R122H and N29I produce such a similar
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clinical picture, it has been speculated that these mutations,
rather than being the cause of hereditary pancreatitis, simply
represent markers for a number of linked pancreatic defects.
There appears no doubt, however, that inappropriate prevention
of the deactivation of trypsin within the pancreas is responsible
for HP in the majority of cases.
The penetrance of cationic trypsinogen gene mutations
remains at approximately 80 % in the majority of studies. To
investigate factors contributing to this, a study of monozygotic
twins with HP was carried out[17]. Of 11 sets of twins, seven
were suitable for this study. Whereas four of these seven sets
were concordant for pancreatitis, three of the seven sets of
twins (43 %) were discordant for phenotypic expression of
pancreatitis. The overall penetrance in the seven pairs of twins
was 78 %. The conclusion from this study was that genetic
and/or environmental factors contribute to the expression and
age of onset of HP. As yet the mechanism of non-penetrance
remains unclear.

CLINICAL PRESENTATION IN HEREDITARY PANCREATITIS
The initial presentation of a patient with HP is usually
indistinguishable from a case of sporadic pancreatitis. The
clinical presentation is variable but typical patients present with
recurrent attacks of acute pancreatitis in childhood, progressing
to chronic pancreatitis with time[1,18]. The presentation during
an acute attack is identical to an attack of gallstone-induced,
alcoholic or idiopathic, acute pancreatitis. The presentation of
chr on ic p an cr eatitis in th ese patients is lik ewise
indistinguishable from alcoholic, idiopathic or other forms of
chronic pancreatitis[18-20]. Pediatric patients with HP have a similar
presentation to idiopathic juvenile chronic pancreatitis[21]. It is
however very common for these patients to remain undiagnosed
for many years having often suffered from chronic symptoms
since childhood. We have found that recognition of the disease
within a family often results in several relatives being newly
diagnosed with pancreatitis whereas previously they had been
labelled as “peptic ulcer” or “chronic abdominal pain”. In
Newcastle upon Tyne, UK, the pancreatic clinic now has
individuals belonging to thirteen families with hereditary
pancreatitis. Data on nine of these families has been previously
published[10]. The R122H (R117H) mutation was identified in
three families and the N29I (N21I) mutation was demonstrated
in a further five families. In a remaining family, no mutations
were demonstrated in any of the five exons of the PRSS1 gene.
The families and patients belonging to the R122H group were
compared with those belonging to the N29I group. Comparison
of clinical details including complications of pancreatitis was
carried out. The mean age at onset of symptoms of pancreatitis
was lower in the R122H group at 8.4 vs 6.5 years, (P=0.007)
and more patients with the R122H mutation had developed
symptoms by the age of 20 years (89 vs 64 %). More patients
with the R122H mutation required surgical intervention (8 of
12 vs 4 of 17, P=0.029) and this occurred at an earlier age.
There was also a tendency for more patients with the R122H
mutation to develop exocrine failure but the incidence and age
of onset of endocrine failure (as measured by the development
of insulin dependent diabetes mellitus) was similar in both
groups. Patients in both groups identified alcohol as a
provoking factor for the symptoms. These observations were
also noted in the original description of the N21I mutation in
1997[3] and have also been noted by the European Registry of
Hereditary Pancreatitis and Pancreatic Cancer (EUROPAC)[22].
It is also clear that as well as hereditary pancreatitis being
identical to other forms of pancreatitis in terms of the mode of
clinical presentation, radiological and histopathological
features are also identical[23]. Apart from earlier onset and delay
in diagnosis, hereditary pancreatitis has been found to have a
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natural history similar to that of chronic alcoholic pancreatitis
in terms of a similar prevalence of pancreatic calcification, a
similar amount of pancreatic insufficiency both endocrine and
exocrine but a higher prevalence of pseudocysts[24].

CATIONIC TRYPSINOGEN GENE MUTATIONS IN NONHEREDITARY PANCREATITIS
Taking a family history is very important in all patients with
pancreatitis because the majority of patients with cationic
trypsinogen gene mutations have a clear cut family history of
pancreatitis. It is, however, common for patients to be referred
to a pancreatic specialist with so-called idiopathic pancreatitis
without a reliable family history having been obtained[25]. It
has also been considered whether idiopathic chronic
pancreatitis might be due to PRSS1 gene mutations. An
investigation of patients with chronic alcoholic pancreatitis
showed no evidence of the R122H or N29I mutation in 21
patients[26] but a much larger and important study investigated
221 patients with idiopathic chronic pancreatitis and no family
history. The entire PRSS1 gene was sequenced in these patients.
Only three patients had mutations, one with R122H and two
patients with A16V[27]. A genetic background has also been
investigated in patients with idiopathic juvenile chronic
pancreatitis, a disease which closely mimics the clinical pattern
of hereditary pancreatitis[28]. The R122H mutation was detected
in one patient with idiopathic juvenile chronic pancreatitis and
the A16V mutation was also found in one patient. It is clear
from these studies that new mutations do occur and that
screening of individuals with idiopathic pancreatitis for cationic
trypsinogen gene mutations is worthwhile. It is, therefore, our
policy in patients with idiopathic pancreatitis, after exclusion
of other causes, to perform genetic counselling and genetic
testing. We have found that patients are keen to know their
genetic status in relation to this disease.
RISK OF CANCER IN HEREDITARY PANCREATITIS
Sporadic chronic pancreatitis carries a significantly increased
risk of pancreatic cancer. This has been clearly demonstrated by
a multi-centre historical cohort study of over 2000 patients[29].
The standardized incidence ratio, i.e. the ratio of observed to
expected pancreatic cancers was 16.5. This study may have
been subject to detection bias in that increased surveillance of
chronic pancreatitis patients may have increased the number
of cancers diagnosed compared with the general population.
A study of Swedish patients, however, confirmed an increased
risk of pancreatic cancer in sporadic chronic pancreatitis but
with a standardised incidence ratio of 3.8[30]. Patients with HP
have not been included in either of these studies but have since
been examined for the risk of developing pancreatic cancer by
the International Hereditary Pancreatitis Study Group. A cohort
of 246 patients with hereditary pancreatitis was identified from
ten countries with a mean follow-up period of over 14 years[31].
Eight patients with pancreatic adenocarcinoma were identified
yielding a standardized incidence ratio of 53.3. The estimated
cumulative risk of pancreatic cancer developing in these
patients was nearly 40 % and was greater for patients with a
paternal inheritance pattern. These figures have been confirmed
by the Midwest Multicentre Pancreatic Study Group[32]. The
conclusions from these cancer studies are that, firstly chronic
pancreatitis is a risk factor for pancreatic cancer and secondly
hereditary pancreatitis puts patients at an even higher risk of
developing cancer than the sporadic disease. Although it is
not absolutely clear whether the risk of cancer is due to
prolonged inflammatory change or whether it is related to the
presence of a cationic trypsinogen mutation per se, the evidence
available at present indicates that those patients with HP who
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develop cancer, are those with a prolonged history of chronic
pancreatitis[32]. The number of cancers, which have developed
in HP patients have so far not allowed an investigation into
which mutation (s) might predispose to cancer more than
another. This data, however, will be available with time. A
study of pancreatic tissue from 34 patients with sporadic ductal
adenocarcinoma has shown no specific relationship between
the R122H mutation and pancreatic cancer[33]. Further such
studies are expected as tissue from patients with hereditary
pancreatitis becomes available for analysis.

MANAGEMENT DILEMMAS IN HEREDITARY PANCREATITIS
When faced with a patient or a family with a possible diagnosis
of HP, three questions are commonly asked. Firstly, what can
be done about the patient with pancreatitis? Secondly, are other
relatives likely to be affected? Thirdly, what can be done to
reduce the risk of cancer?
Management of the pancreatitis
There are no specific medical therapies recommended in
patients with HP. The management of acute attacks of
pancreatitis are the same as for the sporadic disease that is,
rehydration, analgesia and careful monitoring. Severe
necrotising pancreatitis is rare in HP but pseudocysts seem to
be relatively common. It has been suggested that antioxidant
therapy may be helpful to prevent acute attacks but there is no
evidence to support this and it is not recommended. Chronic
pancreatitis should be treated as for any other patients. Enzyme
supplements are likely to be required and analgesics as
necessary. If diabetes mellitus occurs it is likely to require
insulin therapy. Surgical treatment is for complications such
as pseudocyst, biliary obstruction or duodenal obstruction. In
older patients requiring surgery, a total pancreatectomy should
be considered in order to abolish the cancer risk (see below).
Genetic counselling of relatives
Relatives should be told that although the majority of HP cases
are revealed by the age of 18, the disease may not manifest
itself until the age of 30 or older. In these unaffected
individuals, genetic testing confers no advantage and should
be discouraged. Since unaffected (non-carrier) individuals and
unaffected carriers do not have pancreatitis, they carry no
increased risk of developing cancer.
Screening of hereditary pancreatitis patients for cancer
Since patients with this disease exhibit a 53-fold increased risk
of pancreatic cancer with a cumulative risk of 40 % by the age
of 70, an attempt at screening would appear to be essential.
Unfortunately, no adequate screening test exists. The
measurement of tumor markers, endoscopic techniques and
radiological imaging lack the sensitivity and specificity for
early diagnosis. Tumors are particularly difficult to detect on
a background of chronic pancreatitis. It is thought therefore
that molecular based strategies are likely to offer the best
opportunities for the screening of these high risk patients for
pancreatic ductal adenocarcinoma[34]. It has been suggested that
the banking of blood and pancreatic juice samples should be
mandatory in any screening protocol and that imaging of the
pancreas should be carried out by endoscopic ultrasound[35].
One such protocol for the secondary screening of patients with
HP has been established by EUROPAC (European Registry
of Hereditary Pancreatitis and Pancreatic Cancer). As part of a
research programm only, affected individuals over the age of
30 are offered imaging by CT and endoscopic ultrasound
(EUS), followed after genetic counselling, by genetic analysis
of pancreatic juice obtained at ERCP for K-ras mutations.
Patients negative for K-ras continue with repeat screening at
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3 yearly intervals by CT, EUS and K-ras analysis of pancreatic
juice. Patients who are K-ras positive undergo further genetic
analysis in the form of p53, p16 and aberrant methylation. If
positive, these patients may be at risk of pancreatic ductal
carcinoma and an attempt should be made to obtain cells for
cytology by ERCP brushing of the pancreatic duct. The ultimate
preventative measure in these patients would be a total
pancreatectomy but this is a relatively high morbidity operation
with the certainty of becoming diabetic. Certainly any patient
with HP aged 30 or over, who requires surgery for relief of
symptoms should undergo a total pancreatectomy in order to
abolish the cancer risk rather than a lesser procedure. This is
not, however, appropriate in patients who are well unless there
is clear evidence that they possess cellular atypia or a focal
abnormality suspicious of cancer.

CONCLUSIONS
Hereditary pancreatitis is a fascinating condition which has
provided new insights into the pathophysiology of pancreatitis.
There are however many unanswered questions particularly
in relation to the ways in which these mutations relate to
pancreatitis and cancer. Management of these patients should
be carried out by a team of experienced pancreatic specialists
who are also able to provide genetic counselling. Registration
of patients with one of the large Hereditary Pancreatitis
Registries is essential if management strategies are to be
improved and genetic research to be continued.
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Abstract
AIM: To design a hammerhead ribozyme targeting human
telomerase reverse transcriptase (hTERT) and clone it’s gene
for future use in the study of tumor gene therapy.
METHODS: Using the software RNAstructure, the secondary
structure of hTERT mRNA was predicted and the cleavage
site of ribozyme was selected. A hammerhead ribozyme
targeting this site was designed and bimolecular fold between
the ribozyme and hTERT was predicted. The DNA encoding
the ribozyme was synthesized and cloned into pGEMEX-1
and the sequence of the ribozyme gene was confirmed by
DNA sequencing.
RESULTS: Triplet GUC at 1742 of hTERT mRNA was chosen
as the cleavage site of the ribozyme. The designed ribozyme
was comprised of 22nt catalytic core and 17nt flanking
sequence. Computer-aided prediction suggested that the
ribozyme and hTERT mRNA could cofold into a proper
conformation. Endonuclease restriction and DNA sequencing
confirmed the correct insertion of the ribozyme gene into
the vector pGEMEX-1.
CONCLUSION: This fundamental work of successful
designing and cloning of an anti-hTERT hammerhead
ribozyme has paved the way for further study of inhibiting
tumor cell growth by cleaving hTERT mRNA with ribozyme.
Hao ZM, Luo JY, Cheng J, Wang QY, Yang GX. Design of a
ribozyme targeting human telomerase reverse transcriptase
and cloning of it’s gene.World J Gastroenterol 2003; 9(1):
104-107
http://www.wjgnet.com/1007-9327/9/104.htm

INTRODUCTION
Telomeres form the ends of eukaryotic chromosomes
consisting of an array of tandem repeats of the hexanucleotide
5’-TTAGGG-3’. Their functions are protecting the ends of
chromosomes against exonucleases and ligase, preventing the
activation of DNA-damage checkpoints, and countering the
loss of terminal DNA segments that occur during linear DNA
is replicated[1,2]. Telomerase, a ribonucleoprotein enzyme, add

the hexanucleotides to the ends of replicating chromosomes[3].
It is believed that telomerase plays a crucial role in cellular
senescence and immortalization[3-5]. Telomerase is strongly
repressed in most human somatic cells, and telomeres shorten
progressively with each cell division [6]. Most cancer cells
express telomerase activity[3,6-9]. The restoration of telomerase
activity is considered to immortalize cells and to be an
important step in carcinogenesis. Inhibition of telomerase can
lead to telomere shorting and tumor cell death. Thus, specific
inhibition of human telomerase is suggested to be an efficient
means of tumor therapy. Nowadays, a limited number of means
can be used experimentally to inhibit the activity of human
telomerase including chemical agents [10] , antisence
oligonucleotide[11,12], peptide nucleic acid[13], and ribozyme[14-16].
Telomerase is composed of at least three subunits[17]. The RNA
subunit and the catalytic subunit are the essential components
for telomerase activity[18]. The RNA subunit of telomerase
serves as the template for addition of short sequence repeats to
the chromosome 3’ends[19]. And the catalytic subunit, telomerase
reverse transcriptase (TERT), is the most important component
in telomerase complex which is responsible of catalytic activity
of telomerase. The expression of TERT correlates with the
presence of telomerase activity[20].These studies suggest that
hTERT is a good target for cancer gene therapy.
Ribozymes are sis- or trans-acting, sequence-specific
catalytic RNA molecules. Based on the studies about natural
ribozymes, we can design site-specific trans-acting ribozymes
to suppress the expression of genes by recognize and splice
the mRNA. Hammerhead ribozyme and hairpin ribozyme are
intensively studied because of their simple structures and dual
activity of splicing as well as blocking[21]. Ribozymes may
surpass the efficiency of the antisence oligonucleotide and are
considered a promising means of gene therapy[22,23]. In this
study, we designed a hammerhead ribozyme targeting hTERT
and cloned the gene encoding the ribozyme for future study of
this ribozyme in the treatment of malignancies.

MATERIALS AND METHODS
Materials
Plasmid vector pGEMEX-1, X-gal and IPTG were Promega
products. T4 DNA ligase, Klenow fragment and restriction
endonucleases used in this study were purchased from SinoAmerica Biotechnology Co.
Design of the hammerhead ribozyme
Using the software RNAstructure 3.6 (mFOLD for windows
version), the full-length telomerase mRNA (GenBank
NM003219) was analyzed and the second structure of
telomerase mRNA was predicted. Since trans-acting
hammerhead ribozymes preferentially recognize and cleave
the GUC sequence, all the fragments containing GUC were
candidate target sequences for ribozyme binding and cleavage.
Considering the predicted local conformation near the GUC
triplets and the nucleotide sequences flanking the GUCs, triplet
GUC located at 1 742 of the hTERT mRNA was chosen as the
target site of ribozyme. According to the rules of hammerhead
ribozyme design suggested by Haseloff et al[24], the ribozyme

Hao ZM et al. Design & cloning of an anti-hTERT ribozyme

was primarily designed. Then, bimolecular fold between the
ribozyme and substrate RNA was predicted and modification
of the ribozyme sequence was made according to the prediction
to improve the binding between the ribozyme and the substrate.
The hammerhead ribozyme designed was comprised of 39
nucleotides, including 22nt catalytic core and 17nt (5’7nt and
3’10nt) flanking antisence sequence. The sequence is 5’TCTCCGTCTGATGAGTCCGTGAGGACGAAACATAAAAGA3’ (The underlined are nucleotides complementary to the
substrate).

Synthesis of the ribozyme gene
DNA synthesis was carried out by Shanghai Sangon
Biotechnology Co. LTD. with 3 900 DNA autosynthesis
instrument. The primers used for the ribozyme were as follows:
5’-CCCAAGCTTCTCCGTCTGATGAGTCCGTGAGGACGAAAC-3’(strand A) and 5’GGAATTCATCGATAGATCTTTTATGTTTCGTCCTCA3’ (strand B). Twelve nucleotides from the 3’ends of the two
strands were complementary to each other. A HindIII restriction
site was introduced into the 5’ end of strand A. And restriction
sites of BglII, ClaIand EcoRIwere introduced into the 5’ end of
strand B. Equal molecule of the two strands were mixed and
annealed to form a hemiduplex. The hemiduplex was extended
with Klenow fragment to form full duplexes. The reaction mixture
contained 50 mM Tris-HCl (pH 7.2),10 mM MgSO4, 0.1 mM
DTT, 0.4 mM dNTP mixture, 4 µg each of the two single strand
oligonucleotides, 20 U Klenow fragment in a final volume of 50
µl. The reaction was carried out at 37 for an hour. The reaction
mixture was extracted with phenol-chloroform and precipitated
with sodium acetate ethanol (The methods referred to Sambrook
et al[25]).
Cloning of ribozyme gene
The double strand DNA was digested with HindIIIand EcoRI.
The product was electrophoresed in 2 % agrose for purification
followed by electroelution in a dialysis bag for DNA recovery.
The recovered fragment was inserted into the HindIII/EcoRI
site of plasmid vector pGEMEX-1 with T4 DNA ligase. E.coli
JM109 was transformed with the recombinant plasmid and
cultured on a solid medium containing ampicillin, X-gal and
IPTG. Six white colonies were picked and plasmid was extracted
by alkaline lysis. The plasmid was digested by HindIII, NotI,
EcoRI,BglII, respectively. Endonuclease digests of plasmid DNA
were analyzed on 1 % agarose. DNA sequencing was carried out
to further confirm the inserted sequence of ribozyme gene (The
methods referred to Sambrook et al[25]).
RESULTS
Selection of cleavage site and design of the ribozyme
Aided by computer prediction of RNA secondary structure,
we selected the triplex GUC situated at 1 742 of the hTERT
mRNA as the cleavage site (Figure 1). The ribozyme could
co-fold with the substrate RNA to form a desired conformation
in computer-aided prediction (Figure 2).
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6 confirmed that the ribozyme gene was correctly inserted into
the vector pGEMEX-1. This recombinant was named pGEMEX1-RZ. The diagram of DNA sequencing is shown in Figure 5.
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Analysis of the transformants
Six white colonies were picked. All the plasmids were cleaved
into two fragments (1.0kb+3.0kb) by BglII. The plasmid from
colony number 6 was digested with HindIII,NotI and EcoRI
respectively. The plasmid DNA was linearized by HindIII or
EcoRI but not by NotI. This result suggested plasmid from
colony number 6 was a correct recombinant (Figure 3,4).
DNA sequencing
The DNA sequencing of the plasmid DNA from colony number
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Figure 3 Diagram of the cloning of the hammerhead ribozyme

106

ISSN 1007-9327

1

2

3

4

CN 14-1219/ R

5

6

World J Gastroenterol

7

Figure 4 Gel analysis of the plasmid containing the ribozyme
gene. Lane 1: 200 bp DNA ladder; lane 2: λDNA/HindIII
marker; lane 3: pGEMEX-1-RZ/BglII; lane 4: pGEMEX-1-RZ/
HindIII; lane 5: pGEMEX-1-RZ/EcoRI; lane 6: pGEMEX-1-RZ/
NotI; lane 7: pGEMEX-1-RZ

10

20

30

40

50

60

GTCTGATGAGTCCGTGAGGACCAAACATAAAAGATCTATCGATGAATTCCAAGCTTCT

Figure 5 DNA sequencing of ribozyme gene

DISCUSSION
A hammerhead ribozyme is composed of a 22nt or 23nt
catalytic core and the flanking complementary sequences. The
catalytic core determines the cleavage activity of the ribozyme.
And the nucleotide sequence of the catalytic core is conserved.
Whereas the flanking sequences determine the recognition
specificity of the ribozyme[24]. The catalytic mechanisms of
hammerhead ribozyme and related factors have been
intensively studied[26]. Hammerhead ribozyme can cleave the
triplet sequence NUH (N is anyone of A, U, C or G, and H
could be C, U or A), but the triplet GUC is most efficiently
cleaved [27]. The length of complementary sequence also
influences the catalytic activity. Short complementary sequence
will decrease the recognition specificity of the ribozyme and
the annealing between ribozyme and substrate. In contrary,
long complementary sequence will influence the dissociation
of ribozyme from the substrate and hence the turnover of the
ribozyme. Commonly, the proper length of each of the flanking
sequence is 6-8nt[28,29] although some studies suggested that
longer antisense flanking arms have higher intracellular
cleavage efficacy[30,31]. This opinion is also supported by the
estimation that stretches of 11-15 nucleotides define unique
sequences for cellular RNA[32]. It was reported that asymmetric
ribozymes (longer helixIII, shorter helixI) have higher cleavage
activity than symmetric ribozyme[33]. In this study, we designed
a asymmetric hammerhead ribozyme which had 7nt helixIand
10nt helixIII.
The premise of ribozyme cleavage is the base pairing
between flanking sequence of the ribozyme and the substrate
m R N A [34]. T h i s s t e p i s a k i n t o t h e a n t i s e n s e
oligodeoxyribonucleotides used for the same purpose. And the
base pairing is determined by the secondary structure of the
target site, Triplet NUH situated in a loop, protruding or linker
of the substrate is advantageous to the annealing between

January 15, 2003 Volume 9 Number 1

ribozyme and substrate and then the cleavage of the substrate
RNA by the ribozyme[35]. The selection of the cleavage sites is
most important in the design of ribozymes. Nowadays, two
approaches are available in the selection of the cleavage sites
of ribozymes. One approach is to use in vitro accessibility
assays. The other is to use theoretical prediction, that is,
computer-aided prediction. A number studies aimed to compare
the two approaches in their consistency have suggested that
theoretical prediction is positively correlate with the
intracellular accessibility of the target sites in mRNA[35-37]. So
we performed computer-aided analysis of the secondary
structure of the substrate RNA. mFOLD is a commonly used
software for RNA secondary structure[38], so we used mFOLD
to predict the secondary structure of hTERT mRNA previous
to designing the ribozyme. We choose 1742 GUC as the
cleavage site of ribozyme in total 57 triplet GUC in hTERT
mRNA. The reasons included: (1) 1 744 triplet RNA is located
in coding region of an essential motif of telomerase activity-T
motif, and T motif is unique to telomerase in all kinds of reverse
transcriptase[39]. (2) 1 742 triplet GUC is situated in a rather
large loop of the predicted secondary structure of telomerase
RNA where comparatively more unpaired bases are present
near the cleavage triplet. It was reported this kind of structure
was correlated with the hybridization accessibility for
hammerhead ribozymes[35]. (3) The sequence surrounding 1742
triplet GUC is rich of adenosine and uridine. It is reported that
for efficient catalytic turnover, the free energy of the ribozymesubstrate duplex should be less than -16 kal/mol, that is, higher
ratio of A+U will be advantageous to the annealing between
ribozyme and substrate[28]. Next, we performed a computeraided bimolecular fold prediction between the ribozyme and
the substrate and modified the complementary sequences until
the ribozyme and the substrate can co-fold into a correct
conformation in computer-aided prediction.
Commonly, cloning of short double-strand DNA is carried
out by synthesizing the full-length sense strand and antisense
strand, annealing and then inserting into a cloning vector. In
this study, both the sense strand and antisense strand
synthesized were partial of the ribozyme gene which were 12
nucleotides complementary to each other on the 3’ends. After
annealing to form a hemiduplex, the hemiduplex was extended
with Klenow fragment to obtain full-length double-strand
DNA. The reliability of this method is proven by the present
study. The advantages of this method including comparative
simplicity, higher precision and lower cost to synthesize shorter
single-strand DNA.
Since the hammerhead ribozyme gene is only about 50 bps
in length, primary analysis of the recombinant relies on PAGE
conventionally. Because PAGE is comparatively complex, in
this study, we introduced BglIIand ClaIrestriction sites to the
3’end of the ribozyme gene for the convenience of restriction
analysis. As shown in figure, correct recombinants can be
linearized by ClaIas well as cleaved into two fragments(1.0kb+3.
0kb) by BglII. Also, because NotIrestriction site in pGEMEX-1
had been removed, correct recombinant could not be cleaved
by NotI. Then agarose electrophoresis can be used to analyze
the recombinants. One of the six recombinants selected by this
strategy was sequenced, and the sequence of the inserted
ribozyme gene was confirmed. The result suggests that this
strategy is applicable. The recombinant plasmid pGEMEX-1RZ also would be used as an in vitro transcription vector to
test the in vitro cleavage activity of the ribozyme. The recovered
2.0 kb fragment after BglII restriction would be used as the
transcription template. The transcribed product would have
two additional nucleotides on the 3’end of the ribozyme, but
these two additional nucleotides have no influence on the
secondary structure of the ribozyme predicted by computer.
Design and cloning of a ribozymes are the essential work of
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studies about ribozymes. In this study, we designed and cloned
the anti-hTERT ribozyme successfully. Next, we will test the in
vitro cleavage activity of the ribozyme and will investigate the
growth inhibition effect of this ribozyme on colonic tumor cell
lines.
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Abstract
AIM: To seek for an effective method to improve the immune
responses induced by DNA vaccine expressing HBV surface
antigen (pCR3.1-S) in Balb/c mice (H-2d).
METHODS: The pCR3.1-S plasmid and the eukaryotic
expression vectors expressing murine IL-2 (pDOR-IL-2) or
IL-12 (pWRG3169) were injected into mice subcutaneously.
The immune responses to pCR3.1-S and the adjuvant effect
of the cytokines plasmid were studied. Meanwhile the effect
of pCR3.1-S on anti-translated subcutaneous tumor of P815
mastocytoma cells stably expressing HBsAg (P815-HBV-S)
was also studied. Anti-HBs in serum was detected by enzymelinked immunoadsordent assay (ELISA) and HBsAg specific
cytotoxic T lymphocytes (CTLs) activity was measured by 51Cr
release assay. After three weeks of DNA immunization, the
cells of P815-HBV-S were inoculated into mice subcutaneously
and the tumor growth was measured every five days. The
survival rate and living periods of mice were also calculated.
RESULTS: After 8 wk DNA immunization, the A 450 nm
values of sera in mice immunized with pCR3.1, pCR3.1-S
and pCR3.1-S codeliveried with IL-2 or IL-12 plasmids were
0. 03± 0.01, 1.24±0.10, 1.98±0.17 an d 1.67±0. 12
respectively. Data in mice codeliveried pCR3.1-S with IL-2
or IL-12 plasmids were significantly higher than that of mice
injected pCR3.1 or pCR3.1-S only. The HBsAg specific CTL
activities in mice coinjected with pCR3.1-S and IL-2 or IL12 eukaryotic expression vectors were (61.9±7.1) % and
(73.3±8.8) % , which were significantly higher than that of
mice injected with pCR3.1 (10.1±2.1) % or pCR3.1-S (50.5
±6.4) %. The HBsAg specific CTL activities in mice injected
with pCR3.1, pCR3.1-S, pCR3.1-S combined with IL-2 or IL12 eukaryotic expression vectors decreased significantly to
(3.2±0.8) %, (10.6±1.4) %, (13.6±1.3) % and (16.9±2.3)
% respectively after the spleen cells were treated by antiCD8+ monoclonal antibody, but presented no significant
change to anti-CD4+ monoclonal antibody or unrelated to
monoclonal antibody. The HBV-S DNA vaccine (pCR3.1-S)
could evidently inhibit the tumor growth, prolong the survival
period of mice and improve the survival rate of mice and
these effects could be improved by IL-12 gene codeliveried.
CONCLUSION: HBV DNA vaccine has a strong antigenicity
in humoral and cellular immunities, which can be promoted
by plasmid expressing IL-2 or IL-12. CD8+ cells executed

the CTL activities. DNA vaccine may be useful for both
prophylaxis and treatment of HBV infection.
Du DW, Jia ZS, Li GY, Zhou YY. HBV DNA vaccine with adjuvant
cytokines induced specific immune responses against HBV
infection. World J Gastroenterol 2003; 9(1): 108-111
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INTRODUCTION
Many animal models of infectious diseases have been
reported[1-3] which shows DNA vaccine induced broad range
of protective immunities, including antibodies, CD8+CTL,
CD4+Th cells against challenge with the pathogens, such as
plasmodium[4], influenza virus[5] simplex virus[6] and HIV-1[7].
Application of this genetic vaccination approach has been
extended to the treatment of cancers[8,9] as well as allergic
diseases [10,11] and autoimmune disease [12]. Because DNA
vaccines can induce weak and short-lived immune responses
in large out-bred animal[13], seeking for an effective way to
promote the immune responses of DNA immunization is an
urgent case. Relying on the knowledge above, we constructed
a recombination vector expressing HBV S protein, pCR3.1-S,
to study the possibility of DNA vaccine in controlling and
preventing the HBV infection. In addition, the eukaryotic
expression vectors expressing murine IL-2 or IL-12 were
coimmunized to mice with pCR3.1-S and their effects as
adjuvants for immune responses were also studied. Meanwhile,
we established the HBV-infectious animal model through the
inoculating of the P815-HBV-S and observed the treatment
and preventive effect of pCR3.1-S to HBV infection in vivo.
MATERIALS AND METHODS
Plasmids, cell lines and mice
Plasmid expressing hepatitis B virus surface antigen (pCR3.1S)[14] was constructed by Prof. Yao ZHQ (in this Department).
Plasmids expressing murine IL-2 (pDOR-IL-2) and IL-12
(pRW1369)[15] were generous gift from Dr. Feng ZHH(in this
Department). P815 mastocytoma cells were generous gift from
Dr. Zhao (Department of Pathology, the Fourth Military
Medical University). Female Balb/c (H-2d) mice were obtained
from the Center for Experimental Animals of the Fourth
Military Medical University and used at the age of 5-8 weeks.
Transfection and expression of pCR3.1-S in P815
P815 cells were maintained in RPMI 1640 (Sigma) with
10 mL·L-1 fetal bovine serum in a six-well tissue culture plate
at 37 in 5 % CO2 humidified atmosphere and then transfected
with the pCR3.1-S or the pCR3.1 alone by using lipofectamine
(GIBCO). For each transfection 20 µg of plasmid and 15 µL
of lipofectamine in 0.2 mL of serum free medium were mixed
in tube for 30 minutes. After 0.8 mL of serum-free medium
were added to the tube, the DNA-lipofectamine complexes
were overlaid onto the cells. After incubated 12 hours, the cells
were washed two times with the complete culture medium and
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DNA immunization in mice
Four groups of mice were used, each consisting of 5 mice which
were immunized with one of the following regiments in 100 µL
of sterile saline: (1) 100 µg of pCR3.1-S; (2) mixture of 100 µg
of pCR3.1-S and 100 µg of pDOR-IL-2 (IL-2); (3) mixture of
100 µg of pCR3.1-S and 100 µg of pRW1369 (IL-12); (4) 100
µg of pCR3.1 vector. The mice in the last group served as
negative control. All injections were done intramuscularly into
the lift thigh quadriceps muscle of mice at 0, 2, 4, 6 and 8 weeks.
HBsAg-specific antibody assay
Sera samples were collected by tail bleeding at different times,
beginning at 1 wk after immunization, and the presence of
HBsAg-specific antibody was analyzed by ELISA. The ELISA
kits for the HBsAg-specific antibody detection were purchased
from Huamei Co. and performed according to the
manufacturer’s instructions.
CTL assay
Spleen cells of mice were segregated 8 weeks after immunization
and the CTL activities were measured by 51Cr releases assay.
Na51CrO4 was purchased from Dubang Co. Target cells (1×106)
were labeled with 3.7MBq radiolabeled sodium chromate. The
assays were performed in triplicate with 1×105 targets/well at
various effector cell/target cell (E:T) ratios of 100:1. Results
were expressed according to the formula: % specific lysis=
(experimental release-spontaneous release)/(maximum releasespontaneous release). Experimental release represents the mean
count per-minute released by target cells in the presence of
effector cells. Maximum release represents the radioactivity
released after lysis of target cells with 50 g·L-1 Triton X-100.
Spontaneous release represents the radioactivity present in
medium derived from target cells alone.
Blocking of CTL response by monoclonal antibodies
At the effector cell/target cell ratio of 100:1, CTL assays were
performed in the presence of 10 mg·L-1 of anti-CD4+ or antiCD8+ monoclonal antibody added to the spleen cells in 96well plates. As a control an unrelated antibody was added to
the spleen cells. The monoclonal antibodies to mouse CD4+
or CD8+ cell were purchased from Sigma Chemical Co.
DNA vaccine against subcutaneous translated tumor
Four groups of mice were used, each consisting of 5 mice
immunized with one of the following regiments in 100 µL of
sterile saline: (1) 100 µg of pCR3.1-S;(2) mixture of 100 µg
of pCR3.1-S and 100 µg of pRW1369 (IL-12). (3) 100 µg of
pCR3.1; one group of mice without immunization. Three weeks
after DNA immunization,cells of P815-HBV-S were inoculated
into mice by subcutaneous injection in abdomen. The growing
tumors were measured every five days with a calipers using
average diameter. The survival period of mice was observed
and the survival rate of mice was calculated.
Statistical analysis
Data were reported as x±s and were analyzed by professional
statistical computer software SPSS. Significance was set
at P<0.05.

RESULTS
Codelivery of cytokines gene augmented the titer of antibody
induced by pCR3.1-S
The pCR3.1-S showed a strong antigenicity in humoral
immunity and the anti-HBsAg could be detected in sera of
mice after pCR3.1-S vaccination. The serum titres of antiHBsAg in mice increased with the times of immunization in a
period of time. The titres of anti-HBsAg in sera of mice were
significantly promoted by genes expressed murine IL-2 or IL12, especially by IL-2 gene (Figure 1).
pCR3.1-S
ｐＣＲ３．１－Ｓ
pCR3.1-S+IL-2
ｐＣＲ３．１－Ｓ＋ＩＬ－２
pCR3.1-S+IL-12
ｐＣＲ３．１－Ｓ＋ＩＬ－１２
pCR3.1
ｐＣＲ３．１

３3

A 450nm value

the medium was replaced with 2 mL of the complete culture
medium. After another 24-48-hour incubation, the cells were
transfered from the culture medium,which was then replaced
by medium contained 300 mg·L-1 G418 (Promega). Two weeks
later, the G418-resistant clones were selected and the expression
of HBsAg was detected by using of indirect immunofluorescence
(IIF). The HBsAg expressed cells were designated as P815HBV-S and used as the target cells for CTL assay.
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Figure 1 Serum anti-HBsAg level of Balb/c mice. bP<0.01 vs
pCR3.1; aP<0.05 vs pCR3.1-S

Cytokines gene effected on the CTL activity induced by pCR3.1-S
The HBsAg specific CTL activities were developed in the mice
after pCR3.1-S immunization. The CTL activities were
augmented by coimmunized with IL-2 or IL-12 gene. The mice
immunized with pCR3.1 alone did not elicited detectable
HBsAg specific CTL activities. IL-12 was more effective than
IL-2 in promoting the HBsAg specific CTL activities. The CTL
activity was blocked by anti-CD8+ monoclonal antibody but
not by anti-CD4+ monoclonal antibody or unrelated antibody
(Table 1). Taken together, these results indicated that the CTL
activity induced by pCR3.1-S in vivo was executed by cells
expressing CD8+ /CD4- surface phenotype and the CTL activity
could be enhanced or suppressed depending on the cytokines
gene expressed.
Table 1 The effect of cytokines gene on CTL activity induced
by pCR3.1-S (n=5; x±s %)
Group

Untreated

pCR3.1

mAb
Unrelated

Anti-CD4+

Anti-CD8+b

10.1±2.1

10.7±1.9

9.7±1.2

3.2±0.8

pCR3.1-S

50.5±6.4

49.7±6.1

48.3±5.9

10.6±1.4

pCR3.1-S+IL-2

61.9±7.1

62.0±6.8

56.2±7.5

13.5±1.9

pCR3.1-S+IL-12

73.3±8.8

69.9±7.6

75.6±9.1

16.9±2.3

b

P<0.01 vs unrelated mAb or CD4+ mAb

DNA vaccine inhibits the formation of subcutaneous
translating tumor derived from P815-HBV-S
After inoculated with P815-HBV-S, all five mice with or without
pCR3.1 (100 %) formed the tumor. The rate of tumor formation
was 20 % (1/5) in mice immunized with pCR3.1-S and there
was no tumor formed in mice coimmunized with pCR3.1-S and
IL-12. The survival rate of mice immunized with pCR3.1-S along
or coimmunized with IL-12 increased significantly (Figure 2)
and the tumor growth was evidently slower than that of mice
immunized with or without pCR3.1 (Figure 3).
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DISCUSSION
HBV infection is very common in China[16-23]. It is estimated
that approximately 130 million people in the world is infected
by hepatitis B virus (HBV). These people are at risk of
developing chronic hepatitis leading to liver cirrhosis and
hepatocellular carcinoma. Up to now, vaccination is a main
way in prevention[24-31].
It has been suggested that the MHC class II and I restricted
T cell responses to the virus are relatively weak during chronic
HBV infection[28] and there are no specific therapies to cope
with it. DNA vaccine contains the gene for an antigenic portion
of a pathogen, such as the core or the envelope protein, usually
under the transcriptional control of a viral promoter[29,30]. In
DNA-based vaccination, immunogenic proteins are expressed
in transfected cells of the vaccine recipients in their native
conformation with correct post-translational modifications
from antigen-encoding expression plasmid DNA in vivo. This
ensures the integrity of antibody-defined epitopes and supports
the generation of protective antibody. DNA vaccination is
furthermore an exceptionally potent strategy to stimulate CD8+
cytotoxic T lymphocyte (CTL) responses because antigenic
peptides are efficiently generated by endogenous processing
of intracellular protein antigen[31].
The results of our experiment indicate that the plasmids
expressing either IL-2 or IL-12 can enhance the specific
humoral and cellular immune responses against HBV infection
elicited by pCR3.1-S in mice. The former mainly enhances
the level of the HBsAg specific antibody and the latter mainly
enhances the HBsAg specific CTL activity.
IL-2 can enhance the immune responses through promoting
proliferation and differentiation of B cells and the antibody
development. The proliferation and activation of many kinds
of T-cells and the production of various cytokins can also be
promoted and stimulated by IL-2. The effect of IL-2 enhancing
the level of antibody may be related to its ability to induce the
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increase of the Th1 cells but not Th2 cells. This can increase
IgG2a type of antibody and lead to the increase of the total
level of the antibody subsequently[32-34]. IL-12 is so far the most
potent cytokine with the widest scope of modulation of immune
responses. The immune responses can be modulated by IL-12
promoting the production of Th1 type T cells and secretion of
other cytokines, stimulating the polarization and proliferation
of T cells and through promoting the maturity of CTL cells
and LAK cells. All of these can enhance the ability of the host
to kill and eliminate pathogens. The adjuvanticitities of
cytokines were also observed by others[25,32-36].
The situations in vivo are different from that in vitro after
all. In order to search the preventive and therapeutical effects
of HBV DNA vaccine to the HBV infection in vivo, we serve
the mouse injected with P815-HBV-S cells subcutaneously for
an animal model of HBV infection. The preventive and
therapeutical effects of pCR3.1-S on HBV infectious animal
model were investigated by observing the inhibiting effects of
pCR3.1-S on the neoplasia of P815-HBV-S cells inoculated
by subcutaneous injection. The result indicates that the pCR3.
1-S can reduce the formative rate of the subcutaneous
translating tumor significantly, inhibit the growth of tumor,
prolong the living periods and promote the survival rate of
mice injected with the P815-HBV-S cells. Maybe all of these
relate to the specific killing effect of CTLs to P815-HBV-S
cells induced by DNA vaccine. Furthermore, these effects of
pCR3.1-S can be enhanced obviously by IL-12 gene as shown
in the experiment. The therapeutic potential of DNA-based
immunization for the chronic HBV carrier states has also been
demonstrated in a transgenic mouse model[37]. This mode of
immunization has been shown to successfully eliminate HBsAg
in circulation.
These features of DNA-based immunization make it an
attractive strategy for prophylactic and therapeutic vaccination
against extra- and intracellular pathogens. Recently, DNA
vaccines induced the specific humoral[38] and cellular[39-41]
immune responses were observed in human experiments. The
results of these experiments suggest that DNA vaccine might
be a potential therapy for chronic HBV infection.
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Abstract
AIM: To establish a mice model harboring hepatitis B virus
x gene (adr subtype) for studying the function of hepatitis B
virus X protein, a transactivator of viral and cellular promoter/
enhancer elements.
METHODS: Expression vector pcDNA3-HBx, containing CMV
promoter and hepatitis B virus x gene open reading fragment,
was constructed by recombination DNA technique. Hela cells
were cultured in DMEM and transfected with pcDNA3-HBx
or control pcDNA3 plasmids using FuGENE6 Transfection
Reagent. Expression of pcDNA3-HBx vectors in the
transfected Hela cells was confirmed by Western blotting.
After restriction endonuclease digestion, the coding elements
were microinjected into male pronuclei of mice zygotes. The
pups were evaluated by multiplex polymerase chain reaction
(PCR) at genomic DNA level. The x gene transgenic mice
founders were confirmed at protein level by Western blotting,
immunohistochemistry and immunogold transmission
electron microscopy.
RESULTS: Expression vector pcDNA3-HBx was constructed
by recombination DNA technique and identified right by
restriction endonuclease digestion and DNA direct
sequencing. With Western blotting, hepatitis X protein was
detected in Hela cells transfected with pcDNA3-HBx plasmids,
suggesting pcDNA3-HBx plasmids could express in eukaryotic
cells. Following microinjection of coding sequence of
pcDNA3-HBx, the embryos were transferred to oviducts of
psedopregnant females. Four pups were born and survived.
Two of them were verified to have the HBx gene integrated
in their genomic DNA by multiplex PCR assay, and named
C57 - Tg N (HB x)S M M U 1 an d C57 - Tg N (HB x)S M M U 3
respectively. They expressed 17KD X protein in liver tissue
by Western blotting assay. With the immunohistochemistry,
X protein was detected mainly in hepatocytes cytoplasm of
transgenic mice, which was furthermore confirmed by
immunogold transmission electon microscopy.
CONCLUSION: We have constructed the expression vector
pcDNA3-HBx that can be used to study the function of HBx
gene in eukaryotic cells in vitro. We also established HBx

gene (adr subtype) transgenic mice named C57-TgN (HBx)
SMMU harboring HBx gene in their genome and express X
protein in hepatocytes, Which might be a valuable animal
system for studying the roles of HBx gene in hepatitis B virus
life cycle and development of hepatocellular carcinoma in vivo.
Xiong J, Yao YC, Zi XY, Li JX, Wang XM, Ye XT, Zhao SM, Yan
YB, Yu HY, Hu YP. Expression of hepatitis B virus X protein in
transgenic mice. World J Gastroenterol 2003; 9(1): 112-116
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INTRODUCTION
Human hepatitis B virus (HBV) is the prototype for a family
of viruses, referred to as Hepadnaviridae[1,2]. It has at least 4
subtypes, ayw, adr, ayr, and adw, among which adr is the most
prevailing subtype in China. The complete genomic DNA of
subtype adr has been cloned and demonstrated only 3.2kbp in
length, andwhich is different from the other 3 subtypes in DNA
and protein sequence[3]. HBV genome has 4 open reading
frames (ORFs), including envelope genes coding region (pres1, pre-s2 and s gene coding region), precore (pc) gene and
core(c) gene coding region, polymerase (p) gene coding region,
x gene coding region[4-6].
Chronic HBV infection is associated with a high incidence
of liver disease, including hepatocellular carcinoma (HCC)[7-9].
Based on epidemiologic studies involving chronic HBV
infection, it is estimated that the relative risk of developing
HCC for HBV carriers may be 100- to 200-fold higher than
that for non-carriers. It is proposed that the role of HBV played
in HCC predisposition is modifying host gene regulation.
Integration of viral DNA into the host genome can mediate
host gene deregulation by a variety of mechanisms[10-15]. X
protein may alter host gene expression leading to the
development of HCC[16]. It has been demonstrated that X protein
is a transactivator of a variety of viral and cellular promoter/
enhancer elements and can mediate the activation of signal
transduction pathways. Besides, it may affect DNA repair, cell
cycle control, and apoptosis[17-22]. It is now clear that X-defective
virus is unable to initiate infection in vivo. However, the
physiological role of X protein during the course of an infection
remains a major issue unresolved in hepadnavirus biology[23-27].
To explore the function of HBx gene in vivo, we generated
transgenic mice harboring HBx gene from subtype adr by
microinjection method, in which HBx gene could be expressed.
This model might be valuable for the study of HBx biology
and its associated biomedical issues in vivo.
MATERIALS AND METHODS
Reagents, antibodies, cells and animals
Restriction Endonucleases and T4 DNA ligase were obtained
from Promega Co. (USA). The mouse monoclonal antibody
against X protein was purchased from DAKO (USA). Sheep
anti mouse IgG-HRP was obtained from CALBIOCHEM
(Germany). Gel extraction kit was purchase from QIAGEN. Hela
cells were preserved in our laboratory. C57BL/6 mice were
maintained in our Transgenic Animal Laboratory (SPF level).
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Plasmid constructions
Plasmids pBR322-HBV (containing two tandem copies of the
HBV genome of adr subtype) and pcDNA3 (containing CMV
promoter) were preserved in our laboratory. Expression
plasmid pcDNA3.1 (containing CMV promoter) was
generously provided by Dr. Yu Hong-Yu. An 0.894-Kilobase
pair DNA fragment containing HBx gene was isolated by gel
extraction from plasmid pBR322-HBV after HindIII and BglII
restriction digest. The fragment was then subcloned into
plasmid pcDNA3.1 that has been digested by HindIII and
BamHI to yield intermediate plasmid pcDNA3.1-HBx, which
was employed as a template for polymerase chain reaction
(PCR) amplification of the HBx coding fragments. The primers
(A: 5’-ACACA AGCTT CATAT GGCTG CTCGG G-3’, B:
5’-CATGA ATTCT AGATG ATTAG GCAGA GGTG-3’)
were synthesized by Sangon Co. (Shanghai). Thirty five cycles
of amplification were done in a total volume of 50 µl with an
annealing temperature of 58 . PCR product and pcDNA3
were isolated after HindIII and XbaＩ digestion. After ligation,
the plasmid of pcDNA3-HBx was confirmed by restriction
endonucleases digestion and direct DNA sequencing.
Cell culture and DNA transfection
Hela cells were cultured in DMEM (Gibco) supplemented with
10 % FCS (Gibco) to confluence. Cells at 50 % confluency
were transfected with pcDNA3-HBx or contol pcDNA3
plasmids using FuGENE6 Transfection Reagent (Roche) with
a total of 1 ug of DNA per 3.5-cm plate of cells. Selection in
medium containing geneticin (G418; Gibco) at a concentration
of 500 µg/ml was started 48 hours later. After 2 weeks selection,
positive clones that were named Hela-HBx were isolated and
further expanded.
Assay pcDNA3-HBx expression in hela cells
Hela-HBx cells cultured in 10-cm dishes were rinsed with
phosphate-buffered saline (pH7.4) three times and collected
in a microcentrifig tube by trypsinzation. Cells were lysed
with lysis buffer[18]. Supernatants were then diluted 5 times
with phosphate-buffered saline (pH7.4) to assay the
expression of the transfected pcDNA3-HBx vectors in Hela
cells by Western blotting.
Microinjection and production of HBx transgenic mice
The pcDNA3-HBx plasmid was digested by Sal I and purified
by gel extraction (Qiagen gel extraction kit). Purified coding
fragment containing CMV promoter and HBx ORF were
dissolved in TE buffer (10 mM Tris-HCl, 0.2 mM EDTA,
pH7.5) at a final concentration of 2 ug/L (-4 000 copies/pl)
and microinjected into zygotes. Microinjection and embryo
manipulation were performed according to standard protocols.
Analysis of HBx gene integration
Genomic DNA was extracted from tail tissue of pups mice or
normal mouse and dissolved in TE buffer. It was used for PCR
assays to identify founders of transgenic mice with HBx gene.
In order to set an internal control of the efficiency of PCR
amplification, we developed a multiplex PCR, using two sets
of primers to amplify the HBx gene and the autosomal IL3
gene in the same reaction tube[28,29]. PCR reaction was performed
using 1 µl of dissolved DNA, 0.2 µm HBx gene specific primers
(C: 5’-GGACG TCCTT TGTCT ACGTC CCGTC-3’, D: 5’CCTAA TCTCC TCCCC CAACT CCTCC-3’, synthesized by
Sangon Co. /Shanghai), and 0.1 µm IL3 gene specific primers
(E: 5’-GGGAC TCCAA GCTTC AATCA-3’, F: 5’-TGGAG
GAGGA AGAAA AGCAA-3’, synthesized by Sangon Co. /
Shanghai) in a total volume of 50 µl according to the cycling
program: 94 , 40 s; 61 , 40 s; 72 , 60 s; 35 cycles.
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Analysis of HBx gene expression in transgenic mices
Western blotting Liver samples were obtained from the
transgenic mice with HBx gene and normal C57BL/6 mice.
Specimens (approximately 100 mg) were homogenized in a
screw-capped 1.5 ml microcentrifage tube and lyzed in lysis
buffer (0.5 % Nonidet P-40, 10 mM Tris (pH7.4), 150 mM
NaCl, 1 mM EDTA and 1 mM phenylmethanesulfonyl fluorid).
100 mg lysate was separated via 15 % SDS-polyacrylamide
gel electrophoresis with Tris-Glycine buffer (pH8.3). One
electrophoresis gel was stained with commassie brilliant blue
R-250, and another was blotted to nitorcellulose filter. After
blocked with 50 g/L defatted milk, the filter was incubated
with X protein mouse monoclonal antibody for 40 min at 37 ,
then washed with TBS (three times, 15 min each time) and
incubated with HRP-conjugated sheep anti-mouse IgG for
30 min at 37 . Finally, the filter was incubated with
peroxidase substrate solution Diaminobenzidine (DAB) for
5 min to visualize the positive bands.
Immunohistochemistry analysis Hepatic tissue samples were
fixed in 10 % neutral buffered formalin, paraffin-embedded
and sectioned. Briefly paraffin-embedded sections were
blocked with 3 % hydrogen peroxide (H2O2) for 10 min at 37
and washed with PBS. Subsequently, the sections were
incubated in the X protein mouse monoclonal antibody (diluted
1:100) for 2hr at 37 . After washing with PBS, the sections
were incubated in horseradish peroxidase-labeled sheep anti
mouse IgG (diluted 1:50) for 40 min at 37 . Washed with
PBS three times, the sections were subjected to color reaction
with 0.02 % 3, 3-diaminobenzidine tetrahydrochloride
containing 0.005 % H2O2 in PBS and counterstained with
hematoxylin lightly.
Immunogold transmission electron microscopy The
immunohistochemical X protein-positive mouse liver tissue
was selected to be cut into small pieces (0.1 cm in diameter) and
fixed first in 2 % paraformaldehyde and 0.5 % glularaldehyde
mixture buffer for 2hr at 4 , washed three times with PBS,
acted upon by 0.25 % Triton X-100 for 10 min. After being
blocked with blocking buffter, the pieces were incubated with
X protien mouse monoclonal antibody over night at 4 ,
washed with TBS and incubated with avidin-gold (15 nm) for
2hr at room temperature; then postfixed in 1 % osmiam
tetroxide for 1hr at room temperature, dehydrated in gradient
ethanol and embedded in epoxy resin. The sections were cut
on an LKB Ultralome III, mounted on copper grids, stained
with uranyl acetate and led citrate, and examined by
transmission electron mocroscopy.
RESULTS
pcDNA3-HBx vector construction and expression in Hela cells
A 0.465kb HBx gene was amplificated from HBV genomic
DNA and subcloned into the expression vector pcDNA3, with
which the pcDNA3-HBx was constructed. The sequence of
HBx gene in the plasmid was coincident with that reported
befoer[3], as identified by restriction endonucleases digestion
and confined by DNA direct sequencing. After purification
by gel extraction, pcDNA3-HBx plasmids were transfected into
Hela cells. Positive clones, Hela-HBx cells were isolated by
G418 selection. With Western blotting, hepatitis X protein was
detected in Hela cells, suggesting pcDNA3-HBx plasmids
expressed in eukaryotic cells (Figure 1).
Production of transgenic mice
The pcDNA3-HBx plasmid was digested by Sal I and target
fragments containing CMV promoter and HBx ORF were
purified by gel extraction. Target fragments then were
microinjected into male pronuclei of zygotes from C57BL/6
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mice. 45 zygotes were microopreated. 41 microinjected eggs
were implanted into oviducts of 3 pseudopregnant recipient
mice, and 4 pups were born and survived. The born rate was
11 %. By multiplex PCR screening, two of the pups were
identified to harbour HBx gene in their genomic DNA, named
C57-TgN HMU1 and C57-TgN(HBx)SMMU3 (Figure 2).
1

2

A

2

Figure 1 Detected hepatitis X protein expression in transfected
Hela cells. Mr17 000 X protein was detected in Hela-HBx cells.
Lane1: control cells; Lane 2: Hela-HBx cells.
1

1
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2

3

B

4

544bp
346bp
C

Figure 2 Analysis of HBx gene integration in transgenic mice
by PCR. 544 bp IL3 gene fragment and 346 bp fragment were
amplified with positive and negative primers. Lane 1: 100 bp
ladder Marker; Lane 2: C57-TgN (HBx) SMMU1 transgenic
mice; Lane3: C57-TgN(HBx)SMMU3 transgenic mice; Lane 4:
normal C57BL/6 mice.

Expression of HBx gene in transgenic mouse
To detect the expression of hepatitis X protein in transgenic
mice, liver samples were obtained from C57-TgN(HBx)
SMMU1 mice and normal C57BL/6 mice. Specimens were
homogenized and lyzed in lysis buffer. 100 mg lysate was used
to assay HBX protein. A component of relative molecular mass
17 000 befitting the X protein was specifically detected with
anti X protein monoantibody by Western blotting (Figure 3A),
suggesting the transgenic mice with HBx gene could express
X protein in the liver tissue. The distribution of X protein in
hepacytes was determined by immunohistochemisty and
immunogold electron microscopy, which revealed that X
protein was mainly distributed in hepatocytic cytoplasma, little
on plasm membrane and in nucleus (Figure 3B-3D).
DISCUSSION
Transgenic mice are the valueble animal models to study the
functions of genes[30]. Although transgenic mice containing
different HBV genes, including the entire viral genome, have
been established and analysed before, there is little evidence
to suggest that the virus plays a direct role in inducing
hepatocellular carcinoma[31-41]. Hepatitis X protein is essential
for HBV genes expression and replication[42,43]. In vitro, X
protein exhibits a plethora of activities. From cell culture studies,
it is believed that X protein can activate the transcription of host
genes, including the major histocompatibility complex and cmyc, as well as viral genes. Aside from the transactivation of
many promoters, the other activities linked to X protein include

D

Figure 3 Expression of HBx gene in transgenic mice. (A) Western blot analysis of HBx gene expression in liver tissue from
transgenic mouse. Mr 17 000 X protein was detected with X
protein mouse monoclonal antibody; Lane 1: C57-TgN(HBx)
SMMU1 transgenic mice; Lane 2: normal C57BL/6 mice; (B):
HBx gene expression mainly in hepatocytes cytoplasm of C57TgN(HBx)SMMU1 transgenic mice demonstrated by immunohistochemistry (×132). (C, D) HBx gene Expression in hepaticyte
cytoplasm of C57-TgN (HBx) SMMU1 transgenic mice detected
by immunogold electron microscopy (arrows) 3C: ×20 000;
3D: ×40 000.

stimulation of signal transduction and binding, to various
degrees, to well-known protein targets such as p53, proteasome
subunit, and UV-damaged DNA binding protein[44-58].
However, the role of HBx gene in the course of HBV
infection and in inducing HCC is unknown. In the present
study, we constructed an HBx gene (adr subtype) expression
vector pcDNA3-HBx containing CMV promoter and HBx gene
ORF. By Western blotting, we found that it could express X
protein in eukaryotic cells. pcDNA3-HBx may be a useful
vector to study the role of X protein and explore the machansim
of transactivation in vitro. We also generated two founders of
transgenic mice with HBx gene(adr subtype) by microinjections,

Xiong J et al. Expression of X protein in transgenic mice

named C57-TgN(HBx)SMMU1 and C57-TgN(HBx)SMMU3,
which harboured HBx gene in their genomic DNA. The birth
rate of the pups was lower than that of other transgenic mice,
including entire hepatitis viral genome transgenic mice. This
indicated that X protein was probably involved in some phases
of development. The hepatitis X protein was expressed in the
liver tissue of transgenic mice and distributed mainly in
hepacytes cytoplasm by Western blotting, immunohistochemisty
and immunogold electron microscopy, which suggested that
the transgenic mice could be an important tool in studying the
function of HBx gene in vivo. Besides, we also developed a
multiplex PCR to rapidly and accurately screen the transgenic
mice with HBx gene. This method, using an optimized ratio of
primer pairs, allows for the detection of HBx gene in transgenic
mice, which can not only amplificate target genes, but also
show its amplification efficiency.
In conclusion, we have established HBx (adr subtype)
transgenic mice as a model systerm for defining the function of
HBx gene (adr subtype) and the role of X protein in the virus
life cycle and HCC. And the multiplex PCR is a rapidly and
accurately method to detect the transgenic mice with HBx gene.
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Abstract
AIM: Chronic hepatitis B is a serious health problem.
Interferon has long been used to treat Chronic hepatitis B.
To evaluate the effects of interferon on chronic hepatitis B
better, we designed the study to investigate the changes in
sera and liver histology of patients with chronic hepatitis B
after interferon alpha-2b treatment.
METHODS: Twenty-four patients with chronic hepatitis B
were enrolled in this study. They all received interferon alpha2b treatment as following: 3 million units, i.m.. t.i.w., for 18
weeks. Sera of all patients were obtained respectively for
evaluation of ALT, HBsAg, HBcAg, HBeAg, HBV DNA and
TIMP-1 before and after interferon treatment, also a liver
biopsy pre- and post-treatment was performed for
comparison of HAI, HBsAg, HBcAg, HBeAg, TIMP-1 and
activated HSC in the liver tissue.
RESULTS: Patients who had normalization of serum ALT
and seroconversion of HBeAg and/or HBV DNA (blot
hybridization) after treatment were defined as responders.
The response rate in this study group was 37.5 % (7/24).
Compared to pretreatment, the serum HBV DNA and TIMP1 decreased significantly (P<0.05), so did the HAI, HBcAg,
HBeAg, TIMP-1 and activated HSC (P<0.05).
CONCLUSION: The significant decrease in HBV DNA in
sera, the seroconversion of HBeAg, and the decrease of
viral expression in liver indicated that interferon alpha-2b
treatment can inhibit viral replication. The normalization of
ALT in sera and the improvement of HAI in liver showed
that interferon alpha-2b can improve the liver histology of
patients with chronic hepatitis B. At the same time, interferon
alpha-2b treatment can reduce the TIMP-1 in serum and
liver and decrease the number of activated HSC, which may
allievate or inhibit hepatic fibrosis. Although the response
rate was unsatisfactory, interferon play a benefical role on
patients with chronic hepatitis B in other respects. We still
need further studies to improve the therapy effects.
Han HL, Lang ZW. Changes in serum and histology of patients
with chronic hepatitis B after interferon alpha-2b treatment.
World J Gastroenterol 2003; 9(1): 117-121
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INTRODUCTION
Chronic hepatitis B is a serious problem threatening public
health, especially in our country. Interferon has been used to
treat it for a long time. It has been proved that after interferon

treatment, the response rate in patients with chronic hepatits B
is about 30-50 %, with normalization of ALT, seroconversion
of HBeAg and HBV DNA and improvement of liver HAI[1-11].
However, the effects on hepatic fibrosis and viral antigen in
liver tissue have been seldom reported. In this study, we
evaluated mainly the effects of interferon treatment on some
indexes of sera and liver histology.

MATERIALS AND METHODS
Materials
Patients Twenty-four patients were enrolled in this study. Of
these, 21 were male, 3 were female. The mean age was 38.4.
All patients had moderately elevated serum ALT. All patients
were negative for hepatitis C and D. None had alcoholic liver
disease, autoimmune or drug-induced liver disease, no patients
had received antiviral or immunomodulatory therapy. Informed
consent was obtained from each patient before the study. All
patients were treated with recombinant IFN-α-2b 3MU thrice
a week for 18 weeks (The IFN-α-2b was a product of Anke
Company of biological technic of Anhui Province). Liver
biopsy was performed in each patient before and after IFN
treatment and serum specimens were obtained at the same time.
Response to IFN-α-2b treatment Patients who had
normalization of serum ALT and seroconversion of HBeAg
and/or HBV DNA(blot hybridization) after treatment were
defined as responders, while those with negative result were
taken as non-responders.
Methods
Assay for serum HBV, HCV, CMV and EBV markers All
markers were measured by using the enzyme linked
immunosorbent assay (ELISA). Antibodies to HBsAg, antiHBs, HBeAg, anti-HBe, anti-HBc-IgM, anti-HBc-IgG, antiHCV-IgG and anti-HCV-IgM were products of American
Abbott Company. Anti-CMV-IgG and anti-EBV-IgG were
purchased from Italian Deyi Company. The reagents for HBV
DNA blot hybridization were products of Yuanli Reagent
Company of Shanghai Medical University.
Quantitative PCR of serum HBV DNA Blood samples were
obtained under fasting conditions before and after the IFN
until assay.
treatment. All sera were stored at -40
Quantitative polymerized chain reaction (PCR) of HBV DNA
was performed as the method introduced by American
Biotronics Company [12]. The logarithms of the HBV DNA
levels were statistically analyzed.
Assay for serum TIMP-1 Serum TIMP-1 was evaluated by
using sandwich method of ELISA. Multiclonal antibody to
TIMP-1 was bought from Beijing Zhongshan Biological
Company, while monoclonal antibody to TIMP-1 was from
Fujian Maxim Biologcal Company. Other reagents for ELISA
were purchased from Beijing Zhongshan Biological Company.
Histological analysis Liver specimens were graded by 2
pathologists blinded to the response to treatment, using the
histological activity index (HAI) described by Knodell[13].
Assay for viral antigen in liver Expression of HBsAg, HBcAg
and HBeAg in liver were evaluated using immunohistochemical
S-P method. S-P kit was produced by Fujian Maxim Biologcal
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Company. The procedures were performed according to the
kit instruction. Expression of viral antigen in the liver was
evaluated by semi-quantitative scoring system refering to the
method introduced by Lindh[14]. Based on the ratio of positive
cells, the score was 0-3 respectively, corresponding to the
positivity in 0 %, 1-20 %, 20-50 %, and more than 50 % of
hepatocytes examined.
Liver fibrosis (1) Using α-smooth muscle actin (α-SMA) as
a marker of activated hepatic stellate cell (HSC), the changes
of activated HSC in the liver were analysed. (2) The expression
of TIMP-1 in the liver was also investigated by using
immunohistochemical method. The reagents for both HSC and
TIMP-1 were bought from Fujian Maxim Biologcal Company.
Scoring systems were the same as that for viral antigens.

pretreatment
治疗前

Statistical analysis
All statistics were performed by using statistical procedure of
social science (SPSS), including chi-square test and Wilcoson’s
rank sum test. The probability values less than 5 % were
considered significant.
RESULTS
Responders and non-responders
After interferon treatment, 7/24 (37.5 %) of patients were
responders who had normalization of ALT and seroconversion
of HBeAg and/or HBV DNA. The other 15 (62.5%) patients
were non-responders.
Changes in serum level of HBV DNA
The average logarithm of serum HBV DNA before interferon
treatment was 8.20±0.60 m, which changed to 7.21±1.14 after
treatment (Table 1 and Figure 1).Compared to pretreatment, the
serum level of HBV DNA decreased significantly (P<0.05).
Moreover, the decrease of serum HBV DNA level of responders
was significant (P<0.05).
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(n=15)

all patients
(n=24)

post-treatment
治疗后
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Figure 2 Changes of OD value of serum TIMP-1 of patients
with chronic hepatitis B

Changes in HAI
Before IFN treatment, there was no significant difference of the
HAI between the responders and non-responders (P>0.05). After
treatment, the HAI of patients decreased markedly (P<0.05),
especially the necrosis and intralobular inflammation (P<0.05),
but not the portal inflammation and fibrosis (P>0.05). The
changes of HAI of responders was significant (P<0.05), while
that of non-responders was insignificant (P>0.05). (Table 2).
Table 2 Changes of HAI of patients with chronic hepatitis B (x±s)
responders (n=9)
pretreatment

Table 1 Changes of serum HBV DNA of patients with chronic
hepatitis B (Logarithm of the value expressed by copy/ml) (x±s)
responders
(n=9)
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patients (4 responders and 9 non-responders) were evaluated.
After the IFN treatment was completed, the optical density (OD)
values of serum TIMP-1 of 10/13 (76.9 %) of patients decreased.
Compared to pretreatment, the decrease was significant
(pretreatment 0.481±0.199, post-treatment 0.367±0.210, P<0.05)
(Figure 2), regardless of the responders or non-responders.

The optical density of serum TIMP-1
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posttreatment

nonresponders (n=15)
pretreatment

posttreatment

all patients (n=24)
pretreatment

posttreatment

necrosis

2.57±1.51

2.14±1.21

2.82±0.98

1.91±1.04

2.72±1.18a

2.06±1.11

lob. inf.

3.29±0.49a 1.57±0.98

2.67±0.82

2.36±0.92

2.72±0.89 a 1.78±1.00

pretreatment

8.52±0.39

8.00±0.64

8.20±0.60

portal inf. 3.00±1.00

2.29±1.25

2.32±0.96

2.09±0.94

2.58±1.00

2.39±0.98

post-treatment

7.24±0.83

7.16±0.14

7.21±1.14

necrosis

1.57±1.13

1.91±1.14

1.36±1.12

1.82±1.15

1.44±1.10

P value

P=0.028

P=0.051

P=0.002

HAI

7.57±4.12

9.41±3.04

7.45±3.11

9.86±3.22a 7.78±3.30

a

10１０
9９
8８
7７
6６
5５
4４
B

１

A

２

Figure 1 Changes of the logarithm value of serum HBV DNA
of patients with chronic hepatitis B (B: before IFN treatment;
A: after IFN treatment)

Changes in serum TIMP-1
Because of limited samples, only the serum TIMP-1 of 13

1.71±1.25
10.57±3.6a

P<0.05

Viral antigens in liver
In the liver, HBsAg was expresssed in the following pattern:
membranous, submembranous, cytoplasmic or inclusion body.
In this study, before IFN treatment, HBsAg was mainly located
in the cytoplasma of hepatocytes, and was positive in 22/24
(91.7 %). The positivity of HBsAg in the liver of responders
was not considerably different from that of non-responders
(P>0.05). After IFN treatment, 17 patients were found to have
HBsAg expression in the liver, which was not significantly
different from that of pretreatment (pretreatment 1.50±1.79,
post-treatment 1.11±0.83, P>0.05), regardless of responders
or non-responders (Responders: pretreatment 1.33±0.52, posttreatment 1.17±0.75, P>0.05; Non-responders: pretreatment
1.50±0.80, post-treatment 1.08±0.90, P>0.05). The location
of HBsAg switched from a diffuse cytoplasmic pattern to a
membranous and/or sub membranous pattern.
HBcAg can be mainly detected in hepatocyte nucleus and
cytoplasm (Figure 3). HBcAg expression was positive in 20/
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24 (83.3 %). There was no significant difference between
HBcAg expression in the liver of the responders and nonresponders (P>0.05). However 12/20 (60 %) of patients were
found to have a decrease in HBcAg expression in liver after
IFN treatment, and the location of HBcAg changed to nucleic
pattern mostly. Statistics showed that HBcAg expression in
the liver declined significantly, Compared to pretreatment
(pretreatment 1.28±0.75, post-treatment 0.61±0.85, P<0.05).
The decrease in the responders was marked, but not that in the
non-responders (Responders: pretreatment 1.67±0.52, posttreatment 0.17±0.47, P<0.05; Non-responders: pretreatment
1.08±0.79, post-treatment 0.83±0.94, P>0.05).
Positive HBeAg expression in liver was mainly located in
cytoplasma and nucleus of hepatocytes (Figure 4). HBeAg was
detected in the liver of 12/24 (50 %) of patients before IFN
treatment and 4/24 (16.7 %) after treatment. Statistics proved
that HBeAg expression decreased remarkably (pre-treatment
0.78±0.94, post-treatment 0.22±0.43, P<0.05). But the decrease
in the responders was not significantly different from that in
the non-responders (P>0.05).
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Liver fibrosis
HSC in liver Normally, there are only several activated HSCs
which contain α- SMA. But in the liver of patients with chronic
hepatitis B, there were large number of α- SMA-positive HSC,
diffusely located in the sinusoids (Figure 5). This showed that
the number of α-SMA-positive HSC in the liver decreased
significantly after treatment (pre-treatment 1.39±0.35, posttreatment 0.61±0.70, P<0.05). The marked change of HSC
was related to the change of HAI (P<0.05), but not to the
fibrosis score in accordance with HAI.
TIMP-1 in liver TIMP-1 in the liver was located in cytoplasma
of hepatocyte (Figure 6). Before IFN-α treatment, 21/24(87.5 %)
of patients were detected positive TIMP-1 in their livers. In
addition, there was no significant difference in TIMP-1
expression between responders and non-responders (P>0.05).
After treatment, the TIMP-1 in liver of 18/21(85.6 %) patients
decreased. Compared to pretreatment, TIMP-1 in liver
decreased significantly (pre-treatment 1.765±1.033, posttreatment 0.588±0.441, P<0.01), regardless of the responders
or non-responders.

A

A

B

B

Figure 3 Changes of HBcAg expression in liver of patients
with chronic hepatitis B. A: before IFN treatment; B: after IFN
treatment

Figure 5 Changes of α- SMA-positive HSC in liver of patients
with chronic hepatitis B. A: before IFN treatment; B: after IFN
treatment

Figure 4 HBeAg expression in liver of patients with chronic
hepatitis B before IFN treatment

Figure 6 TIMP-1 in liver of patients with chronic hepatitis B
before IFN treatment
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DISCUSSION
Interferon-α treatment is effective in decreasing serum alanine
transferase (ALT), converting serum HBeAg and HBVDNA
to negative, and improving necroinflammation in the liver of
patients with chronic hepatitis B. In this study, we evaluated
the effect of interferon-α on both liver histology and serum
parameters.
Viral markers in sera
Among the patients, 9/24 (37.5 %) showed response reaction
after interferon treatment, which agreed with other studies[14].
The serum ALT of responders became normal, and the serum
HBeAg and/or HBVDNA became negative after treatment.
Compared to pre-treatment, the serum HBVDNA of the
patients decreased significantly (P<0.05), especially that of
the responders (P<0.05). The results suggested that interferonα could inhibit the viral replication.
Viral antigen in liver
It was reported that interferon-α can inhibit all hepatitis B virus
antigens expression in primary hepatocyte culture[15]. Moreover,
interferon can change the location of HBsAg in hepatocyte from
cytoplasma to the cell membrane or submembrane region[15],
which may enhance immune recognition and clearance of
infected hepatocytes. Our study evaluated the effect of
interferon-α on viral antigen in liver of chronic hepatitis B. In
this group, the decline of HBsAg expression in liver was not
significant, but the HBsAg expression switched from
cytoplasmic to membranous/submembranous, which supported
some previous studies[5,6]. However, the HBcAg and HBeAg
in the liver decreased significantly after interferon treatment,
especially in the responders, but not in the non-responders.
This might be related to the fact that HBcAg and HBeAg of
hepatocytes were target antigens of immune reaction mediated
by HBV. IFN could enhance the recognition of immune system
on the infected hepatocytes.
HAI
Shiratori et al proved that interferon therapy can improve liver
histology of hepatitis C by alleviating hepatic inflammation
and fibrosis[16]. Our study showed that after interferon treatment,
HAI of liver of all the patients decreased significantly (P<0.05),
mainly in the aspects of necrosis and intralobular inflammation.
The change in responders was significant, but not that in the
non-responders. This indicated interferon treatment can improve
the hepatic lesions of patients with chronic hepatitis B.
Liver fibrosis
Many patients with chronic hepatitis B progress slowly to liver
fibrosis even cirrhosis. During this course, HSC plays a key
role in the process of fibrosis. Proliferation and transformation
of HSC is basic characteristic of liver fibrosis. On the one hand,
liver injury and cytokines released stimulate HSC to proliferate,
differentiate and acquire myofibroblast phenotype, with
increase of collagen synthesis, expression of α- SMA, secretion
and desposition of extracellular matrix (ECM)[17,18]. On the other
hand, HSC can secrete matrix metalloproteinase (MMP) which
can degrade ECM. It is worth noting that HSC also secretes
tissue inhibitor of metalloproteinase (TIMP)-the inhibitor of
MMP. TIMP can noncovalently bind with MMP to inhibit the
degradation of ECM, and promote liver fibrosis. Researches
showed that in liver of patients with liver disease related to
hepatitis B, the expression of TIMPs and MMP altered to make
the liver tend to develop fibrosis[19-22]. Certain medicine can
improve liver cirrhosis[23]. Several reports suggested that
interferon treatment can alleviate hepatic fibrosis caused by
viral hepatitis[24-30]. The mechanism is not clear. Some evidence
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supported that interferon reduced HSCs [31], probably by
inducing the apoptosis of HSCs [32]. Others believed that
interferon changed the amount of enzymes, such as MMP and
TIMPs[33,34].

HSC in liver
In our study, the number of HSC containing α- SMA decreased
significantly after interferon treatment (P<0.05). The α- SMA
expression by HSC decreased in 50 % of patients. This
suggested that interferon treatment might inhibit the
proliferation or transformation of HSC with the same conclusion
by Guido’s[31]. The significant association of α- SMA to liver
HAI (P<0.05) suggested that the effect of interferon on HSC
maybe related to its anti-inflammatory function. But there was
no significant relation between reduction of HSC and change
of fibrosis according to Knodell’s HAI, which might be due to
the small size of our patients.
TIMP-1 in serum and liver
Mitsuda et al found that IFN-α could not only reduce the TIMP1 in serum to enhance fibrinolysis, but also inhibit the
fibrogenesis of patients with chronic hepatitis C[33]. Whether
IFN-α has similar effect on the patients with chronic hepatitis
B remains to be seen.
In this study, TIMP-1 in both serum and liver of patients
with chronic hepatitis B decreased markedly after IFN-α
treatment. This phenomenon suggests that IFN-α can inhibit
production or TIMP-1 expression to improve fibrinolysis and
inhibit fibrosis.
In conclusion, our study suggests that IFN-α treatment can
inhibit viral replication, alleviate liver injury, inhibit activation
of HSC, decrease TIMP-1 in liver and serum and inhibit liver
fibrosis. The detailed mechanism and the optimal dose and
course of IFN-α still deserve more studies. Although the
interval of two biopsy was not very long, evidence suggested
that interferon has long-term beneficial effect in patients with
chronic hepatitis B[35]. The result was not very satisfactory.
Maybe we should combine interferon and other medicines to
treat chronic hepatitis B, as some study did[36].
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Abstract
AIM: The finding that some Helicobacter pylori strains express
Lewis b (Leb) blood group antigen casts a doubt on the role
of Leb of human gastric epithelium being a receptor for H.
pylori. The aim of this study was to determine if expression
of Leb in H. pylori interferes with bacterial adhesion property.
METHODS: Bacterial adhesion to immobilized Le b on
microtitre plate was performed in 63 H. pylori strains obtained
from Singapore using in vitro adherence assay. Expression of
Lewis blood group antigens was determined by ELISA assay.
RESULTS: Among 63 H. pylori strains, 28 expressed Leb
antigen. In vitro adhesion assay showed that 78.6 % (22/
28) of Leb-positive and 74.3 % (26/35) of Leb-negative H.
pylori isolates were positive for adhesion to immobilized Leb
coated on microtitre plate (P=0.772). In addition, blocking
of H. pylori Leb by prior incubation with anti-Leb monoclonal
antibody did not alter the binding of the bacteria to solidphase coated Leb.
CONCLUSION: The present study suggests that expression
of Le b in H. pylori does not interfere with the bacterial
adhesion property. This result supports the notion that Leb
present on human gastric epithelial cells is capable of being
a receptor for H. pylori.
Zheng PY, Hua J, Ng HC, Yeoh KG, Bow H. Expression of Lewisb
blood group antigen in Helicobacter pylori does not interfere
with bacterial adhesion property. World J Gastroenterol 2003;
9(1):122-124
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INTRODUCTION
Helicobacter pylori is the major etiologic agent of chronic
active gastritis, and is generally accepted as a causative factor
in the pathogenesis of gastritis, peptic ulcer (PU) disease and
gastric adenocarcinoma[1-3]. It is estimated that over 50 % of
the world’s population are infected with H. pylori.

The bacterium shows a strict tropism for gastric epithelium
and is usually isolated from gastric epithelium and duodenal
mucosa with gastric metaplasia. The presence of specific
receptors for H. pylori on the gastric mucosa may explain its
gastric tropism. The Lewisb (Leb) blood group antigen has been
reported to be a receptor of H. pylori, and the blood-group
antigen-binding adhesin, BabA, has been shown to mediate
binding of H. pylori to human Leb on gastric epithelium[4].
Following the finding that Leb was expressed in some strains
of H. pylori[5], the role of host Leb as a receptor for H. pylori
has been questioned considering the H. pylori
lipopolysaccharide (LPS) Leb may interfere with the interaction
between the bacteria BabA and Leb on gastric epithelium[5, 6].
This may be more important for the Asian strains where there
is a higher frequency of H. pylori strains expressing type 1
blood-group antigens (Lea, Leb) (43.5 % for Leb) [7, 8] comparing
with Western strains (<10 % for Leb). The high frequency of
Leb expression in H. pylori strains in our population offers a
unique opportunity to investigate the potential influence of
Leb in H. pylori on the bacterial adhesion property.

MATERIALS AND METHODS
Patients and H. pylori isolates
H. pylori strains were isolated from the gastric biopsies of 108
patients undergoing upper gastrointestinal endoscopy for
dyspepsia at the National University Hospital, Singapore.
Informed consent was obtained from all the patients for
gastroscopy and biopsies. A subset of 63 H. pylori strains from
these 108 strains which were performed in our previous study[8]
was randomly chosen for the in vitro adherence assay. Of these,
36 were isolated from male patients and 27 were from female
patients. The average age of the patients was 43 years (16-78
years). Based on endoscopic and histologic examination, the
patients were classified into the following groups: peptic ulcer
(n=33), and chronic gastritis (n=30). The bacteria were isolated
and identified as described previously [8]. Each strain was
in a humid
cultured on chocolate agar for 3-4 days at 37
incubator (Forma Scientific, Mountain View, USA) supplemented
with 5 % CO2.
In vitro adherence assay
The adherence assay was performed according to Gerhard et
al[9] with minor modifications. Briefly, for each of the 63 H.
pylori strains, the 4-day-old culture was harvested and washed
twice in 0.05 M carbonate buffer (pH 9.6) before resuspending
in 1 ml of the same buffer. A 10 µl of 10 mg·ml-1of digoxigenin
(Roche Diagnostics, Mannheim, Germany) solution was added
to the bacterial suspension and incubated for 60 min at RT.
Polysorb 96-well- microtiter plates (Nunc, Rochester, USA)
were coated with 50 ng per well of Lea, Leb, Lex and Ley,
(IsoSep, Tullinge, Sweden) in 50 µl of 0.05 M carbonate buffer
(pH 9.6) while 50 µl of the same buffer was added as negative
control. Following overnight incubation at RT, the solution
was decanted without washing, and 100 µl of blocking buffer
(0.5 % non-fat milk/0.2 %Tween-20) was added. After the
plate was further incubated at RT for 1 hour, the solution was
decanted without washing, and then 50 µl of digoxigenin

Zheng PY et al. Adhesion and Leb expression in H. pylori

labeled bacteria diluted to an OD of 0.5 at 600 nm were added
to each well of the plates and incubated for another 1 hour at
RT with gentle agitation. After washing with PBS, 50 µl of
150 mU·ml -1 of anti-digoxigenin-HRP antibody (Roche
Diagnostics, Mannheim, Germany) was added and incubated
for 1 hour at RT. The plates were washed 3 times with PBS
before adding 50 µl of o-phenylenediamine dihydrochloride
(Sigma, Louis, USA) (0.4 mg·ml-1 in citric acid buffer with
0.025 % H2O2). The reaction was stopped with the addition of
2.5 M sulfuric acid. The OD value was read at 490 nm in an
ELISA reader (Bio-Tek, Houston, USA). The strains were
considered positive for adhesion to the antigen if the ratio of
OD Ag/OD control was >2.0 [9]. The assay was carried out in
duplicate for all the strains tested.

Lewis antigen expression
The expression of Lewis blood group antigens (Lea, Leb, Lex
and Ley) was determined by enzyme-linked immunosorbent
assay (ELISA) as described previously[8, 10]. The following
murine monoclonal antibodies (mAb) were used: mAb 541F6A, specific for Lewisx (Lex); mAb 1E52, specific for Ley;
mAb 7Le, specific for Lea and mAb 225Le, specific for Leb.
Bacterial whole cells from 3-day cultures (7.5×106 ml-1) were
suspended in 1 ml phosphate buffered saline (PBS) at pH 7.4.
One hundred ml of suspension was added to each well of 96well microtitre plate (Nunc, Rochester, USA) and incubated
overnight at room temperature (RT). Plates were then washed
three times with PBS containing 0.05 % Tween-20 (PBST).
Subsequently, an aliquot of 100 ml of mAbs (100 ng·ml-1) was
added and incubated overnight at RT. After washing three times
with PBST, a 100 ml solution of 1:1 000 horseradish peroxidaselabelled goat anti-mouse immunoglobulin (DAKO, Glostrup,
Denmark) diluted in PBST with 0.5 % goat serum was added.
Color development occurred with the addition of H2O2 and ophenylenediamine dihydrochloride (Sigma, St. Louis, USA)
in phosphate citrate buffer (pH 5.4) in the dark for 30 min at
RT. A 50 ml of 2.5 M H2SO4 solution was added to each well
to stop the reaction. The optical density (OD) was read at 490
nm. OD of 0.2 was chosen as the cut-off value because the
sum of non-specific background binding value for mAbs never
exceeded an OD of 0.1. Synthetic protein-linked Lewis
antigens, i.e., Lea, Leb, Lex and Ley (IsoSep, Tullinge, Sweden)
were used as positive controls for the mAbs.
Adherence blocking assay by anti-Leb mAb
To test if blocking LPS Leb would alter the binding of the
bacteria to Leb on ELISA plate, two chemically characterized
strains with Leb (H428 and H507)[7] were subjected to adherence
blocking assay by incubation with mAb 225Le, specific for
Leb[8, 11]. The bacteria were incubated with 225Le mAb (1.0,
10.0, and 100.0 µg·ml-1) for 1 hour at RT, and then washed
twice with PBST (PBS + 0.05 % Tween-20). The adherence
assay was performed as described earlier.
Statistical analysis
Frequencies were compared using 2-tailed Fisher’s exact test
(SPSS 9.0, Chicago, USA). The rations of OD values were
expressed as means ± standard deviations, and the distributions
of the ratios were compared by using Student’s t test for
comparison of means of independent samples. A P value <0.05
was considered statistically significant.
RESULTS
In vitro adherence assay
Of the 63 H. pylori strains tested, 48 (76.2 %) were positive
for adhesion to immobilized Leb antigen on microtitre plate.
The positive H. pylori strains showed ratios of ODAg/ODcontrol
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between 2.0-4.1 while the negative strains exhibited values
between 0.89-1.67. None of the H. pylori strains bound to Lea,
Lex or Ley.

Effect of Leb expression in H. pylori on bacterial adhesion
property
In the test for expression of Lewis antigen in H. pylori, 28 out
of the 63 H. pylori strains expressed Leb while 35 did not
express Leb based on ELISA. Among these 28 Leb-positive
strains, 22 (78.6 %) were positive for adhesion to immobilized
Leb antigen coated on plate as compared to 26 (74.3 %) of 35
Leb-negative strains (P=0.772). Furthermore, the ratio of ODAg/
ODcontrol was not significant difference between LPS Lebpositive strains and Leb-negative strains (2.3±0.7 vs 2.3±0.7,
P=0.988).
Adherence blocking assay by anti-Leb mAb
Two chemically characterized Leb positive H. pylori strains
H428 and H507[7] were subjected to adherence blocking assay
by prior incubation with the bacteria with specific mAb 225Le
(100.0 µg·ml-1). The ratio of ODAg/ODcontrol for strain H428
was changed from 2.7 to 2.6 after incubation with mAb 225Le.
The value of adhesion assay for strain H507 was showed
minimal change from 1.1 to 1.0. No difference of the ratio of
ODAg/ODcontrol was observed when the bacteria were incubated
with different concentrations (1.0, 10.0, and 100.0 µg·ml-1) of
mAb 225Le, which suggested that Leb expression in H. pylori
did not interfere with the bacterial adhesion to Leb.
Effect of mixed Lewis expression on bacterial adhesion property
Of the 63 H. pylori strains tested, 55 expressed 2 or more Lewis
antigens (Lea, Leb, Lex or Ley), and the remaining 8 strains
expressed 1 Lewis antigen. Among the 55 strains with expression
of 2 or more Lewis antigens, 42 (76.4 %) were positive for
adhesion to immobilized Leb compared with 6 (75 %) of 8 strains
with 1 Lewis antigen expression (P=1.000). Furthermore, the
ratio of ODAg/ODcontrol was not significant difference between
the strains with expression of 2 or more Lewis antigen and
strains with 1 Lewis antigen (2.3±0.7 vs 2.2±0.8, P=0.836).
DISCUSSION
Attachment of H. pylori to gastric epithelium is important for
its colonization and survival. This adhesion property protects
the bacteria from the displacement from the stomach by gastric
emptying and peristalsis[12]. A recent study has demonstrated
that the H. pylori blood-group antigen-binding adhesin, BabA,
facilitates bacterial colonization and augments a nonspecific
immune response[13]. The fucosylated blood group antigens of
Leb and H type 1 have been proposed as receptors of H. pylori[4].
In addition, a study using transgenic mice expressing the human
Leb epitope in gastric epithelial cells indicated that Leb antigen
functioned as a receptor for H. pylori adhesin and mediated its
attachment to gastric pit and surface mucous cells. However,
following the observation[5] that some H. pylori strains also
express Leb, the question on the possible role of host Leb as a
receptor for H. pylori has been raised by Wirth et al[5] as well
as Clyne and Drumm[6]. Furthermore, if host Leb is the principle
receptor for H. pylori, one might then expect a decreased
prevalence of H. pylori in the secretor subjects because Leb
present in saliva or gastric mucus in secretor individuals would
competitively inhibit the binding of H. pylori. However,
numerous studies have shown that there is no association
between prevalence of H. pylori and host secretor status[14],
which indicates that competitive inhibition by Leb in gastric
mucus in secretor individuals may not be able to effectively
prevent the colonization of H. pylori.
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In this study, it was shown that there was no significant
difference between Leb-positive and Leb-negative H. pylori
strains with respect to their ability to adhere to immobilized
Leb, mimicking the epithelial cell Leb antigen. This suggests
that expression of Le b in H. pylori strains in our study
population does not interfere with the bacterial adhesion to
immobilized Leb in vitro. Furthermore, the blocking experiment
using anti-Leb mAb on two Leb expressing strains (H428 and
H507) showed that the expression of Leb in H. pylori had no
effect on the adhesion property of H. pylori. Additionally, our
study population are mainly of Chinese origin which are
predominantly Le (b+) phenotype[8], and H. pylori strains
isolated from Asian population have a tendency to express type
1 Lewis antigen (Lea and Leb)[7, 8]. However, a high prevalence
of H. pylori infection has been found in this population. These
data further support our observation that expression of Leb in H.
pylori does not affect the bacterial adhesion.
Our previous study found that increased expression of Lewis
antigens in H. pylori was associated with peptic ulceration in
our population[8]. We, therefore,attempted to determine whether
strains with Lewis antigen expression have advantage for
binding to immobilized Le b, but only observed that the
increased expression of a combination of Le antigens in H.
pylori had no influence on bacterial adhesion.
The chemical structures of Lea, Leb, Lex, Ley, iantigen, H
type 1 and blood group A antigens expressed by H. pylori
have been elucidated[7,15,16]. These antigens are also expressed
on gastric mucosa[14]. The possible interaction between Lewis
antigens expressed by H. pylori and gastric epithelium is
intriguing. Lex-Lex homotypic interaction has been found to
be important in eukaryotic cell interaction, and Lex structure
has recently been proven to be involved in the formation of
adhesion pedestal between H. pylori and gastric epithelium[14].
More recently, Lex structure in H. pylori has been demonstrated
to promote the bacterial adhesion to gastric epithelium[17].
However, Leb-Leb homotypic interaction has not been proven,
and our in vitro study does not support such an interaction of
H. pylori LPS Leb with epithelial Leb. The next question is
how a H. pylori population can manage to exist as single
bacterium in vivo but not autoaggregative, when bacterium
expresses both BabA adhesin and Leb? H. pylori lectins such
as BabA may evolve an ability to distinguish between host
and bacterial ligands based on differences in their core
structure, and thus avoid bacterial autoaggregation[18, 19].
In conclusion, expression of Leb blood group antigen in H.
pylori strains in our Asian population does not interfere with
the bacterial adhesion to immobilized Leb on microtitre plate.
This result supports the notion that host Leb present on the
gastric epithelium is capable of being a receptor for H. pylori.
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Abstract
AIM: There is increasing evidence that alcohol-induced liver
damage may be associated with increased oxidative stress.
We aimed to investigate free-radical scavenger effect of nacetylcysteine in rats intragastrically fed with ethanol.
METHODS: Twenty-four rats divided into three groups were
fed with ethanol (6 g/kg/day, Group 1), ethanol and nacetylcysteine (1 g/kg, Group 2), or isocaloric dextrose
(control group, Group 3) for 4 weeks. Then animals were
sacrificed under ether anesthesia, intracardiac blood and
liver tissues were obtained. Measurements were performed
both in serum and in homogenized liver tissues.
Malondialdehyde (MDA) level was measured by TBARS
method. Glutathione peroxidase (GSH-Px) and superoxide
dismutase (SOD) levels were studied by commercial kits.
Kruskal-Wallis test was used for statistical analysis.
RESULTS: ALT and AST in Group 1 (154 U/L and 302 U/L,
respectively) were higher than those in Group 2 (94 U/L and
155 U/L) and Group 3 (99 U/L and 168 U/L) (P=0.001 for
both). Serum and tissue levels of MDA in Group 1 (1.84 nmol/
mL and 96 nmol/100 mg-protein) were higher than Group 2
(0.91 nmol/mL and 64 nmol/100 mg-protein) and Group 3
(0.94 nmol/mL and 49 nmol/100 mg-protein) (P<0.001 for
both). On the other hand, serum GSH-Px level in Group 1
(8.21 U/g-Hb) was lower than Group 2 (16 U/g-Hb) and
Group 3 (16 U/g-Hb) (P<0.001). Serum and liver tissue levels
of SOD in Group 1 (11 U/mL and 26 U/100 mg-protein)
were lower than Group 2 (18 U/mL and 60 U/100 mg-protein)
and Group 3 (20 U/mL and 60 U/100 mg-protein) (P<0.001
for both).
CONCLUSION: This study demonstrated that ethanolinduced liver damage is associated with oxidative stress,
and co-administration of n-acetylcysteine attenuates this
damage effectively in rat model.
Ozaras R, Tahan V, Aydin S, Uzun H, Kaya S, Senturk H. Nacetylcysteine attenuates alcohol-induced oxidative stress in
the rat. World J Gastroenterol 2003; 9(1): 125-128
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INTRODUCTION
Reactive oxygen intermediates contributes to the pathogenesis
of various hepatic disorders such as paracetamol intoxication,
hemochromatosis, toxic hepatitis, and alcoholic liver injury[1-4].
Increased oxygen radical production leads to lipid peroxidation
by induced cytochrome P4502E1[5,6]. Enhanced generation of
acetaldehyde was shown to cause lipid peroxidation in isolated
perfused livers[7]. Oxidative damage correlates with the amount
of ethanol consumed[8].
Antioxidants such as vitamin E have been suggested as
therapeutic options in acute and chronic liver diseases[9,10]. Nacetylcysteine (NAC) exerts a strong antioxidant activity, and
is the treatment of choice in acetaminophen intoxication. NAC
provides protection from toxic liver damage by elevating
intacellular glutathione concentrations[1,11]. It has also been used
in the treatment of CCl4 poisoning[12].
In this study, we tested whether NAC attenuates alcoholinduced free radical damage in the liver in a rat model.
MATERIALS AND METHODS
Male Wistar-Albino rats weighing 220-250 g obtained from
University of Istanbul Animal Research Laboratory were kept
in the same unit and fed chow (Eris Chow Industry, Istanbul,
Turkey) ad libitum. All rats had free access to tap water. All
animals received humane care in compliance with the National
Institutes of Health criteria for care of laboratory animals.
Twenty-four rats divided into three groups and were given
ethanol (Group 1) or both ethanol and NAC (Group 2) or
isocaloric dextrose (Group 3). NAC and alcohol were
administered respectively 4 hours apart. Ethanol and NAC were
given intragastrically at doses of 6 g/kg/day and 1 mg/kg/day
respectively.
All rats were sacrificed at 1 month under ether anesthesia.
After exploration of the thorax, intracardiac blood and liver
samples were quickly obtained. Serum alcohol levels were
measured on the day the rats were sacrificed.
Glutathione peroxidase levels in erythrocytes, serum alcohol
level and biochemistry were studied immediately. For the
remaining studies, serum and liver tissue samples were stored
at -70 .
Tissue Homogenization: Liver samples were weighed and
homogenized in 0.15 M NaCl for lipid peroxidation parameters
and for the other studies, and homogenates of 20 % were
obtained. Tissue homogenates were sonicated two times at 30
sec. intervals. Homogenization and sonication were performed
at 4 . After sonication, homogenates for lipid peroxidation
and biochemical studies were centrifuged at 3 000 rpm for 10
minutes and at 15 000 rpm for 15 minutes respectively. Aliquots
of the supernatants were used for both studies[13]. The assayed
parameters were expressed per mg protein and protein content
of the aliquots was determined by the method of Lowry et al [14].
Lipid peroxidation
Lipid peroxidation was measured by thiobarbituric acid
method, a modified form of the procedure described by Beuge
and Aust[15]. This method measures several aldehydes derived
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from lipid hydroperoxides and also known as TBARS
(thiobarbituric acid reactive substances) method.

30

Superoxide dismutase (SOD) level
Serum and homogenized liver tissue SOD levels were measured
by using commercial kits. (Randox-Ransod, Cat No:SD 125).
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Glutathione level
Glutathione concentration was determined according to the
method of Beutler et al[16]. using metaphosphoric acid for
protein precipitation and 5’ 5-dithiobis-2-nitrobenzoic acid for
colour development. Erythrocyte and tissue glutathione
concentrations were expressed as mg/grHb, mg/gr wet weight
respectively.

Figure 2 Serum (U/L) and tissue (U/g-protein) GGT levels.
Alc: alcohol, NAC: N-acetylcysteine, bP<0.001 vs control and
Alc+NAC group.

Glutathione peroxidase level
Serum and homogenized liver tissue glutathione peroxidase
levels were also measured by using commercial kits. (RandoxRansel, Cat No: RS 505).
Biochemical studies were performed by using autoanalyser
(Hitachi 717). Hemoglobin level was measured manually by
cyanmethemoglobin method.

Although serum ALP level in Group 1 (131.38±33.84 U/L)
tend to be higher than those in Group 2 (109.50±49.75 U/L)
and Group 3 (93.13±32.42 U/L), the difference was not
significant either. But tissue ALP level in Group 1 (26.88±3.31
U/g-protein) was significantly higher than those in Group 2
(12.63±2.67 U/g-protein) and Group 3 (11.25±2.49 U/gprotein) (P<0.001) (Figure 3).

Alcohol level
Serum alcohol level was measured by fluorescent polarizing
immunoassay using commercial kits (Abbot TDx, Cat No:
378190100).
Statistical analysis
All results are expressed as mean ±standard deviation.
Comparisons between the groups were performed by KruskalWallis variance analysis and a P value <0.05 was accepted as
statistically significant.
RESULTS
Blood alcohol levels of Group 1 and 2 were comparable
(207±33 mg/dL vs 182±27 mg/dL).
AST level in Group 1 (302.00±70.68 U/L), was higher
than those in Group 2 (155.25±24.07 U/L), and in Group 3
(168.25±32.08 U/L) (P=0.001). ALT level also in Group 1
(154.13±33.59 U/L), was higher than those in Group 2
(94.25±16.02 U/L), and in Group 3 (99.00±19.86 U/L)
(P=0.001) (Figure 1).
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Figure 1 Serum AST and ALT levels (U/L). Alc: alcohol, NAC:
N-acetylcysteine, bP=0.001 vs control and Alc+NAC group.

Although serum GGT level in Group 1 (8.50±3.16 U/L)
tend to be higher than those in Group 2 (8.25±3.92 U/L) and
Group 3 (6.88±3.76 U/L), the difference was not significant.
However tissue GGT level in Group 1 (18.75±5.90 U/g-protein)
was significantly higher than those in Group 2 (7.23±.6.09 U/
g-protein) and Group 3 (6.25±3.33 U/g-protein) (P<0.001)
(Figure 2).

Alc
Alc

Figure 3 Serum (U/L) and Tissue (U/g-protein) ALP levels
Alc: alcohol, NAC: N-acetylcysteine, bP<0.001 vs control and
Alc+NAC group.

Erythrocyte glutathione level was lower in Group 1 (356.2
±18.3 mg/g-Hb) when compared to Group 2 (387.8±13.1 mg/
g-Hb) and Group 3 (398.0±18.0 mg/g-Hb) (P<0.01) (Figure 4).
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Figure 4 Erythrocyte glutathione levels (U/g-Hb). Alc: alcohol,
NAC: N-acetylcysteine, bP<0.01 vs control and Alc+NAC group.

Blood glutathione peroxidase level was lower in Group 1
(8.21±1.15 U/g-Hb) when compared to Group 2 (16.04±2.38
U/g-Hb) and Group 3 (16.84±2.68 U/g-Hb) (P<0.001) (Figure
5). Also serum SOD level was lower in Group 1 (11.08±1.13
U/mL) when compared to Group 2 (17.92±0.81 U/mL) and
Group 3 (19.68±1.76 U/mL) (P<0.001). The same was true
for the tissue SOD levels: it was lower in Group 1 (26.04±8.49
U/ 100 mg-protein) when compared to Group 2 (59.96±10.23
U/ 100 mg-protein) and Group 3 (60.34±8.24 U/ 100 mgprotein.) (P<0.001) (Figure 6).
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Serum MDA level was significantly higher in Group 1
(1.84±0.14 nmol/mL) than those in Group 2 (0.91±0.14 nmol/
mL) and Group 3 (0.94±0.11 nmol/mL) (P<0.001) (Figure 7).
For the tissue levels, it was higher also in Group 1 (96.00±18.20
nmol/100 mg-protein) than those in Group 2 (64.00±11.63
nmol/100 mg-protein) and Group 3 (49.63±12.11 nmol/100
mg-protein) (P<0.001) (Figure 8).
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Figure 5 Blood glutathione peroxidase levels (U/g-Hb). Alc: alcohol,
NAC: N-acetylcysteine, aP<0.001 vs control and Alc+NAC group.
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DISCUSSION
Ethanol is capable of generating oxygen radicals, inhibiting
glutathione synthesis, producing glutathione loss from the
tissue, increasing malonyldialdehyde levels and impairing
antioxidant defense systems in humans and experimental
animals. Lipid peroxidation results from the increased oxygen
radical production by the induced 2E1[6]. Enhanced generation
of acetaldehyde was also shown to be capable of causing lipid
peroxidation in isolated perfused livers[7]. Lipid peroxidation
is not only a reflection of tissue damage, it may also play a
pathogenic role, for instance by promoting collagen
production[17]. The removal of the toxic metabolites is believed
to be the vital initial step in providing cell survival during
ethanol intoxication[18].
Genc et al[19]. used melatonin in preventing lipid peroxidation
due to acute alcohol intoxication. They found that melatonin
administration prior to alcohol did not alter MDA and GSH
levels of the tissue but an antioxidant enzyme (CuZn-SOD)
was higher in animals receiving alcohol+melatonin. However
since absorption and kinetics of this hormone are not widely
known, and its antioxidant effect depend on both the tissue
studied and the dose applied, the results of a melatonin study
may not reflect the effects of other antioxidants.
Nanji et al[20]. used thromboxane inhibitors in alcoholic liver
disease in rats. They found that treatment with thromboxane
inhibitors prevented necrosis and inflammation, and suggested
a role for the use of thromboxane inhibitors in the treatment of
alcoholic liver disease. Flora et al[21] tested NAC and a chelator
agent meso 2,3-dimercaptosuccinic acid combination in the
treatment of arsenic-induced oxidative stress, and found that
these agents had a capability of reversing the toxic effects.
Bruck et al [1] . have used NAC in the treatment of
thioacetamide-induced fulminant hepatic failure in the rat
model. They found no protective effect of NAC. In this model,
total hepatic glutathione content is not affected. Instead, other
free radical scavengers, dimethylsulfoxide and dimethylthiourea
having additional modes of action such as inhibition of nitric
oxide formation prevented liver injury.
The results of our study show that co-administration of NAC
diminishes oxidative stress, by increasing antioxidant enzymes.
This restoration of oxidant/antioxidant balance is reflected by
lower levels of transaminases, ALP, and GGT. Although the
decrease in serum level of the latter two enzymes was not
significant, tissue levels were lower. NAC has been used in
acetaminophen intoxication. It reduces the incidence of organ
failure and enhances survival[22]. It acts by reducing tissue
hypoxia, mediated by the activity of the nitric oxide/soluble
guanylate cyclase system[1]. Cysteine derived from NAC also
serves as a precursor of glutathione which forms conjugates
with carbon tetrachloride metabolites [23] and increases
intracellular glutathione concentrations[1]. In a recent study,
NAC - in a lower dose than used in the current study- has been
shown to prevent the fatty acid changes produced by ethanol
and also reduce inflammatory response by reducing the level
of prostaglandin[24].
Antioxidant protective mechanisms are both enzymatic and
nonenzymatic. Impairments in these defense systems have been
shown in alcoholics: alterations in ascorbic acid levels,
glutathione, selenium, and vitamin E have been observed[25,26].
Reduced hepatic alpha-tocopherol content after long-term
ethanol feeding in rats under adequate intake of vitamin E[27]
and also in alcoholics[28] has been reported. Alpha-tocopherol
level was found to be reduced in the blood of the alcoholics[29].
In addition to acetaldehyde and free radical generation by the
ethanol-induced microsomes, these deficient defense systems
were suggested to contribute to liver damage via lipid
peroxidation[17]. Lipid peroxidation is a reflection of tissue
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damage and plays a pathogenic role by promoting collagen
production[30].
A growing body of experimental and clinical experience
shows the importance of free radicals in ethanol-induced liver
damage. Free radical scavenging property may be beneficial
as ascertained by previous studies of NAC in both
acetaminophen and carbon tetrachloride intoxication. In this
rat model, we have used NAC to attenuate ethanol-induced
free radical damage. In both serum and tissue levels, we
observed a favorable result. The results of this study suggest a
role for NAC in the management of ethanol-induced liver
damage as a safe, cheap, and effective option.
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Abstract
AIM: To investigate the intragastric mechanisms for
regulation of gastric neuroendocrine functions during gastric
distention in isolated vascularly perfused rat stomach.
METHODS: Isolated vascularly perfused rat stomach was
prepared, then the gastric lumen was distended with either
5,10 or 15 ml pH7 isotonic saline during a period of 20 min.
During the distention, the axonal blocker tetrodotoxin (TTX),
the cholinergic antagonist atropine, or the putative
somatostatin-antagonist cyclo [7-aminoheptanoyl-Phe-D-TrpLys-Thr(Bzl)] were applied by vascular perfusion. The
releases of gastrin and somatostatin were then examined
by radioimmunoassay.
RESULTS: The graded gastric distention caused a significant
volume-dependent decrease in gastrin secretion [-183±75 (5
ml), -385±86 (10 ml) and -440±85 (15 ml) pg/20 min] and a
significant increase of somatostatin secretion [260±102 (5 ml),
608±148 (10 ml) and 943±316 (15 ml) pg/20 min]. In response
to 10 ml distention, the infusion of either axonal blocker TTX
(10-6 M) or cholinergic blocker atropine (10-7 M) had a similar
affect. They both attenuated the decrease of gastrin release
by approximately 50 %, and attenuated the increase of
somatostatin release by approximately 40 %. The infusion of
somatostatin-antagonist cyclo [7-aminoheptanoyl-Phe-D-TrpLys-Thr (Bzl)] (10-6M) attenuated the decrease of gastrin release
by about 60 %. Furthermore, combined infusion of the
somatostatin-antagonist and atropine completely abolished
distention-induced inhibition of gastrin release.
CONCLUSION: The present data suggest that distention of
isolated rat stomach stimulates somatostatin release via
cholinergic and non-cholinergic TTX-insensitive pathways. Both
somatostatin and intrinsic cholinergic pathways are responsible
for distention-induced inhibition of gastrin release.
Li YY. Mechanisms for regulation of gastrin and somatostatin
release from isolated rat stomach during gastric distention. World
J Gastroenterol 2003; 9(1): 129-133
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INTRODUCTION
Early in 1948, Grossman first proposed that intragastric
neurones could regulate gastric neuroendocrine response
to gastric distention independent of the extrinsic nervous
system [1], and later Schubert and Makhlouf reported that

distention of the distal part of the isolated rat stomach activates
the intrinsic VIP neurones and the intrinsic cholinergic mechanism,
thereby regulating gastrin and somatostatin release[2]. However,
the intrinsic pathways, independent of extrinsic nerves, which
are activated by gastric distention and which modify gastrin
release, have remained largely obscure until now.
After finding that distention of isolated rat stomach results
in an inhibition of gastrin release and that distention of the
extrinsically innervated stomach stimulates gastrin release in
vivo[3], we performed this study to examine the intragastric
mechanisms involved in regulation of gastrin and somatostatin
response to gastric distention. For the study, gastric distention
was performed in vitro in isolated vascularly perfused rat
stomach, an extrinsically denervated preparation that retains
the integrity of intramural neurones as well as intragastric
paracrine pathways[4-7]. In this model the effect of graded gastric
distention on the release of gastrin and somatostatin was
determined. The importance of the intrinsic nervous system
and, in particular, its cholinergic part was investigated by
performing distention in presence of the axonal blocker
tetrodotoxin (TTX) and the cholinergic antagonist atropine.
The putative somatostatin-antagonist cyclo [7-aminoheptanoylPhe-D-Trp-Lys-Thr(Bzl)] was employed in order to evaluate
the role of endogenous somatostatin on regulation of gastrin
release during gastric distention.

MATERIALS AND METHODS
Materials
Male Wistar rats (n=101), body weight 250-300 g (Charles River
WigaGmbH, Sulzfelden, Germany); dextran T-70 (Pharmacia,
Uppsala, Sweden); bovine serum albumine (Serva, Heidelberg,
Germany); cyclo [7-aminoheptanoyl-Phe-D-Trp-Lys-Thr(Bzl)]
(Bachem, Hannover, Germany); commercial gastrin-kit (Becton
and Dickinson, Heidelberg, Germany); tetrodotoxin (TTX),
atropine, somatostatin-14 and porcine gastrin-releasing peptide
(GRP) (Sigma Chemie, Munich, Germany).
Experimental design
We first prepared the rat stomach. The stomach was isolated
from rats fasted overnight using a procedure described by
McIntosh et al[8,9]. The isolated stomach was perfused through
the celiac artery in a single pass perfusion system at a rate of
1.5 ml/min with a modified Krebs-Ringer buffer solution. The
perfusion medium contained 4 % dextranT-70, 0.2 % bovine
serum albumin and 5.5 mM glucose and was gassed with 95 %
O2 and 5 % CO2. The gastric venous effluent was collected via
a catheter in the portal vein at two-minute intervals and frozen
immediately for subsequent radioimmunoassay. A further
catheter was placed in the stomach via the esophagus with the
tip at the cardia. A distal catheter was placed in the stomach at
the ligated pylorus to drain gastric contents.
After insertion of the gastric catheters, the lumen of the
stomach was gently rinsed with isotonic pH7 saline until clear.
Thereafter gastric lumen was continuously perfused with saline
(1.5 ml/min) during an equilibration period of 25 min and a
basal period of 10 min and the perfusate was allowed to flow
off via a distal catheter. Subsequently, graded gastric distention
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Radioimmunoassay
Gastrin levels in the venous effluent were measured by
radioimmunoassay as described elsewhere[13] employing a
commercial gastrin-kit. Somatostatin was determined as described
in detail previously[14], by employing antibody 80C which was
generously provided by Dr. R.H. Unger (Dallas, TX, USA).
Data analysis
All data are expressed as mean ± SE. Integrated peptide
secretion was calculated as the sum of the differences between
the value of each time point during gastric distention and the
mean value of the preceding baseline period. For statistical
evaluation of the point-to-point variations, the Friedman twoway analysis of variance was used, followed by the Wilcoxon
matched-pairs signed rank test if the former allowed rejection
of the null hypothesis. The difference in the values between
the treatment groups was statistically evaluated by analysis of
variance for multiple determinations. Differences resulting in
P-values of 0.05 or less were considered significant.
RESULTS
Effect of graded gastric distention on release of gastrin and
somatostatin
Graded distention of isolated rat stomach elicited a significant
and volume dependent decrease in gastrin release from a mean
baseline of 63±4 to a minimum of 50±3 pg/min (P<0.05; n=8),
during distention with 5 ml, from 69±6 to 41±3 pg/min (P<0.01;
n=15), with 10 ml and from 60±7 to 25±5 pg/min, and with 15
ml saline (P<0.01; n=8) (Figure 1). Gastrin secretion decreased
throughout the distention period and returned promptly to
baseline values after removal of the intragastric saline load.
Integrated gastrin release decreased during distention by183±75 pg/20 min (P<0.05) at 5 ml, by -385±86 pg/20 min
(P<0.01) at 10 ml, and by -440±85 pg/20 min (P<0.01) at 15
ml saline distention (Figure 2).
Somatostatin levels rose volume-dependently during
gastric distention from a mean baseline of 41±5 to a maximum
level of 61±6 pg/min (P<0.05) at 5 ml, from 40±5 to 92±12
pg/min (P<0.01) at 10 ml and from 39±6 to 116±22 pg/min
(P<0.01) at 15 ml saline load (Figure 1). After distention,
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somatostatin secretion decreased to its baseline level. The
integrated incremental somatostatin release was 260 ±102 pg/
20 min (P<0.05) during distention with 5 ml, 608±148 pg/20
min (P<0.01) during distention with 10 ml and 943±316 pg/
20 min (P<0.05) during distention with 15 ml saline (Figure 2).
Distention
100
80
Gastrin (pg/min)

was initiated by instillation of 5, 10 or 15 ml saline through the
esophageal catheter at a rate of 2 ml per 10 sec while the distal
catheter was blocked. After a distention period of 20 min the
distal catheter was reopened and the gastric lumen was again
perfused for a period of 20 min with saline. After instillation of
the saline load, a fluid filled pressure transducer was connected
to the esophageal catheter for recording of the intragastric
pressure. During distention, intragastric pressure increased to
5.0±0.4 cm water at 5 ml saline load, to 10.4±0.9 cm water at
10 ml saline load and to 15.0±1.1 cm water at 15 ml saline
load. The increase in intragastric pressure induced by the tested
distention volumes caused no visible mucosal damage and no
impairment of vascular perfusion.
For neural blockade, either the neurotoxin TTX (10-6 M) or
the cholinergic blocker atropine (10-7 M) was added to the
vascular perfusate. In further experiments the putative
somatostatin-antagonist cyclo [7-aminoheptanoyl-Phe-D-TrpLys-Thr(Bzl)] (10-6 M) was added to the perfusate alone or in
combination with atropine (10-7 M). Since the somatostatinantagonist did not completely abolish distention-induced
inhibition of gastrin release, its effectiveness was tested against
the inhibitory action of somatostatin-14 (10-8 M) on gastrin
release prestimulated by mammalia bombsin peptide GRP (10-8
M), which is well know in stimulating gastrin secretion[10-12]. In
each stomach only one experiment was performed.
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Figure 1 Release of gastrin and somatostatin from perfused rat
stomachs in control (n=8) and during gastric distention with 5
ml (n=8), 10 ml (n=15) and 15 ml (n=8) saline (mean ± SE)
Gastrin (pg/min)

ISSN 1007-9327

250

a

a

a

0
-250
-500
a

Somatostatin (pg/min)

130

1000

a

750
a

500
250
0
Con

5 mL

10 mL

15 mL

Figure 2 Integrated release of gastrin, somatostatin from perfused rat stomachs in control (n=8) and during gastric distention with 5 ml (n=8), 10 ml (n=15) and 15 ml (n=8) saline. (mean
± SE) aP<0.05 vs 10 ml distention in control

Effect of TTX and atropine on release of gastrin and
somatostatin during gastric distention
The axonal blocker TTX (10 -6 M) and the cholinergic
antagonist atropine (10 -7 M) elicited similar effects on
distention-induced inhibition of gastrin. The decrease of gastrin
release in response to distention with 10 ml saline was
attenuated by approximately 50 % [from -385±86 pg/20 min
to -189±89 pg/20 min (P<0.05 vs control) during infusion of
TTX (n=10), and to -224±95 pg/20 min (P<0.05 vs control)
during infusion of atropine (n=10)] (Figure 3). The effects of
TTX and atropine on distention-stimulated somatostatin release
were also nearly identical, and the incremental somatostatin
response to a 10 ml intragastric saline load was reduced about
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40 % [from 608±148 pg/20 min to 370±100 pg/20 min (P<0.05
vs control) in presence of TTX, and to 404±77 pg/20 min
(P<0.05 vs control) during infusion of atropine] (Figure 3).

Somatostatin(pg/min)

Gastrin(pg/min)

Effect of the somatostatin-antagonist on release of gastrin
during gastric distention
In presence of the somatostatin-antagonist (10 -6 M), the
decrease in gastrin release induced by gastric distention with
10 ml saline was significantly attenuated (-167±73 pg/20 min
with somatostatin-antagonist vs -385±86 pg/20 min without
somatostatin-antagonist; P<0.05,n=15). Combined
administration of the somatostatin-antagonist and atropine
(n=15) nearly completely abolished distention-induced
inhibition of gastrin release (Figure 3).
0
a

-250

a

a

a

a

a

-500
1000
750
500
250
0

10 mL 10 mL 10 mL 10 mL 10 mL
+TTX+Atro+SA +SA
+Atro

Figure 3 Integrated release of gastrin and somatostatin from
perfused rat stomachs during gastric distention with 10 ml in
control (n=15) and in presence of tetrodotoxin (TTX, 10-6 M; n=10),
atropine (Atro, 10-7 M; n=10), somatostatin-antagonist (SA, 10-6
M; n=15) and a combination of somatostatin-antagonist and atropine (n=15), (mean ± SE.). aP<0.05 vs 10 ml distention in control.

Effect of the somatostatin-antagonist on the inhibitory action of
exogenous somatostatin-14 on GRP-prestimulated gastrin release
Infusion of GRP (10-8 M) produced a significant increase in
gastrin release, from a baseline value of 58±6 to a maximum
of 136±11 pg/min. GRP-prestimulated gastrin release was
reduced significantly from 136±11 pg/min to 84±4 pg/min by
exogenous somatostatin-14 (10-8 M; n=11) (P<0.05). When
somatostatin-14 was removed from the perfusate, gastrin
release promptly returned to prestimulated levels. At a dose of
10-6 M the somatostatin-antagonist did not change the baseline
gastrin release, but completely blocked the inhibitory action
of exogenous somatostatin-14 on GRP-prestimulated gastrin
release (n=9). (Figure 4).
SS-A 10-6M
GRP 10-8M
SS 10-8M
Gastrin(pg/min)

160
120
80
GRP+SS-14
GRP+SS-14+SS-A

40
0

-10

0

10 20 30
Minutes

40

Figure 4 Effect of somatostatin-14 (10-6 M) on gastrin release
from perfused rat stomachs prestimulated by GRP (10-8 M) in
control (n=11) and during perfusion with somatostatin-antagonist (10-6 M; n=9).( mean ± SE.)
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DISCUSSION
It is well established that gastric distention in vivo activates
vagal mechanoreceptors within the gastric wall. The afferent
vagal nerve fibers activate brainstem neurones which regulate
vagal efferent fibers and thereby exocrine and endocrine
functions of the stomach[15-19]. Apart from this extrinsic nervous
system, the stomach itself contains regulatory systems within
the gastric wall such as intrinsic neurons and intrinsic paracrine
pathways[20-22]. The importance of these intragastric mechanisms
on regulation of gastrin in response to gastric distention is
largely unknown. Isolated perfused stomach allows examination
of the remaining intragastric regulatory mechanisms since this
model is separated from the extrinsic innervation and the
systemic humoral signals, whereas the integrity of intrinsic
neurocrine and paracrine pathways is maintained.
As previously reported, distention of the isolated stomach
causes a decrease of gastrin release in proportion to the applied
intragastric volume and intragastric pressure[3]. To examine
the functional role of the intragastric nervous system we
employed the neurotoxin tetrodotoxin (TTX) which blocks all
neural elements that are activated by an influx of Na+. This
comprises all the adrenergic and cholinergic neurons and,
presumably, the majority of peptidergic neurons as well. The
effect was observed while using a very low concentration of
TTX (10-6-10-8 M) which had no noticeable effect on other
membrane parameters[23]. The present data suggest that the
inhibition of gastrin release during gastric distention is mediated
in part by neural, particularly cholinergic, mechanisms.
However, the classical cholinergic neurotransmitter
acetylcholine and its stable analogue carbachol stimulate gastrin
release in vivo in the isolated stomach preparation and in
cultured antral G-cells[24-27]. Therefore the inhibitory effect of
the cholinergic system on gastrin release in our experiment
seems to be indirect, perhaps via peptidergic neurotransmitters.
Furthermore, the present data suggest that gastric distention
activates endogenous somatostatin through cholinergic and
non-cholinergic TTX insensitive pathways, and endogenously
released somatostatin can cause distention-induced inhibition
of gastrin release. Several studies have shown a reciprocal
relationship between stimulation of somatostatin and inhibition
of gastrin, suggesting a functional linkage between
somatostatin and gastrin release [28-32]. Accordingly, the
importance of endogenous somatostatin for regulation of
gastrin release is supported by studies with antisomatostatin
serum, demonstrating an augmented gastrin release after
neutralization of endogenously released somatostatin in
isolated rat stomach[33]. These findings imply that endogenous
somatostatin exerts its inhibitory effect on gastrin release via
intragastric mechanisms. The secretion and expression of
gastrin are under the paracrine control of somatostatin, produced
by D cells situated in close contact with gastrin-producing G
cells, and gastric D-cells extend the long cytoplasmatic
processes that terminate close to gastrin-secreting G-cells in
antral mucosa of both humans and rats[34,35]. This morphological
evidence for a paracrine mode of action is consistent with the
functional study results.
The putative somatostatin-antagonist cyclo [7aminoheptanoyl-Phe-D-Trp-Lys-Thr (Bzl)] has been described
as an antagonist of somatostatin in some peripheral tissues such
as endocrine rat pancreas, the papillary muscle of the guinea
pig heart and the ferret trachea, as well as in neural tissues
such as avian choroid, rat cortex, rat hippocampus and rat
pituitary[36]. In the present study the somatostatin antagonist
completely blocked the inhibitory effect of a high infusion
rate of somatostatin-14 on gastrin release. During infusion of
somatostatin-14 (10-8 M), somatostatin measured in the portal
venous effluent of the isolated rat stomach rose to levels
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between 1 000 and 1 600 pg/min, whereas somatostatin secretion
during gastric distention was only between 60 and 120 pg/
min. Since the inhibitory effect of exogenous somatostatin was
sufficiently antagonized by the dose of the somatostatinantagonist employed, it seems most likely that a sufficient
amount of antagonist was administered to block all the effects
of endogenously released somatostatin during gastric
distention. Therefore the residual inhibition of gastrin during
gastric distention in presence of the somatostatin-antagonist
seems to be independent of endogenous somatostatin and may
be mediated by inhibitory cholinergic pathways.
Schubert and Makhlouf have previously shown that low
distention of the antral part of the isolated rat stomach
stimulated somatostatin and inhibited gastrin release probably
via VIP-dependent mechanisms, whereas high distention
caused an increase in gastrin and a decrease in somatostatin
secretion via cholinergic pathways[2]. Distention of the whole
stomach seems to activate other regulatory mechanisms than
selective distention of the distal part of the stomach, since Debas
et al. have shown that distention of the oxyntic gland area of
the stomach can modulate antral gastrin release[37]. Furthermore
the mechanoreceptors in the antrum have been reported to
respond mainly to gastric contractions, while those located in
the corpus and fundus respond primarily to distention[38].
In conclusion, the present data suggest that distention of
the isolated rat stomach inhibits gastrin release via intrinsic
neurocrine and paracrine pathways. Both somatostatin and
intrinsic cholinergic pathways are responsible for distentioninduced inhibition of gastrin release. Somatostatin release is
activated by gastric distention through cholinergic and noncholinergic TTX-insensitive pathways.
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Abstract
AIM: To study the effects of tetrandrine (Tet) on calcium
release-activated calcium current (ICRAC), delayed rectifier
potassium current (I K), and inward rectifier potassium
currents (IK1) in isolated rat hepatocytes.
METHODS: Hepatocytes of rat were isolated by using
perfusion method. Whole cell patch-clamp techniques were
used in our experiment.
RESULTS: The peak amplitude of ICRAC was -508±115 pA
(n=15), its reversal potential of ICRAC was about 0 mV. At the
potential of -100 mV, Tet inhibited the peak amplitude of
ICRAC from -521±95 pA to -338±85 pA (P<0.01 vs control,
n=5), with the inhibitory rate of 35 % at 10 µmol/L and
from -504±87 pA to -247±82 pA (P<0.01 vs control, n=5),
with the inhibitory rate of 49 % at 100 µmol/L, without
affecting its reversal potential. The amplitude of ICRAC was
dependent on extracellular Ca2+ concentration. The peak
amplitude of ICRAC was -205±105 pA (n=3) in tyrode’s solution
with Ca2+ 1.8 mmol/L (P<0.01 vs the peak amplitude of
ICRAC in external solution with Ca2+ 10 mmol/L). Tet at the
concentration of 10 and 100 µmol/L did not markedly change
the peak amplitude of delayed rectifier potassium current
and inward rectifier potassium current (P>0.05 vs control).
CONCLUSION: Tet protects hepatocytes by inhibiting ICRAC,
which is not related to I K and IK1.
Zhou HY, Wang F, Cheng L, Fu LY, Zhou J, Yao WX. Effects of
tetrandrine on calcium and potassium currents in isolated rat
hepatocytes. World J Gastroenterol 2003; 9(1): 134-136
http://www.wjgnet.com/1007-9327/9/134.htm

INTRODUCTION
Tetrandrine (Tet) is a bisbenzylisoquinoline alkaloid from a
Chinese medicinal herb (stephania tetrandra S. Moore). In the
past decade, lots of studies demonstrated that Tet possessed
multiple bioactivities, such as potential immunomodulating,
anticarcinoma [1] and protective effect on CCl 4-injured
hepatocytes[2]. It has also been used in the treatment of ischemic
heart diseases[3] and hypertension[3,4]. Recently, the antifibrotic
effects of Tet have been received considerable attention[1,5-10].
The former researches of Tet on the liver have probed into
cellular and molecular levels[9,10]. In the present paper, we used

whole-cell patch-clamp technique to observe the effects of Tet on
ICRAC, IK , IK1 in normal isolated rat hepatocytes, in order to have a
better understanding its hepatoprotective and antifibrotic effects.

MATERIALS AND METHODS
Solutions and drugs
Tet was from Jinhua Pharmaceutical Co. The stock solution
(10 mmol/L) was dissolved in distilled water after acidification
with 0.1 mol/L HCl and neutralized with 0.1 mol/L NaOH.
Ca2+-free Hank’s solution was prepared without Ca2+ and Mg2+.
KB solution contained (mmol/L): glutamic acid 70, taurine
15, KCl 130,KH2PO4 10, HEPES 10, glucose 11, egtazic acid
0.5, pH was adjusted to 7.4 with KOH. The external solution
used to record Icrac contained (mmol/L): NaCl 140, KCl 2.8,
CaCl2 10, MgCl2 0.5, glucose 11, HEPES 10, pH was adjusted
to 7.4 with NaOH. The internal solution used to record ICRAC
contained (mmol/L): potassium-glutamate 145, NaCl 8, MgCl2
1, Mg-ATP 0.5, egtazic acid 10, HEPES 10, pH was adjusted
to 7.2 with KOH. The external solution used to record IK
contained (mmol/L): NaCl 144, KCl 4, CaCl2 1.8, MgCl2 0.53,
NaH2PO4 0.33, glucose 5.5, HEPES 5, pH was adjusted to 7.4
with NaOH. The internal solution used to record IK contained
(mmol/L): KCl 130, K2ATP 5, creatine phosphate 5, HEPES
5, pH was adjusted to 7.2 with KOH. The same external and
internal solutions used to record IK1 contained(mmol/L): KCl
7,MgCl2 2, egtazic acid 1, potassium-glutamate 130, HEPES
10, pH was adjusted to 7.4 with KOH.
Isolation of single hepatocytes
Hepatocytes were isolated with the modified method reported
by Seglen[11]. Briefly, adult wistar rats of either sex (175±25 g)
were anesthetized by intraperitoneal injection of pentobarbital
sodium (50 mg/kg). The portal vein was cannulated and
perfused with oxygenated Ca2+-free Hank’s solution 30 ml/
min at 37 for 4-5 min followed by perfusion with Ca2+-free
Hank’s solution containing collagenase (Type 1, Sigma) (0.3g/
L) for 10 min. The liver was chopped in 10 ml Ca2+-free Hank’s
solution. The cell suspension was filtered through 200 mesh
gauze and then centrifuged three times (50 g, 2 min) to separate
liver cells. Cells were plated onto the coverslips and incubated
in KB medium for 2 hour and preserved in DMEM at 4 .
Electrophysiologic recording
Whole-cell recordings were performed using an PC-II patch
clamp amplifier (Huazhong university of science and
technology). The recording chamber (1.5 ml) was perfused
with the corresponding external solution. The pipettes were
pulled in two stages from hard glass capillaries using a vertical
microelectrode puller (Narishige, Japan). Electrode has a
resistance of 2-5MΩ for whole-cell recording when filled with
electrode internal solution. All experiments were conducted
at 22±2 .
Statistic analysis
The data were expressed as x±s. Statistical significances were
analyzed by a unpaired t-test. A value of P <0.05 was considered
significant.
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RESULTS
Effect of Tet on calcium release-activated calcium current (ICRAC)
ICRAC was elicited for 200 ms from the holding potential of 0 mV
to various potentials ranging from -10 mV to +80 mV with the
step of 20 mV every 5 s[12]. The peak amplitude of ICRAC was 508±115 pA (n=15) and the reversal potential of ICRAC was
about 0 mV, the current was steady and without run-down in
5 mins. Tet inhibited the peak amplitude of ICRAC from -521±95
pA to -338±85 pA (P<0.01 vs control, n=5), with the inhibitory
rate of 35 % at 10 µmol/L and from -504±87 pA to -247±82
pA (P<0.01 vs control, n=5), with the inhibitory rate of 49 %
at 100 µmol/L. Tet did not affect the shape of its current voltage
curve (Figure 1,2).
80 mV
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Effect of Tet on delayed rectifier potassium current(IK)
IK was elicited by 900 ms depolarization steps from +30 mV to
+140 mV with step of 10 mV at holding potential of -50 mV[13].
Tet at 10 and 100 µmol/L did not change the peak amplitude
of IK [from 2014±686pA to 2030±692pA and 2047±710pA
respectively, n=5, cells from 3 rats, P>0.05]. Tet did not affect
the shape of its current voltage curve.
Effect of Tet on inward rectifier potassium current(IK1)
IK1 was elicited by a number of step pulses (40 ms) from the
holding potential (Eh) of 0 mV to test potentials from -200
mV to +175 mV with the step of 10 mV[14]. Tet at 10 and 100
µmol/L did not change the peak amplitude of I K1 [from
2254±718pA to 2239±700pA and 2224±658pA respectively,
n=5 ,cells from 3 rats, P>0.05]. Tet did not affect the shape of
its current voltage curve.

0 mV
-100 mV

control

Tet l0 µmol/L

５００ ｐＡ

Tet l00 µmol/L

20 ms

Figure 1 Effect of Tet on ICRAC in isolated rat hepatocytes. ICRAC
traces before and after Tet 10 µmol/L and 100 µmol/L. ICRAC was
elicited for 200 ms from the holding potential of 0 mV to various
potentials ranging from -100 mV to +80 mV with step of 20 mV.
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Figure 2 Effect of Tet on I-V relationship of ICRAC in isolated rat
hepatocytes. Especially at the potential of -100 mV, Tet inhibited
the peak amplitude of ICRAC with the inhibitory rate of 35 % at
10 µmol/L and with the inhibitory rate of 49 % at 100 µmol/L.
control;
10 µmol/L; ▼ 100 µmol/L.

The amplitude of ICRAC was dependent on extracellular Ca2+
concentration. The peak amplitude of ICRAC was -205±105 pA
(n=3) in tyrode’s solution with Ca2+ 1.8 mmol/L (P<0.01 vs
the peak amplitude of ICRAC in external solution with Ca2+ 10
mmol/L). Tet at 10 µmol/L decreased ICRAC from -205±105
pA to -148±96 pA (n=3).

DISCUSSION
Hepatic fibrosis is a common consequence of chornic liver injury
from many causes[15-19], and the sustained hepatic injury is a
primary factor for hepatic fibrogenesis [20-28]. Preventing
hepatocyte from injury is a matter of primary importance in
blocking the fibrogenic pathway. Tet has been considered as an
effective antifibrotic and hepatoprotective agent[1,2,5-10], but its
protection against toxic cell death has never been well illustrated.
The Ca2+ influx is mainly mediated by voltage-operated Ca2+
channels and receptor-activated Ca 2+ channels. Voltageoperated Ca2+ channels are not present in hepatocytes[29].
Calcium influx in isolated hepatocytes mainly depend on
receptor-mediated Ca2+ entry which has been identified by
indirect methods[30]. Previous studies have shown that one type
of receptor-activated Ca 2+ channels, most likely a storeoperated Ca2+ channel, in freshly isolated rat hepatocytes is
inhibited by high concentrations of L-type voltage-operated
Ca2+ channels antagonists[30,31]. Besides, the mRNA encoding
isoforms of L-type voltage-operated Ca2+ channels has been
detected in rat hepatocytes, these observation suggested that
receptor-activated Ca2+ channels in rat hepatocytes exhibit
some characteristics of voltage-operated Ca2+ channels[32]. Cui
et al reported that ICRAC (an important sub-type of store-operated
Ca2+ channels) existed in isolated rat hepatocytes and 50 µmol/
L of verapamil, diltiazem and nifedipine could decrease the
amplitude of ICRAC effectively[12]. The results in our experiment
showed that Tet at the concentration of 10 and 100 µmol/L could
decrease the peak amplitude of I CRAC. The concentration that
Tet made a half-maximal inhibition of ICRAC was approximately
100 µmol/L, which was substantially higher than that needed
for the half-maximal inhibition of L-type voltage-operated Ca2+
channels by Tet. It suggested that Tet could protect hepatocytes
by inhibiting I CRAC and decreasing intracellular Ca 2+
concentration, in which a higher concentration of Tet was needed.
Nietsch’s study demonstrated that the activation of potassium
and chloride channels by TNF-α induced apoptosis and death
of the HTC rat hepatoma cells, which could be significantly
delayed by K+ channel blockers (Ba2+ and quinine)[33]. Our result
showed that Tet had no effect on IK and IK1, which suggested that
the hepatoprotection of Tet might not relate to potassium channels.
However, whether calcium activated potassium channels exist in
rat hepatocytes or not remains controversial[34,35]. The effect of
Tet on potassium channels requires further investigation.
In conclusion, Tet protects hepatocytes by inhibiting ICRAC,
which is not related to I K and IK1.
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Abstract
AIM: To investigate the influence of immune tolerance
induced by intrauterine exposure to fetal hepatocytes on
liver transplantation in the adult rat.
METHODS: LOU/CN rat fetal hepatocytes were injected
into the fetuses of pregnant CHN rats (14-16 days of
gestation). At 7-9 weeks of age, the surviving male rats
received orthotopic liver transplantation (OLT) from male
LOU/CN donors and the survival period was observed and
monitered by mixed lymphocyte reaction assay and
cytotoxicity test.
RESULTS: (1) A total of 31 pregnant CHN rats with 172
fetuses received fetal hepatocytes from LOU/CN rats via
intrauterine injection. Among them, thirteen pregnant rats
showed normal parturition, with 74 neonatal rats growing
up normally. (2) The mean survival period after OLT in rats
with fetal exposure to fetal hepatocytes was 32.1±3.7 days,
which was significantly different from the control (11.8±2.3
days, P<0.01) in rats without fetal induction of immune
tolerance. (3) Mixed lymphocyte proliferation assays yielded
remarkable discrepancies between the groups of rats with- or
without fetal exposure to fetal hepatocytes, with values of
8 411±1 361 and 22 473±1 856 (CPM±SD, P<0.01) respectively.
(4) Cytotoxicity assays showed values of 21.2±6.5 % and
64.5±7.2 % (P<0.01) in adult rats with or without fetal
induction of immune tolerance.
CONCLUSION: Intrauterine injection of fetal hepatocytes into
rat fetuses can prolong the survival period of liver transplant
adult male rats recipients, inducting immune tolerance in OLT.
Yang YL, Dou KF, Li KZ. Influence of intrauterine injection of
rat fetal hepatocytes on rejection of rat liver transplantation.
World J Gastroenterol 2003; 9(1): 137-140
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INTRODUCTION
In both experimental study and clinical practice, rejection
responses induced by organ transplants necessitate the use of
potent immunosuppressive drugs [1-7]. It should be noted,
however, that excessive dosage of immunosuppressive agents
may result in severe side effects such as hypertension and

hepatic and/or renal toxicity. Moreover, prolonged usage of
immunosuppressants often leads to severe infection and
increased susceptibility to malignancy, thus critically affecting
the health of recipients. Particularly in juvenile patients,
immunosuppressive drugs can lead to stunted growth. It is
therefore imperative to assess, as an alternative to
immunosuppressants, the protective effect of induced immune
tolerance on organ transplantation. The ideal strategy is to
induce a low responsiveness or irresponsiveness in the
recipients toward donors’ grafts, while preserving normal
immunological functions for the recognition of tumor antigens
and prevention of infection. Thus immunosuppressive agents
can be avoided or be used at dramatically reduced dosage.
The key steps toward successful transplantation therefore
include either attenuated immune reactions or induced immune
tolerance to grafts[8-15].
In utero, the stem cell transplantation represents a new
therapeutic approach of experimental nature toward the
treatment of hematopoietic diseases, immunodeficiency
diseases, metabolic disorders and genetic diseases[16-19]. Some
reports support the possibility of using this method to induce
immunologic tolerance in both human subjects and animals
receiving organ transplantation[20-22]. But the effect of in utero
fetal exposure to fetal hepatocytes on liver transplantation in
adulthood is unclear. In the present study, we injected fetal
hepatocytes intraperitoneally into rat fetuses and then performed
orthotopic liver transplantation (OLT) in surviving adult male
rats. Some parameters were tested in order to confirm the antirejection effect of in utero injection of fetal hepatocytes.

MATERIALS AND METHODS
Animals
Male and female LOU/CN and CHN rats weighing 200-250 g
were obtained from the Laboratory Animal Center of The Fourth
Military Medical University, and fed with standard rat chow.
Timed pregnancy of CHN rats
Male CHN rats, or male LOU/CN rats, were housed individually
in standard cages with a metal divider with 0.25-inch holes. One
female CHN or LOU/CN rat was placed in the corresponding
empty side. The cage divider was then removed 48 hrs later.
Pairs of CHN or LOU/CN rats were allowed to mate overnight
separately. The pairs were then separated with the females placed
singly in cages. The presence of vaginal plug marked day 0 of
gestation. Normal gestation is about 21 days.
Preparation of LOU/CN fetal rat hepatocytes
Pregnant LOU/CN females were killed by cervical dislocation
at 15 to 16 days of gestation. All subsequent handling was
done under sterile conditions. The uterine horns were removed
and dissected in phosphate-buffered saline (PBS). Fetuses were
separated from decidua and extraembryonic membranes and
transferred to 35 mm petri dishes filled with PBS. Fetal livers
were removed, with 5 to 10 livers placed in 1 to 2 ml RPMI
1640 medium (GIBCO BRL, Grand Island, CA) with 15 %
fetal calf serum (FCS, GIBCO BRL, Grand Island, CA). Cell
suspensions were prepared by repeated pipetting of the livers
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through a 23-gauge needle attached to a 1ml pipette. The
mononuclear cells were separated by centrifugation at 500 g
for 20 minutes and filtered through a Nitex filter with a 41 µm
pore size (Huamei chemical company, Henan province, China).
Cell viability counting (usually greater than 90 %) was done
using trypan blue exclusion test, and the final cell suspension
was prepared in PBS/15 % FCS at a concentration of 5×107/ml.
The cell suspension was used for intrauterine injection within
4 hours of preparation.

In utero intraperitoneal injection into CHN rat fetuses with
LOU/CN fetal rat hepatocytes
Micropipettes were prepared from capillaries using a Brown
and Flaming micropipette puller. The end of the needle was
cut under a microscope with ophthalmological forceps, and
the tip was sharpened on a micro-grinding wheel. Pregnant
(11 to 13 days of gestation) CHN rats were anesthetized i.p.
with sodium pentobarbital, and the uterine horns were
exteriorized with ophthalmological forceps. Fetal hepatocytes
from LOU/CN rats were injected into CHN fetuses through a
hand-drawn glass micropipette with a beveled edge. The
placenta was penetrated at an oblique angle. The number of
cells injected per fetus was 10 6 (about 5×10 10 cells/kg of
recipient weight), except in experiments in which the effects
of different cell concentrations and volumes of cell suspension
used were examined. Muscle layers were closed with 4-0 silk
suture, and 1-0 silk thread was used for skin suture.
Orthotopic liver transplantation (OLT)
Orthotopic whole-liver transplantation was performed[23-26]
using the simplified cuff technique for portal and intrahepatic
vena cava anastomosis, whereas the hepatic artery was not
reconstructed. The twenty male CHN rats, aged 7 to 9 weeks
that survived intraperitoneal injection with fetal liver cells from
LOU/CN rats, were taken as graft recipients, with normal male
LOU/CN rats as liver donors. Both donors and recipients were
anesthetized with methoxyflurane. After explantation, livers
were stored at 0-4
for 1 hr in UW solution. Grafts were
connected to suprahepatic vena cava with a running 7-0 prolene
suture. We insert cuffs into the corresponding vessels, and
anastomose the bile duct and hepatic artery over an intraluminal
polyethylene splint. Transplantation required less than 40 min,
while the portal vein was clamped for 12-15 min during this
period. After transplantation, the recipients had free access
to standard laboratory chow and tap water. Animals that died
within 3 days were considered technical failures and were
excluded from data collection. The rate of success of liver
transplantation was more than 90 % in this study. Five rats
were sacrified at 5 days after OLT. Immediately before
sacrifice, the livers were removed for histological
investigation. Liver samples from 10 normal male CHN rats
were taken as controls.
Mixed lymphocyte reaction assay
Mixed spleen cells were used for setting up lymphocyte
cultures. Briefly, the spleens were aseptically removed from
experimental CHN rats that survived in utero intraperitoneal
injection of fetal LOU/CN rat liver cell, and from control CHN
rats. Then they were separately disrupted mechanically using
a pair of sterile forceps. LOU/CN spleen cells were treated
with 25 µg/ml mitocin-C (Kyowa Hakko Kogyo, Tokyo, Japan)
at 37 for 45 min. Then the two groups of cells were washed
by PBS, followed by lysis of erythrocytes in Tris-NH4Cl
solution (pH 7.2). After further washes, the cells were finally
resuspended in RPMI 1640 with 10 % FCS. The numbers of
two groups of spleen cells were adjusted, and 5×105 spleen
cells from each of the two sources were mixed together (final
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volume 0.2 ml) and added to triplicate wells of 96-well roundbottomed microtiter plates. Cells were cultured for 120 hr, and
1 u Ci [3H]-thymidine was added into wells 18hr before cell
harvesting. Radioactive thymidine incorporation rate was
measured by a liquid scintillation counter (1205 Betaplate),
with data expressed as CPM±SD[27,28] .

Complement-dependent cytotoxicity test
Recipient CHN rats were tested one week after OLT for
complement-dependent cytotoxicity test against lymphocytes
suspensions from LOU/CN donor rats. Sera from recipients
were prepared and added into the wells of 96-well roundbottomed microtiter plates (1 µl per well). Then 1 µl
lymphocytes (about 2 000 cells per 1 µl volume) were added
into the same wells. They were gently mixed and incubated
for 30 min at 22 ±2 , then 5 µl rabbit complement (Huamei
chemical company, Henan province, China) was added, and
the mixture incubated for 60 min at 22 ±2 . Afterwards,
the mixtures were stained with eosin (50 g/L) for 5 min. The
cells were fixed in 36 % formalin for 2 hr and observed with
an inverted phase-contrast microscope (Olympus, Tokyo,
Japan). Cytotoxicity was determined by eosin exclusion and
percentage enumeration of cells killed by sera from OLT[29,30].
Histology
Livers from CHN rats that underwent OLT were fixed in 10 %
neutral formalin for five days and then embedded in paraffin.
Five micron sections were cut and stained with hematoxylin
and eosin for histological examination. Sections from normal
rat livers served as controls.
Diagnostic criterion of graft rejection
Several diagnostic criteria were used to determine the existence
of rejection response following hepatic transplantation. The
first is survival of recipients over 7 days post-transplantation.
The second entails the occurrence of acute hepatic dysfunction
as typified by inappetence, weight loss, auricle or nail jaundice,
depressed mood, with incidental diarrhea or ascites in some
cases. The third criterion involves typical histological changes,
such as enlarged liver bulk, yellowish white appearance of the
liver, and the presence of liver conglutination to muscles or
abdominal walls, and viscera. Also frequently encountered are
apparent degeneration or necrosis of hepatic cells, and
infiltration of numerous lymphocytes, especially at liver
sinusoidal area. The fourth denotes the presence in good
condition of the recipients plus good appetite, accompanied
with normal weight 3 days after successful transplantation.
The recipients that died from post-surgical complications such
as necrosis of bile duct, intra-abdominal hemorrhage and
infection were excluded from data collection.
Statistics
All the data were analyzed by Student’s t test and expressed as
mean ±S. The statistical difference P<0.05 was considered
significant and P<0.01 as very significant.
RESULTS
Influence of intraperitoneal injection into fetus in utero on
survival of neonatal CHN rats
Thirty-one pregnant CHN recipients who later delivered 172
fetal CHN rats were injected into their fetuses with isolated
fetal hepatocytes from LOU/CN rats. Among them, eleven
pregnant females died from various surgical complications,
and seven females aborted or consumed their litters. There
were 17 pregnant rats with normal parturition, and 74 neonatal
rats grew up normally.
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Suppression of rejection response to rat liver transplantation
after intrauterine injection
The mean survival period of rats with fetal intraperitoneal
injection of fetal hepatocytes prior to OLT was 32.1±3.7 day,
in comparison to control values of 11.8±2.3 day (P<0.01)
obtained from rats without this procedure.
Inhibitory effect of intraperitoneal injection in utero on mixed
lymphocytes reaction assay
Mixed lymphocytes reaction assay showed significant
differences in [3H]-thymidine incorporation rates in groups
of CHN rats that were either fetally exposed (8411±1361,
CPM±SD) or not (22473±1856, CPM±SD) to intraperitoneal
injection of fetal hepatocytes in utero (P<0.01).
Suppressive effect of fetal intraperitoneal injection in utero
on cytotoxicity test after rat liver transplantation in adulthood
Cytotoxicity test revealed percentage values of dead cells to
be 21.2±6.5 % vs 64.5±7.2 % (P<0.01) respectively from the
two groups of CHN rats with or without fetal intraperitoneal
injection in utero prior to OLT in the adult rats, the difference
being statistically significant.
DISCUSSION
With rapid advances in antenatal diagnostic technology, many
prenatal diseases (congenital metabolic liver disorders,
congenital heart disease and hemophilia, e.g.) can be diagnosed.
Therefore organ transplantation becomes a very useful choice
for treating these diseases in afflicted children. However, routine
regime of immunosuppression in use today suffered from many
serious side effects, including stunted growth seen in children
using most immunosuppressive drugs[31-34]. If we can induce
low responsiveness or even irresponsiveness in the recipients
to the donors’ grafts, immunosuppressive drugs can then be
used at much reduced dosage. Until now, low responsiveness
or irresponsiveness to the graft has not been achieved in clinical
practice. Therefore, induction of immunologic tolerance
becomes imperative in clinical transplantation[35-42].
Clonal deletion theory maintains that burst of cell
proliferation during embryonic period is very frequent, with
resultant formation of multiple specific clones of lymphocytes
capable of responding to respective antigens[43,44]. During
embryonic period, the lymphocyte clones encounter internal
antigens or artificially introduced antigens, with consequent
damage to, or suppression of these clones, the so-called
abstinence clones. In postnatal life, the abstinence clone
remains inactive to an internal antigen or an artificially
introduced foreign antigen that has been present in utero, a
status of immunologic tolerance in the adult to an antigen
following prior exposure during the embryonic period. On the
contrary, if a lymphocyte clone meets an antigen that has never
been introduced during the embryonic period, the specific
immunological response would ensue. According to the theory,
intrauterine injection is considered a useful tool for the
induction of immunologic tolerance, especially for clinical
transplantation. Some advantages of intrauterine injection for
evoking immunologic tolerance should be noted. Firstly,
because the host at fetal stage can’t recognize a foreign
substance and thus display immunologic tolerance to a xenogen
(the earlier the fetal stage of the host, the stronger the tolerance
effect to the antigen), no immunologic reaction is seen between
the host and ecdemic grafts. Therefore intrauterine injection
spares tissue-matching work needed in routine transplantation
and makes easier graft transplantation. Meanwhile,
immunologic tolerance induced by intrauterine injection makes
unnecessary pretreatment with immunosuppressive drugs, thus
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avoiding possible side effects of immunosuppressive agents
on the body. Secondly, fewer fetal liver cells are needed for
transplanting into the recipients during embryonic period because
of their small body size and weight. The latter assures little
influence and gentle torture for the recipients. Thirdly, in addition
to exempt from infection due to microorganism, the maternal
body offers adequate nutrition and energy to the fetuses, thus
the uterus can be seen as an ideal ‘isolation room’[45-51].
We also compared the effect of using rat spleen or bone
marrow cells, with that of fetal liver cells, for intraperitoneal
injection in utero into fetuses in pregnant rats. It was observed
that the survival birth rate using fetal liver cells was much
greater than that with spleen or bone marrow cells. Several
factors may help to explain the discrepancy. The most
important one may be that the response against the host is
induced by active lymphocytes located in the spleen or bone
marrow cells. In contrast, the main components of fetal liver
cells are hematopoietic stem cells possessing two effects, with
the first reducing graft versus host reaction, and the other for
the maintenance of chimerism because hematopoietic stem
cells are characterized by self-renewal and multipotential for
differentiation[52,53].
As evidenced by both in vivo and in vitro data in the present
study, the method of fetal hepatocytes in utero injection can
prolong the survival period of rat liver transplants. Although
complete immune tolerance can not be induced, partial immune
tolerance observed in our study is sufficient for liver
tranplantation. Further work will be needed to reveal if chimerism
is induced by transplantation itself, as well as its possible
influence on the immune system in the grafted recipients.
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Abstract
AIM: To investigate functional change of dendritic cells (DCs)
derived from allogeneic partial liver graft undergoing acute
rejection in rats.
METHODS: Allogeneic (SD rat to LEW rat) whole and 50 %
partial liver transplantation were performed. DCs from liver
grafts 0 hr and 4 days after transplantation were isolated and
propagated in the presence of GM-CSF in vitro. Morphological
characteristics of DCs propagated for 4 days and 10 days
were observed by electron microscopy. Phenotypical features
of DCs propagated for 10 days were analyzed by flow
cytometry. Expression of IL-12 protein and IL-12 receptor
mRNA in DCs propagated for 10 days was also measured by
Western blotting and semiquantitative RT-PCR, respectively.
Histological grading of rejection were determined.
RESULTS: Allogeneic whole liver grafts showed no features
of rejection at day 4 after transplantation. In contrast,
allogeneic partial liver grafts demonstrated moderate to
severe rejection at day 4 after transplantation. DCs derived
from allogeneic partial liver graft 4 days after transplantation
exhibited typical morphological characteristics of DC after 4
days’ culture in the presence of GM-CSF. DCs from allogeneic
whole liver graft 0 hr and 4 days after transplantation did
not exhibit typical morphological characteristics of DC until
after 10 days’ culture in the presence of GM-CSF. After 10
days’ propagation in vitro, DCs derived from allogeneic whole
liver graft exhibited features of immature DC, with absence
of CD40, CD80 and CD86 surface expression, and low levels
of IL-12 proteins (IL-12 p35 and IL-12 p40) and IL-12
receptor (IL-12Rβ1 and IL-12Rβ2) mRNA, whereas DCs from
allogeneic partial liver graft 4 days after transplantation
displayed features of mature DC, with high levels of CD40,
CD80 and CD86 surface expression, and as a consequence,
higher expression of IL-12 proteins (IL-12 p35 and IL-12 p40)
and IL-12 receptors (IL-12Rβ1 and IL-12Rβ2) mRNA than
those of DCs both from partial liver graft 0 hr and whole liver
graft 4 days after transplantation (P<0.001) was observed.
CONCLUSION: DCs derived from allogeneic partial liver graft
undergoing acute rejection display features of mature DC.
Xu MQ, Yao ZX. Functional changes of dendritic cells derived
from allogeneic partial liver graft undergoing acute rejection in
rats. World J Gastroenterol 2003; 9(1): 141-147
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INTRODUCTION
The shortage of donor organs remains a major obstacle to the
widespread application of liver transplantation in patients with
end-stage liver disease. Although split grafting was used to
increase the number of donor livers, the accelerated rejection
induced by liver regeneration[1,2] can interfere with the outcome
of these liver grafts. Therefore, It is important to investigate
the mechanism responsible for the accelerated rejection of split
liver grafting.
After organ transplantation, interstitial donor dendritic cells
(DCs) migrate to recipient lymphoid tissue. In the case of
experimental skin, heart, or kidney allografts, these cells have
been implicated as the principal instigators of rejection. Despite
similar patterns of donor DCs migration, liver grafts are
accepted without immunosuppressive therapy between MHCmismatched mouse, and certain rat strains, and induce donorspecific tolerance. These phenomena and the persistence of
donor hematopoietic cells, including DCs, in successful, longterm graft recipients, have raised important questions about
the possible role of donor DCs in liver transplant tolerance.
The capacity of DCs to initiate immune responses is determined
by their surface expression of MHC gene products and
costimulatory molecules (CD40, CD80 and CD86), and the
secretion of the immune regulator, interleukin (IL)-12[3-12].
Immature DCs resident in nonlymphoid tissues such as normal
liver are deficient at antigen capture and progressing [3,13],
whereas mature DCs, resident in secondary lymphoid tissues,
are potent antigen-presenting cells, which can induce naive Tcell activation and proliferation[3-7]. Immature DCs that express
surface MHC class II, but that are deficient in surface costimulatory
molecules, can induce T-cell hyporesponsiveness[13-15] and
inhibit immune reactivity[16,17]. It has been observed that liverderived [13,18] or bone marrow-derived immature DCs [17],
propagated in vitro and lacking surface costimulatory
molecules, can prolong heart or pancreatic islet allograft
survival. Whereas, marked augmentation of DCs numbers and
maturation of DCs in liver allografts by donor treatment with
the hematopoietic growth factor fms-like tyrosine kinase 3
(Flt3) ligand (FL) results in acute liver graft rejection[19, 20].
Recent findings have revealed increased immune responses
to regenerating allogeneic partial liver graft in rats[1, 2], but little
is known about the mechanism responsible for the accelerated
rejection. The purpose of this study was to investigate the
property of DCs isolated from allogeneic partial liver graft in
comparison with DCs isolated from allogeneic whole liver graft,
in an attempt to elucidate the possible mechanism responsible
for the accelerated rejection of allogeneic partial liver graft.
Given mature DC can induce naive T-cell activation and
proliferation[3-7], and consequently induce acute rejection[19,20],
we suspected that maturation of DCs derived from liver graft
would be a key inducer of the accelerated rejection of allogeneic
partial liver graft. In the present study, we first demonstrated
that DCs derived from partial liver graft undergoing acute
rejection displayed features of mature DC, including positive
expression of costimulatory molecules, higher level
expression of IL-12 protein and IL-12 receptor mRNA in
these mature DCs.
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MATERIALS AND METHODS
Animals
One hundred male LEW rats and one hundred male SD rats
weighing 220-300 g were used in all the experiments.
Allogeneic whole and 50 % partial liver transplantation were
performed using a combination of SD rats to LEW rats. The
animals were purchased from Chinese Academy of Science
and Sichuan University. They were maintained with a 12-hr
light/dark cycle in a conventional animal facility with water
and commercial chow provided ad libitum, with no fasting
before the transplantation.
Liver transplantation
All operation were performed under ether anesthesia in clean
but not sterile conditions. All surgical procedures were
performed from 8 a.m. to 5 p.m. Donors and recipients of
similar weight (±10 g) were chosen. Liver reduction was
achieved by removing the left lateral lobe and the two caudate
lobes, which resulted in a 50 % reduction of the liver mass.
Whole liver transplantation (WLT) and partial liver
transplantation (PLT) were performed with the two-cuff
method described by Kammada and Calne[21], Knoop et al[22]
and Uchiyama et al[23]. Briefly, the whole and partial liver were
perfused with 20 ml of chilled lactated Ringer’s solution
containing 200 U of heparin through the aorta. The liver was
removed and immersed in chilled University of Wisconsin
solution. Immediately after cuffs were placed on the portal
vein and the infrahepatic vena cava, the liver graft was perfused
with 8 ml of chilled University of Wisconsin solution through
the portal vein and 2 ml of the same solution through the hepatic
artery, and then the hepatic artery was ligated. Cold
preservation time was approximately 1 hr in all experiments.
After a total hepatectomy was performed in the recipient, the
suprahepatic vena cava was anastomosed in a continuous
fashion with 8-0 sutures. The portal vein and infrahepatic vena
cava were then connected by a 6-FG and 8-FG polyethylene
tube cuff, respectively. The bile duct was internally stented
with a 22-gauge i.v. catheter. The portal vein was clamped
for <18 min in all animals. In each group, the survival rate
after grafting was >89 % at 24 hr after surgery. Deaths that
occurred within this period were defined as resulting from
technical failure. Penicillin was given perioperatively.
Histology
Part of liver graft tissues 4 days after transplantation were
sectioned and preserved in 10 % Formalin, embedded in
paraffin, cut with microtome, and stained with hematoxylin
and eosin.
Propagation and purification of liver graft-derived DC
populations
DCs from liver graft 0 hr and 4 days after transplantation were
propagated in GM-CSF from nonparenchymal cells (NPC)
isolated from collagenase-digested liver graft tissue, as
described by Lu[18]. Nonadherent cells, released spontaneously
from proliferating cell clusters, were collected after 4 days’
and 10 days’ culture, and purified by centrifugation 500×g,
10 min at room temperature on a 16 % w/v metrizamide gradient
(DC purity 80-85 %).
Morphological and Phenotypical features of DCs
Morphological characteristics of DCs derived from liver graft
were observed by electron microscopy. Expression of cell
surface molecules was quantitated by flow cytometry as
described by Mehling et al[4]. Aliquots of 2×105 DCs propagated
for 10 days in vitro were incubated with the following primary
mouse anti-rat mAbs against OX62, CD40, CD80, CD86
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(Serotec, USA), or rat IgG as an isotype control for 60 min on
ice (1 µg/ml diluted in PBS/1.0 % FCS). The cells were washed
with PBS/1.0 % FCS and labeled with FITC-conjugated goat
anti-mouse IgG, diluted 1/50 in PBS/1.0 % FCS for 30 min
on ice. At the end of this incubation cells were washed, PBS
were added, and the cells were subsequently analyzed in an
FACS-4200 flow cytometer (Becton-Dikison, USA).

Semiquantitative RT-PCR for expression of IL-12R mRNA
in DCs
Analysis of expression of IL-12Rβ1 and IL-12Rβ2 mRNA was
determined by reverse transcription-PCR (RT-PCR)
amplification in contrast with house-keeping gene GAPDH.
Total RNA from 1×107 DCs propagated for 10 days in vitro
was isolated using TripureTM reagent (Promega, USA). Firststrand cDNA was transcribed from 1 µg RNA using AMV and
an Oligo (dT15) primer. PCR was performed in a 25 µl reaction
system containing 10 µl cDNA, 2 µl 10 mM dNTP, 2.5 µl 10×
buffer, 2.5 µl 25 mmol·L-1 MgCl2, 2 µl specific primer, 5 µl
water and 1 µl Taq. IL-12Rβ 1 and IL-12Rβ 2 were amplified
using specific primer for IL-12Rβ1[24] and IL-12Rβ2[25]. Specific
primers for GAPDH[26] were also used for control. Thermal
cycling of IL-12Rβ1 and IL-12Rβ2 and GAPDH primers were
performed as follows[25]: denaturation at 94
for 1 min,
annealing at 55 for 1 min, and extention at 72 for 1 min,
all cycling were performed for 35 cycles. The predicted PCR
product size were 331 bp for IL-12Rβ1, 1 200 bp for IL-12Rβ2
and 576 bp for GAPDH. PCR products of each sample were
subjected to electrophoresis in a 15g·L -1 agarose gel
containing 0.5 mg·L-1 ethidium bromide. Densitometrical
analysis using NIH image software was performed for
semiquantification of PCR products, and the expression level
of each sample were expressed by IL-12R mRNA/GAPDH
mRNA (%).
Western blotting for IL-12 protein expression in DCs
DCs cultured for 10 days in vitro were starved in serum-free
medium for 4hr at 37 . These cells were washed twice in
cold PBS, resuspended in 100 µl lysis buffer (1 % Nonidet P40, 20mM Tris-HCl, pH8.0, 137mM NaCl, 10 % glycerol,
2mM EDTA,10 µg/ml leupeptin, 10 µg/ml aprotinin, 1mM
PMSF, and 1 mM sodium orthovanadate), and total cell lysates
were obtained. The homogenates were centrifuged at 10 000×g
for 10 min at 4 . Cell lysates (20 µg) were electrophoresed
on SDS-PAGE gels, and transferred to PVDC membranes for
Western blot analysis. Briefly, PVDC membranes were
incubated in a blocking buffer for 1 hr at room temperature,
then incubated for 2 hr with Abs raised against IL-12 p35 (M19, goat anti-rat, Santa Cruz,CA), IL-12p40 (H-306, rabbit anti
-rat, Santa Cruz, CA). The membranes were washed and
incubated for 1 hr with HRP-labeled horse anti-goat or HRPlabeled goat anti-rabbit IgG. Immunoreactive bands were
visualized by ECL detection reagent.
Statistics
Statistic analysis of data was performed using the Student’s ttest; P<0.05 was considered statistically significant.
RESULTS
Histological rejection
Histology features of allografted livers were compared between
the whole and partial groups on Day 4 after transplantation,
allogeneic whole liver grafts demonstrated no rejection. In
contrast, partial liver grafts demonstrated moderate to severe
rejection, including inflammatory cellular infiltration in the
portal tract, andothelialitis and bile duct damage.
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Figure 1 Morphological characteristics of liver graft-derived DCs propagated for 4 days in the presence of GM-CSF. A: DC from
whole liver graft 4 days after transplantation (×1 200 b). B: DC from partial liver graft 4 days after transplantation (×600b).
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Figure 2 Expression of costimulatory molecules in DCs from liver grafts 4 days after transplantation by FCM. A: Expression of
CD40 in whole liver graft–derived DCs; B: Expression of CD40 in partial liver graft –derived DCs; C: Expression of CD80 in whole
liver graft –derived DCs; D: Expression of CD80 in partial liver graft -derived DCs; E: Expression of CD86 in whole liver graftderived DCs; F: Expression of CD86 in partial liver graft -derived DCs.
Mr×1000

1

2

3

4

Mr×1000
57.0

46.5
37.5

2

3

4

46.5
IL-12p40

28.0

37.5

20.5

28.0

60

WLT

50

PLT

b,d

40
30
20
10

Expression of IL-12p40

Expression of IL-12p35

IL-12p35

1

70

WLT

60

PLT

b,d

50
40
30
20
10
0

0
0h

4d

Times after liver transplantation

0h

4d

Times after livewr transplantation

Figure 3 Detection of IL-12 proteins in liver graft-derived DCs by Western blotting. Lanes 1: protein marker. Lanes 2-4: extracts
derived from DCs from liver graft 0 h after transplantation, whole liver graft (WLT) and partial liver graft (PLT) 4 days after
transplantation, respectively. Compared with 4 d WLT group, bP<0.001; Compared with 0 h PLT group,dP<0.001.

144

ISSN 1007-9327

bp

1

CN 14-1219/ R
2

3

World J Gastroenterol

January 15, 2003 Volume 9 Number 1
1

4

2

1543
1543
994
697
515
377
237

IL-12Rβ2

697
GAPDH

515

IL-12Rβ1

377

GAPDH

237
80
70

WLT

b, d

PLT

b, d

WLT
PLT

Expression of IL-12R

60

100
90
80
70
60
50
40
30
20
10
0

2 mRNA

1mRNA

4

994

90

Expression of IL-12R

3

bp

50
40
30
20
10
0
0h
4d
Times after liver transplantation

0h
4d
Times after liver transplantation

Figure 4 Detection of IL-12 R mRNA in liver graft-derived DCs by RT-PCR. Lanes 1: marker; Lanes 2- 4: extracts derived from DCs
from liver graft 0 h after transplantation, whole liver graft (WLT) and partial liver graft (PLT) 4 days after transplantation,
respectively. Compared with 4 d WLT group, bP<0.001; Compared with 0 h PLT group, dP<0.001.

Phenotypic characteristics of liver graft-derived DCs
propagated in vitro
After 4 days’ culture in the presence of GM-CSF, liver graftderived DCs were observed with electron microscopy, DCs
from whole liver grafts 0 hr and 4 days after transplantation
exhibited round shape, smaller body, bigger nucleus, and a
few shorter dendrites, whereas DCs derived from partial liver
graft 4 days after transplantation displayed typical
morphological features of DC including anomalous shape,
bigger body, and numerous longer dendrites (as shown in
Figure 1). Flow cytometry showed 80-85 % of DCs both from
whole and partial liver grafts strongly expressed rat DCspecific OX62 antigen molecule (as shown in Table 1), which
was suggested high purity DCs were obtained. After 10 day’
culture in the presence of GM-CSF, although DCs both from
whole and partial liver grafts exhibited typical morphological
features of DC by electron microscopy, flow cytometric
analysis showed (as shown in Figure 2 and Table 1) whole
liver graft-derived DCs displayed low amounts of costimulatory
molecules (CD40, CD80 and CD86), whereas DCs from partial
liver graft 4 days after transplantation expressed moderate to
high levels of these markers. These results suggested allogeneic
partial liver transplant could promote maturation of DCs
derived from partial liver graft.
Table 1 Comparison of expression of DC surface markers from
whole liver graft and partial liver graft (x±s, n=13)
Groups

OX62

Whole liver graft–DC

85.63±3.81

Partial liver graft–DC

88.42±5.75

b

CD40
7.24±1.87

CD80
6.58±2.39

CD86
7.01±2.54

50.18±3.26b 45.31±3.67b 43.29±2.03b

P<0.001 vs whole liver graft-DC

IL-12 protein expression in liver graft-derived DCs
To investigate the functional change of DCs derived from liver
grafts, we evaluated IL-12 protein expression in these DCs.
As shown in Figure 3, DCs derived from both whole and liver
grafts 0 hr after transplantation expressed detectable but low
levels of IL-12 p35 and IL-12 p40, and expression levels of

IL-12 p35 and IL-12 p40 in DCs from whole liver graft 4 days
after transplantation were similar to those of DCs from whole
liver graft 0 hr after transplantation (P>0.05). However,
expression of IL-12 p35 and IL-12 p40 in DCs from partial
liver graft 4 days after transplantation was markedly increased,
and their expression levels were significantly higher than those
of DCs both from partial liver graft 0 hr and whole liver graft
4 days after transplantation (P<0.001).

IL-12R mRNA expression in liver graft-derived DCs
As shown in Figure 4, semiquantitative RT-PCR analysis
revealed detectable but low levels of IL-12Rβ1 and IL-12Rβ2
mRNA expression in DCs both from whole and partial liver
grafts 0 hr after transplantation, expression levels of IL-12Rβ1
and IL-12Rβ2 mRNA in DCs from whole liver graft 4 days after
transplantation were not markedly changed compared with
those of DCs from whole liver graft 0 hr after transplantation
(P>0.05). Whereas DCs from partial liver graft 4 days after
transplantation expressed higher levels of IL-12Rβ1 mRNA and
IL-12Rβ2 mRNA, and their expression levels were markedly
higher than those of DCs both derived from partial liver graft 0
hr and whole liver graft 4 days after transplantation (P<0.001).
DISCUSSION
DCs play critical roles in the initiation and modulation of
immune responses[27-34]. After vascularized organ transplantation,
donor passenger leukocytes (mainly interstitial DCs) are
mobilized out of the graft via peripheral blood to the recipient
lymphoid and nonlymphoid tissues[ 35-39]. Maturation of donor
DC from thyroid, pancreatic islet, skin, or kidney allografts in
recipient lymphoid organs lead to the activation of naive,
alloreactive Th0 lymphocytes, and thus provides the primary
stimulus for acute allograft rejection. However, in mouse and
certain rat strain combinations, fully MHC-mismatched liver
allografts accepted without any of immune suppression, and
fail to elicit an effective rejection response[38,39]. Moreover, in
humans, the liver is considered the least immunogenic of
transplanted whole organs. In a tolerant rat strain combination,
depletion of interstitial leukocytes from liver by pretransplant
donor radiation prevents the tolerogenic effect, and results in
acute rejection[40]. On the other hand, it has been reported that
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immature, costimulatory molecule-deficient DCs (such as
normal liver or bone marrow-derived DCs) propagated in vitro
can promote graft survival in allogeneic recipients[14,41,42], and
posttransplant administration of donor leukocytes induces longterm acceptance of liver transplants[43].
Therefore, passenger leukocytes (most likely DCs) may
have a dualistic role with potential to elicit T cell activation
and graft rejection, or induce T cell tolerance and graft
acceptance. The sustained release from the transplanted liver
of immature DCs, may contribute to allogeneic liver graft
tolerance induction. These liver-derived DCs migrate in vivo
to T cells areas of secondary lymphoid tissue, where they
persisted for weeks in allogeneic recipients[18, 44]. It is accepted
that alloantigen-specific Th1 cells initiate allograft rejection,
and that Th2 cells exert an inhibitory influence on the
development of Th1 clones. It has been proposed that
preferential induction of alloantigen-specific Th2 lymphocytes
could suppress the development of Ag-specific Th1 cells, and
as a consequence, inhibit allograft rejection. Liver-derived DCs
might induce the proliferation of Th2 clones with capacity to
inhibit Th1 responses [18]. Liver-derived DCs display an
immature phenotype with absence of costimlatory molecules
(CD40, CD80 and CD86) surface expression, low levels of
MHC classIandII, and as a consequence, low stimulatory
capacity for naive allogeneic T cells. Unlike mature DC, these
liver-derived DCs do not induce detectable levels of
intracytoplasmic IFN-γ in allogeneic CD4+ cells in 72-h MLR,
and elicited very low levels of CTLs in vitro[3,13,18]. In contrast,
acute liver graft rejection would be induced by maturation of
liver grafts derived-DCs[20]. These findings point to a pivotal
role for donor immature or mature DCs in determining the
outcome of liver transplantation. Mature DCs express high
levels of costimulatory molecules such as CD40, CD80 and
CD86. Activation of T cells by mature DCs has been shown to
require direct contact between T cells and DCs through CD40CD40L interaction[45], upon ligation of CD40L on T cells with
CD40 on DCs, DCs are triggered to produce even high quantities
of IL-12, thus consigning T cells to Th1 responses[46].
IL-12 is an important immune regulator produced primarily
by DCs and macrophages that drives the preferential induction
of Th1 immune responses. IL-12 appears to be a central
mediator of acute graft-vs-host disease in mice[47], whereas
neutralization of bioactive IL-12 enhances allogeneic myoblast
survival[48]. Moreover, exogenous IL-12 mediates liver allograft
rejection[49], and IL-12 antagonism could promote liver graft
tolerance[19]. IL-12 binds to a unique, high affinity receptor on
activated Th cells and NK cells, enhances the expression of
antiapoptotic factors (bcl2 and bclxl), and facilitates activated
T cell and NK-lymphokine activated killer cell expansion. IL12 indirectly promotes Th1 and inhibits Th2 development by
inducing the secretion of IFN-γ by Th1 and NK cells[19, 50-54].
Recent investigation showed IL-12 also induce autologus IL12 production of DC by interaction with IL-12 receptor[25].
Previous studies have shown that IL-12R is detected in T cells
and NK cells, and IL-12R plays a crucial role for IL-12
mediated activation of these cell types[ 25, 55-60]. IL-12Rβ1 is the
subunit primarily responsible for binding IL-12, and IL-12Rβ2
plays an essential role in mediating the biological functions of
IL-12. IL-12-induced phosphorylation of STAT4 and IFN-γ
production are absent in Con A and anti-CD3-activated
splenocytes from IL-12Rβ 2-/- mice[56]. Recent investigations
suggested that DCs exhibited expression of IL-12Rβ1 and IL12Rβ2[25,61-66], and mature DCs express high level of IL-12Rβ1
and IL-12Rβ2[25, 64].
Although Omura T et al[1] and Shiraishi M et al[2] reported
that allogeneic partial liver grafts exhibited increased immune
response compared with allogeneic whole liver grafts as early
as 3 days after transplantation, little is known about the exact
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mechanism responsible for the accelerated rejection. In the
present study, accelerated rejection was demonstrated in
allogeneic partial liver graft 4 days after transplantation. Our
results first demonstrated that DCs derived from allogeneic
whole liver graft without acute rejection 4 days after
transplantation exhibited an immature phenotype with absence
of CD40, CD80 and CD86 surface expression, and low
expression of IL-12 proteins (IL-12 p35 and IL-12 p40) and
IL-12 receptor (IL-12Rβ1 and IL-12Rβ2) mRNA. In contrast
with immature DCs derived from whole liver graft, DCs
derived from partial liver graft undergoing acute rejection 4
days after transplantation displayed a mature phenotype with
high level of CD40, CD80 and CD86 surface expression, and
as a consequence, high level expression of IL-12 proteins (IL12 p35 and IL-12 p40) and IL-12 receptors (IL-12Rβ1 and IL12Rβ 2) mRNA. Given immature DCs can induce T-cell
hyporesponsiveness[13-15] and immune reactivity inhibition[16,17],
whereas mature DCs can stimulate Th1 response and the
development of alloantigen-specific CTLs[3-7, 27-34], together with
IL-12 is an important inducer of liver graft rejection, we suggest
that maturation of liver graft-derived DCs may be an important
mechanism of the accelerated rejection of allogeneic partial
liver graft, and inhibition of maturation of liver graft-derived
DCs may suppress rejection of allogeneic partial liver graft.
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Abstract
AIM: Cloning and analysizing the up-regulated expression
of transthyretin-related gene following short interval
successive partial hepatectomy (SISPH) to elucidate the
mechanism of differentiation, division, dedifferentiation and
redifferentiation in rat liver regeneration (LR).
METHODS: Lobus external sinister and lobus centralis
sinister, lobus centralis, lobus dexter, lobus candatus were
removed one by one from rat liver at four different time points
4, 36, 36 and 36 hr (total time: 4 hr, 40 hr, 76 hr, 112 hr)
respectively. Suppression subtractive hybridization (SSH) was
carried out by using normal rat liver tissue as driver and the
tissue following short interval successive partial hepatectomy
(SISPH) as tester to construct a highly efficient forwardsubtractive cDNA library. After screening, an interested EST
fragment was selected by SSH and primers were designed
according to the sequence of the EST to clone the full-length
cDNA fragment using RACE (rapid amplification of cDNA
end). Homologous detection was performed between the
full-lenth cDNA and Genbank.
RESULTS: Forward suppression subtractive hybridization
(FSSH) library between 0 h and 112 h following SISPH was
constructed and an up-regulated full-length cDNA (named
LR1), which was related with the transthyretin gene, was
cloned by rapid amplification of cDNA end. It was suggested
that the gene is involved in the cellular dedifferentiation in
LR following SISPH.
CONCLUSION: Some genes were up-regulated in 112 h
following SISPH in rat. LR1 is one of these up-regulated
expression genes which may play an important role in rat LR.
Xu CS, Li YC, Lin JT, Zhang HY, Zhang YH. Cloning and
analysizing the up-regulated expression of transthyretin-related
gene (LR 1) in rat liver regeneration following short interval
successive partial hepatectomy. World J Gastroenterol 2003; 9
(1): 148-151
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INTRODUCTION
In mammals, liver is the only organ that possesses the strong
capability of regeneration[1-7]. Since Higgins and Anderson[8]
established the model of partial hepatectomy (PH), it has been
widely used to study the reconstruction and regeneration of
tissue and organs, cellular multiplication, dedifferentiation,
stress response and the regulation of physiology and
biochemistry [8-16] . But due to the complexity of liver
regeneration, the molecular mechanism of LR remains to be
elucidated. In order to better understand the mechanism of PH,
researchers have established a series of successive partial
hepatectomy (SPH) models. These included the long interval
successive partial hepatectomy (LISPH) that involved an
interval of more than three weeks and short interval successive
partial hepatectomy (SISPH) which had an interval of 4 and/
or 36 hr[17]. Because the hepatocytic initiation, dedifferentiation,
division and redifferentiation mainly occured within 144 hr
following PH[18-22]. It is doubtless that the study on the change
of liver tissue, cellular morphology, structure, physiology and
biochemistry in every crucial point following SISPH can offer
more data about LR. In this paper, we used the normal liver
tissue as control and the liver tissue in 112 hr SISPH as
experimental materials, and adopted the whole-mount research
strategy of genome and resorted to SSH technique to construct
a differential expressed forward-subtracted cDNA library.
From the library, we picked some significant expressed
sequence tags (ESTs) clones. Then the primers were designed
according to these ESTs. By RACE PCR, some full-length
cDNAs were obtained. After sequencing these full-length
cDNAs, it showed that one of them belonged to the gene of
related transthyretin, termed LR1 gene, which was up-regulated
expression in LR.
MATERIALS AND METHODS
Making SISPH model and preparation of samples
Adult Spargue-Dawfey rats (weighing 200-250 g) were
provided by the experimental animal house of Henan Normal
University and 0-4-36-36-36 hr SISPH model was made
according to the method of Xu et al[17]. Lobus external sinister
and lobus centralis sinister, lobus centralis, lobus dexter, lobus
candatus were removed one by one at four different time points
4, 36, 36 and 36 hr (total time: 4 hr, 40 hr, 76 hr, 112 hr)
respectively. The control and the four resected liver hepatic
lobus were washed with precooled phosphate-buffered saline
(PBS) thoroughly before these samples were frozen in liquid
freezer for storage.
nitrogen and transferred to the -80
Preparation of control mRNA and the 112 hr SISPH mRNA
Isolation of total RNA and mRNA was carried out according
to the protocol of RNAease kit and oligotex mRNA spin
column purification kit (Qiagen). The quantity and integrity
of mRNA were detected by ultraviolet spectrometer and by
electrophoresing on a denaturing formaldehyde agarose
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stained by EtBr. Chemicals and reagents used were at least
of analytical grade.

Generating of a subtracted cDNA library
SSH was performed between the aforementioned tester and
driver liver tissue mRNA preparations using a PCR selectTM
cDNA subtraction kit and 50×PCR enzyme kit (Clontech,
Heidelberg, Germany) following the instructions of the
manufacturer. Briefly, 2 µg aliquots each of poly (A+) mRNA
from the tester and the pooled driver were subjected to cDNA
synthesis. Thereafter, the tester and driver cDNAs were
digested with Rsa . The tester cDNA was subdivided into
two portions, and each was ligated with a different cDNA
adaptor. In the first hybridization reaction, an excess of driver
was added to each sample of tester. The samples were heat
denaturated and allowed to anneal. Due to the second-order
kinetics of hybridization, the concentration of high- and lowabundance sequence is equalized among the single-stranded
tester molecules. At the same time, single-stranded tester
molecules are significantly enriched for differentially expressed
sequences. During the second hybridization, the two primary
hy- bridization samples were mixed together without
denaturation, only the remaining equalized and subtracted
single-stranded tester cDNAs can reassociate to form doublestranded tester molecules with different ends. After filling in the
ends with DNA polymerase, the entire population of molecules
was subjected to nested PCR with two adaptor- specific primer
pairs. The tester control was amplified with primer1 and nested
primer 1 and 2 provided in the kit. The subtraction efficiency was
evaluated by house-keeping gene g3pdh.
Cloning the subtracted library into a TA vector
Products from the secondary PCR reactions were ligated into
a pGEM-T vector (Promega) and the resultant ligation products
were then transformed into JM109 E. coli competent cells,
The bacterial were subsequently grown in 800 ul of liquid
Luria-Bertani medium and allowed to incubate for 45 min at
37 with shaking at 150 rpm. Thereafter, the cells were plated
onto agar plates containing ampicillin (50 µg/ml), 5-bromo-4chloro-3-indoly-β-D-galactoside (x-gal; 20 µg/ cm2) and isoploprl-β-D-thiogalactoside (IPTG; 12.1 µg/cm2) and incubated
overnight at 37 . Individual recombinant white clones were
picked and grown in single line pattern onto Luria-Bertani agar
solid medium containing ampicillin and allowed to incubate
at 37 for 6-7 hr before single clone was picked from singleline pattern agar medium and allowed to grow in Luria-Bertani
liquid medium containing ampicillin overnight at 37
with
shaking of 150 rpm.
Identifying the subtracted clones
Plasmids were isolated from bacterial clones harboring
differentially expressed cDNA sequences as described by
Sambrook et al. Plasmids containing cDNA inserts were
amplified by PCR with nested primer 1 and primer 2 and the
amplified product of every plasmid was detected by agarose
gel electrophoresis. After that, the inserts that appeared as
distinct bands were sequenced by T7/SP6 chain termination
reation in TaKaRa (DaLian, China). Nucleic acid homology
searches were subsequently performed at the National Center
of Biotechnology Information (National Institutes of Health,
Bethesda, Md., NCBI).
RACE
An interested EST fragment was chosen from the established
cDNA library for primer design according to the instructions
of the 5’/3’ RACE kit (Roche) manufacturer. RACE, a
procedure to amplify nucleic acid sequences from a mRNA
template between a defined internal site and unknown

149

sequences at 5’-and 3’-end of mRNA, was then performed by
using 5’/3’ RACE kit and following the supplier’s protocol.
The primer used for 3’ RACE was SP5: 5’-AGCTGGGAG
CCGTTTGC-3’ and the primer used for 5’ RACE was SP1:
5 ’ - T G C T G TA G G A G T A C G G G C T - C 3 ’ , S P 2 : 5 ’ ACCAGAGTCATTGGCTGT-3’, SP3: 5’GCCCGTGCAGCTCT-3’ respectively. Proofreading pfu DNA
polymerase was purchased from MBI and the 3’ RACE PCR
parameters were: predenaturation at 94
for 2 min before
amplification was done for 40 cycles at 94
for 45 sec,
annealing at 65 for 1 min and extension at 72 for 1 min
and 30 sec followed by an additional extension period at 72
for 5 min. The 5’ RACE used touchdown PCR and
amplification was carried out with the following conditions:
94
for 2 min, 25 cycles including a denaturation step at 94
for 15 sec, an annealing step from 68 to 55 for 30 sec,
and extension at 72
for 1 min and 30 sec; 15 cycles as
above except that the annealing step at 55 ; a final extension
step at 72
for 7 min ended the PCR reaction. The products
were subjected to electrophoresis in a 1 % agarose gel, purified
according to qiaquick PCR purification kit protocol and added
dATP-tailing to blunt- ended fragments at 70 for 30 min in
the presence of Taq DNA polymerase before ligated into the
pGEM-T vector. Transformation, screening, and sequencing
were then performed as described above.

Splicing the full-length nucleotide sequence
Alignment of the sequences was spliced, in light of contig of
5’/3’ sequencing result, to get a full-length nucleotide sequence.
Homology search was performed using the BLAST program
at NCBI.
RESULTS
Construction of the subtracted cDNA library and screening
of the differential fragments
By means of suppression subtractive hybridization (SSH)
technique, we prepared driver cDNAs and tester cDNAs of liver
tissue from control and liver tissue 112 hr following SISPH. After
two rounds hybridization and two PCR reactions, we obtained
the forward-subtractive cDNA library (Figure 1). The subtracted
cDNA was evaluated by the house-keeping gene g3pdh (Figure
2). Our results showed that the constructed forward-subtracted
cDNA library was highly efficient after cDNA library was
subcloned into pGEM-T vector and transformed into JM109, we
obtained 120 white clones and 40 clones randomly selected were
then subjected to sequencing (Figure 3). The sequencing results
were sent to NCBI for BLAST searches.
Determination of the full-length nucleotide sequence of LR1
cDNA by RACE
The original cDNA isolated from the cDNA subtraction
screening was about 311bp long. This cDNA fragment was
used to design primers according to 5’/3’ RACE kit. After
amplification, ligation, screening and sequencing, we obtained
the sequence of the 3’ end and 5’ end (Figure 4). Alignment of
contig sequences enabled us to delineate the entire cDNA
sequence (Figure 5). We found a single long ORF starting with
a methionine codon ATG at nucleotide 47 and ending with a
TAA stop codon at 625 and a putative polyadenylation signal
AATAAA upstream from the poly (A+). Homology search
using LR 1 cDNA sequence revealed that it is 88.8 %
homologous to rat transthyretin gene and 88.4 % homologous
to albumin gene. Protein homology (Swissport database) search
of the peptide encoded by the LR1 ORF revealed that it is 91%
homologous to rat transthyretin, submitting this full-length
cDNA to NCBI and obtain GenBank Accession No. AF479660.
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Figure 4 RACE PCR results. 1. 3’ RACE result; 2. 5’ RACE
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ggccattacg
cctgttcctc
tggagaatcc
tgtcgatgtg
ctctgggaag
ggaaggggtg
cccattccat
caccatcgca
ccagaactga
ttgtactgaa
aaacgttctt
a

gccggggatc gtagagatcc gctggctcct gacaggatgg
ctctgcctcg ctggactgat atttgcgtct gaagctggcc
aagtgtcctc tgatggtcaa agtcctggat gctgtccgag
gccgtgaaag tgttcaaaaa gactgcagac ggaagctggg
accgccgagt ctggagagct gcacgggctc accacagatg
tacagggtag aactggacac caaatcgtac tggaaggctc
gaatacgcag aggtggtttt cacagccaat gactctggtc
gccctgctca gcccgtactc ctacagcacc actgctgtcg
gggacccagc ccaggaggac caggatcttg ccaaagcagt
acagtgttct tgctctataa accgtgttag caactcggga
attaaaccac ctttatttca
tccaaaaaaa aaaaaaaaaa

cttcccttcg
ctgggggtgc
gcagccctgc
agccgtttgc
agaagttcac
ttggcatttc
atcgccacta
tcagtaaccc
agcttcccat
agatgccgtg
aaaaaaaaaa

Figure 5 Full-length cDNA of LRI

DISCUSSION
SSH technique was developed based primarily on a recently
described technique called cDNA suppression PCR which
combines normalization and subtraction in a single procedure
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to generate subtracted cDNA library[23-25]. Compared to the
methods of mRNA differential display[26], representational
difference analysis of DNA[27], it has two distinct advantages:
(1) it has a high subtraction efficiency; (2) it harbors an
equalized representation of differentially expressed sequences
which can separate effectively both high and low copy
expressed genes mainly because of normalization. The
normalization step equalizes the abundance of cDNAs within
the target population and the subtraction step excludes the
common sequences between the target and the driver
populations[23,28,29]. The experimental results showed the SSH
technique can enrich for rare sequences over 1 000-5 000 fold
in one round of subtractive hybridization[23,24,30]. By resorting to
SSH and high-density array scanning technique, using nonmetastatic counterpart Bsp73-1AS as driver, metastatic
adenocarcinoma cell line Bsp73-ASML as tester, Von Stein[31]
found up to 252 over-expressed clones among 625 clones with
no homologous sequences in GenBank. By using a EST fragment
derived from the forward-subtracted cDNA library as probe,
we have cloned a novel gene from the liver tissue 112 hr cDNA
library following SISPH. These results suggest that SSH
technique is applicable to many molecular genetic and positional
cloning studies for the identification of disease, developmental,
tissue-specific or other differentially expressed genes.
With the aim to shed light on the molecular mechanism of
PH, Xu et al[17] established the SISPH model which selected
the intervals at the crucial periods, e.g. the peak of cell
activation (4 hr after PH), the peak of cell division (36 hr after
PH) and the peak of re- differention (48 hr after PH). We have
examined some biological activated factors, heat shock proteins
(HSPs), proteases, proteins related to cell proliferation and
dephosphoralization[13,14,17,18,32]. These data have provided useful
information to reveal the molecular mechanism of LR. The
results suggested that SISPH model may offer more abundant
data than that of PH. In present study, We took 0 h and 112 hr
as driver and tester respectively in 0-4-36-36-36hr SISPH
model when resorting to SSH strategy, then we constructed a
forward-subtractive cDNA library in short time by using
RACE, subsequently we cloned a full-length cDNA and blast
search showed that the cDNA is 88.8 % and 88.4 %
homologous to the transthyretin and albumin in rat respectively.
This suggested that the gene may exert partial function
idendifical to transthyretin. It is well known that thyroxin and
its metabolic products integrated thyroxine-binding prealbumin
and albumin is derived from liver to operate. In the
physiological conditions, 99.9 % 3,3’5,5’-tetraiodothyronine
(T4) and 99.7 % 3,3’5-triiodothyronine (T3) are complexed with
proteins which contain over 60 % tranthyretin and 15-30 %
thyroxine-binding prealbumin and 10 % albumin. Our present
study showed that the injured liver released abundant analogs
of transthyretin. As we know, the changes of transthyretin
concentration is regarded as one of the important reasons that
metabolic or biochemical abnormity in thyroid gland
responsible for hepatopathy [33,34]. The up-regulations of
transthyretin in liver tissue is speculated to have following
functions: (1) breaking the balance of HSS (hepatocyte
stimulate substrate) and inhibitor and thus enhancing the
dedifferention. We have cloned two up-regulated genes, one
of which is 78.6 % homologous to rat transferring gene and
the other is 72 % homologous to mouse embryonic stem cell
gene from 112 hr cDNA library following SISPH (remains to
be published), It is also known that over-sexpression of
transferring gene and embryonic stem cell gene have close
relations with the cellular dedifferentiation; (2) influenceing
the induction of enzyme and consumption of oxygen.
Compensatory respiration was promoted in mitochondrion
responsible for partial hypoxia following PH, but the energy
produced from tricarboxyic acid cycle couldn’t meet the

Xu CS et al. Transthyretin-related gene (LR1) in rat liver regeneration

structural recovery of damaged liver due to successive partial
hepatectomy and thus triggered the related genes to express in
hypoxia metabolism. The over-expressed gene of alcohol
dehydrogenase have cloned from 112 hr cDNA library following
SISPH (remains to be published) seems to explain this hypothesis
which is consistent with the result of Cheng Lingzhong.
In conclusion, complicated physiological and biochemical
reaction changed in the liver tissue following SISPH, we
postulated that this kind of up-regulated gene LR1 expression
involve in liver regeneration may (1) relate with compensated
increase of stress molecules following SISPH; (2) lead to the
initiation of other metabolism; (3) maintain the homeostasis
in the body. As to, whether severe dedifferentiation happened
following SISPH and what are the key dedifferential factors
and how they influence the dedifferentiation, remain to be
further investigated.
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Abstract
AIM: To study the effects of pentoxifylline (PTX) on the
content of hepatic TGF-β1, type I and type III collagen in
schistosomiasis japonica mice with liver fibrosis and its
mechanism of anti-fibrosis.
METHODS: Forty mice with schistosomiasis were divided
into four groups: one group as control without any
treatment, other three were treated with Praziquantel 500
mg/(kg·d)for 2 d, high dose PTX 360 mg/(kg·d) for 8 wk,
and low dose PTX 180 mg/(kg·d) for 8 wk respectively.
Immunohistochemical technique and multimedia color
pathographic analysis system were applied to observe the
content change of hepatic TGF-β1, type I and type III
collagen in schistosomiasis japonica mice with liver fibrosis
before and after PTX treatment.
RESULTS: Effects of PTX on the content change of hepatic
TGF-β1, type I and type III collagen in schistosomiasis japonica
mice with liver fibrosis were related to the dosage of PTX,
high dose PTX treated group could significantly reduce the
content of TGF-β1 (0.709±0.111), type I (0.644±0.108) and
type III (0.654±0.152) collagen compared with those of
control group (0.883±0.140, 0.771±0.156, 0.822±0.129)
with statistical significance (P<0.05). Low dose PTX could
also reduce the hepatic content of TGF-β1 (0.752±0.152),
type I (0.733±0.117) and type III (0.788±0.147) collagen,
but without statistical significance (P>0.05). Both high dose
and low dose PTX groups have significant differences on
the content of TGF-β1, type I and type III collagen (P<0.05,
P<0.05, P<0.01,respectively).
CONCLUSION: High dose of PTX treatment could reduce
the content of hepatic TGF-β1, type I and type III collagen
significantly in schistosomiasis japonica mice with liver
fibrosis, and thus plays its role of antifibrosis.
Xiong L J, Zhu JF, Luo DD, Zen LL, Cai SQ. Effects of
pentoxifylline on the hepatic content of TGF-β1 and collagen
in Schistosomiasis japonica mice with liver fibrosis.World J
Gastroenterol 2003; 9(1): 152-154
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INTRODUCTION
Liver fibrosis is the main reason for portal hypertension and
hemorrhagic of upper digestive tract in schistosomiasis and
there fore the main reason for the mortality of schistosomiasis.
The basic pathological changes of liver fibrosis are the
disturbance and degredation of extracellular matrix (ECM),
which causes accumulation of ECM in the liver[1,2]. Within the
major components of ECM, type I and type III collagen
constitute more than 95 % of the total content of increased
collagen in liver fibrosis[3-5]. It is well known that fibrosis is
reversible whereas cirrhosis is irreversible, so it is important to
prevent fibrosis progressing to cirrhosis[6,7]. However, there is
no ideal antifibrosis drug to date. Recent researches found that
PTX has antifibrosis function[8,9], while its effects on hepatic
fibrosis of schistosomiasis japonica are still unknown. Since the
main pathological characteristic of schistosomiasis japonica is
the deposition of type I and III collagen and TGFβ1 has very
important influence on the fibrosis development, it is considered
the key cytokine to accelerate cirrhotic procession[10-15], we
studied the effects of PTX on the expression of collagen I and
III and TGFβ1 in mice with schistosomiasis japonica and
intended to evaluate the roles of PTX in hepatic fibrosis.
MATERIALS AND METHODS
Materials
Forty female Qunming mice, weighted 16-20 g and aged 4-6 w,
provided by Experimental Animal Center of Tongji Medical
College, were infected with 25 cercaria of schistosome japonica
(provided by Wuhan Institute of Schistosomiasis Prophylactic
and Therapy) and fed for 2 weeks and then divided randomly
and equally into 4 groups: one group as control without any
treatment, other three were treated with Praziquantel 500 mg/
(kg·d) for 2 d, high dose PTX (provided as SHUANLIN tablet
by Shijiazhuang Pharmaciticus CO.) 360 mg/(kg·d) for 8 wk,
and low dose PTX 180 mg/(kg·d) for 8 wk respectively. The
mice were then deceased and hepatic tissue sections were
prepared for examination. Immunohistochemical technique and
multimedia color pathographic analysis system were applied
to observe the content of hepatic TGF-β1, type I and type III
collagen before and after treatment.
Assay of TGFβ1, collagen I and collagen III
Rabbit anti-mouse TGFβ1 was purchased from Santa Cruz.
Rabbit anti-mouse collagen I and III, and SABC kit were
provided by Boster Biological Technology Co., Ltd. The
immunohistochemical studies were performed by the avidinbiotin- peroxidase method, briefly described as following. The
tissue sections were blocked in 3 % hydrogen peroxide, washed
in buffer solution, and then incubated in mixed digestive
solution for 5 min in room temperature. The sections were
washed in PBS and then incubated in goat serum blocking
solution for 10 min. The sections were then incubated with the
primary antibodies at 37
for 30 min, washed and then
incubated with biotin conjugated secondary antibodies at 37
for 20 min, washed with PBS, and then labeled with peroxidaseconjugated streptavidin for 20 min at 37 . The washed
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sections were then incubated with Diaminobenzidine (DAB),
counterstained and prepared for microscopic examination.

Results analysis
The sections were analyzed with MPZAS-500 multimedia
color pathological graph analyzing system. The average
integral light density (ILD) of positive staining in each section
was obtained and presented as x±s. Results were then analyzed
with student t test.
RESULTS
Effects of PTX on TGF-β1 expression
The contents of TGFβ1 in praziqunatel group, high dose PTX
group and low dose PTX group decrease by 44.62 %, 19.71 %,
14.84 % respectively compared with control group. The
difference between praziquentel group and control group is
very significant (P<0.01). The effect of PTX on TGFβ1 content
is dose related and there is significant difference on TGFβ1
contents between high and low dose groups. The TGFβ1
content in high dose PTX group is significantly (P<0.05)
different from that of control group while no significant
difference between low dose PTX group and control group.
Both high dose and low dose PTX groups have significant
difference on TGFβ1 contents between praziquentel group and
themselves. The results are shown in Table 1.
Table 1 Content of TGF-β1, collagen I and III in liver of each
treated group and control group (x±s, ILD, n=10)
Group

TGF-β1

Collagen I

Collagen III

Control

0.883±0.140

Praziquantel

0.489±0.105

High dose PTX

0.709±0.111bd

0.644±0.108bd

0.654±0.152be

Low dose PTX

0.752±0.152

0.733±0.117

0.788±0.147cdg

0.771±0.156
a

cdf

0.596±0.103

0.822±0.129
a

cdf

0.613±0.116a

a
P<0.01, vs control group; bP<0.05, vs control group; cP>0.05, vs
control group; dP<0.01, vs praziquantel group; eP>0.05, vs
praziquantel group; fP<0.05, vs high dose PTX group; gP<0.01,
vs high dose PTX group.

Effects of PTX on collagen I expression
The contents of collagen I in praziqunatel group, high dose
PTX group and low dose PTX group decrease by 22.70 %,
16.47 %, 4.93 % respectively compared with control group.
The difference between praziquentel group and control group
is very significant (P<0.01). The effect of PTX on collagen I
content is dose related and there is significant difference on
collagen I contents between high and low dose groups. The
collagen I content in high dose PTX group is significantly
(P<0.05) different from that of control group while no
significant difference between low dose PTX group and control
group. Both high and low dose PTX groups have significant
difference on collagen I contents between praziquentel group
and themselves. The results are shown in Table 1.
Effects of PTX on collagen III expression
The contents of collagen III in praziqunatel group, high dose
PTX group and low dose PTX group decrease by 25.43 %,
20.44 %, 4.14 % respectively compared with control group. The
difference between praziquentel group and control group is very
significant (P<0.01). The effect of PTX on collagen III content
is dose related and there is significant difference on collagen III
contents between high and low dose groups (P<0.01). The
collagen III content in high dose PTX group is significantly
(P<0.05) different from that of control group while no
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significant difference between low dose PTX group and control
group (P>0.05). Compared with praziquentel group, high
dose PTX group has no difference on collagen III contents
(P>0.05), whereas low dose PTX group has significant
difference (P<0.01). The results are shown in Table 1.

DISCUSSION
PTX is a trimethylated xanthine derivative product. As an
inhibitor of phosphodiesterase, it can induce the increase of
intracellular cAMP, dilation of the blood vessels and smooth
muscles, ameliorating the microcirculation. It has been used to
improve the peripheral blood vessel disease for many years[16,17].
Recently, PTX has been found to have antifibrosis effect. In
vitro studies show that PTX can inhibit the proliferation of
myofibroblast from hepatitis patients and depress the synthesis
of collagen. Treatment with PTX in early stage can alleviate
the hepatic lesion and inflammatory reaction [18]. In animal
hepatic fibrosis models, PTX also has anti-fibrosis effect. It
has been reported that treated with PTX prior to the inducing
of hepatic fibrosis with CCL 4-acetone can alleviated the
proliferation of hepatic stellate cell (HSC), and previous
treatment with PTX decelerate the differentiation of HSC in
mouse with hepatic fibrosis induce by bile duct ligation[19]. It
was reported that previous treatment with PTX could improve
the regeneration and function of liver after partial hepatectomy
in mice with hepatic fibrosis and alleviate the hepatic fibrosis.
But there is no report on the effects of PTX on schistosomatic
hepatic fibrosis[20]. The fibrosis in schistosomatic has its special
characteristics against those caused by hepatic cell lesion or
bile duct obstruction. Therefore, the effects of PTX in the
schistosomatic hepatic fibrosis should be explored.
Hepatic stellate cell (HSC) plays a pivotal role in the fiber
synthesis and degradation. The activation of HSC is mediated
by various cytokines and reactive oxygen species released from
the damaged hepatocytes and activated Kupffer cells[21-26]. HSC
can release TGFβ1 by autocrine[27,28] and TGFβ1 has been
proved to be a strong mitogen to HSC. This autocrine effect is
upgraded when HSC has been activated. TGFβ1 depresses the
regeneration of hepatic cells, activates and promotes HSC to
synthesize extracellular matrix such as collagen, fibronetin
proteinopolysarrcride, promotes the synthesis of TIMP and
inhibits the synthesis of MMPs[29-37].
We established a mouse hepatic fibrosis model induced
by cercaria of schistosomiasis japonica infection and studied
the effect of PTX on the fibrosis development in the early
stage. We found that PTX could inhibit the development of
fibrosis in this model significantly. The quantitative
immunohistochemical evaluation of TGFβ1, type I and III
collagens shows that, high dose of PTX can reduce the content
of TGFβ1, type I and III collagens in hepatic tissue of mice
with schistosomatic hepatic fibrosis. Its capability to reduce
the hepatic content of type III collagen is similar to praziquentel
(P>0.05) and its effects on TGFβ1 and type I collagen are
weaker than praziquentel. Compared with the control group,
low dose of PTX can also reduce the contents of TGFβ1, type
I and III collagens but the effects have no statistical significance.
The results indicate that PTX treatment in the early stage
inhibits the development of schistosomatic hepatic fibrosis by
reducing the content of TGFβ1, type I and III collagens.
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Abstract
AIM: Available experimental evidence from both clinical and
animal models shows that both Chinese medicines tetrandine
(Tet) and Qing Yi Tong (QYT) have positive treatment effects
on acute pancreatitis (AP). This investigation was conducted
to explore the treatment mechanisms of Tet and QYT on AP
at the molecular level and thereby explain their therapeutic
affects. It included an investigation of the effects of these
drugs on gene expression of both intercellular adhesion
molecule 1 (ICAM-1) and superoxide dismutase (Mn-SOD
and Cu, Zn-SOD) in a rat model with AP.
METHODS: AP in the test rats was induced by subjecting
them to laparotomy followed by a retrograde injection of 4 %
sodium taurocholate into the bilio-pancreatic duct. The test
rats with AP were divided into three groups. One was treated
with Tet, one with QYT, and one with normal saline solution.
The sham-operated control group (SO) rats were only subjected
to laparotomy. They were given no further treatment. For the
Tet group, Tet was injected intraperitoneally, and for the QYT
group, QYT was given with a nose-gastric catheter. These
procedures were done at both 10 min and 5 h after AP
induction. The levels of ICAM-1 mRNA expression and of
SOD (Mn-SOD and Cu, Zn-SOD) mRNA expression in the
pancreas and liver tissues were measured by RT-PCR at 1,
5, and 10 h after AP induction.
RESULTS: When compared with the SO group during the
observation time, rats with AP showed a higher expression
of ICAM and a lower expression of Mn-SOD in both pancreas
and liver tissues, and a lower expression of Cu, Zn-SOD in
the pancreas. Tet treatment attenuated changes in the
expression of both ICAM-1, and SOD (Mn-SOD and Cu, ZnSOD) to a significant degree. A similar effect on the
expression of SOD (Mn-SOD and Cu, Zn-SOD) was also found
in the QYT group, but no obvious suppressive effect on
ICAM-1 expression was observed.
CONCLUSION: The results of this study suggest that one
of the main mechanisms of Tet and QYT in treating AP is to
enhance anti-oxidation of the body. The results also suggest
that the anti-inflammatory effect of Tet is involved in the
reduction of ICAM-1 expression. This explains why Tet and
QYT are beneficial in treating AP.

Li YY, Li XL, Yang CX, Zhong H, Yao H, Zhu L. Effects of
Tetrandrine and QYT on ICAM-1 and SOD gene expression in
pancreas and liver of rats with acute pancreatitis. World J
Gastroenterol 2003; 9(1): 155-159
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INTRODUCTION
Acute pancreatitis (AP) is a severe disease with both high
morbidity and high mortality. Therefore, much research has
been focused on the specific and effective therapies for AP[1-6].
Tetrandrine (Tet) is a kind of dibenzyl quinoline alkaloid
extracted from the root of Stephania tetrandra S., a Chinese
herbal medicine. Qing Yi Tang (QYT) is a medicine composed
of several Chinese herbs. Both Tet and QYT have shown
positive treatment effects on AP clinical patients and on animal
models. These include attenuation of clinical symptoms,
improvement of morphology and biochemistry changes in the
tissues and blood, prolongation of survival time, and decrease
of mortality[7-10]. In order to explore some of the molecular
mechanisms combating AP, the effects of Tet and QYT on
gene expression of both intercellular adhesion molecule 1
(ICAM-1) and superoxide dismutase (Mn-SOD and Cu,ZnSOD) were investigated in a rat model with AP.
MATERIALS AND METHODS
Chemicals
Chemicals used in this experiment were purchased as follows:
Sodium pentobarbital and sodium taurocholate (NaTc) from
Shanghai Chemical Reagent Company; TRIzol reagent and
S u p e r s c r i p t TM I I f r o m G I B C O - B R L ( S h a n g h a i ) ;
Oligonucleotide primer pairs from Chinese Academy of
Science, Institute of Cell and Biology (Shanghai); Taq DNA
polymerase from Promega (Shanghai); Tet from the
Department of Pharmacology of Second Military Medical
University (Shanghai); QYT from Zunyi Medical College
(Zunyi); other reagents from Sigma Chemical (Shanghai).
Animals and AP model
The subjects for the experiment were adult male and female
Sprague-Dawley rats weighing 170-230 g (n=36; the Animal
Center, Fudan University Medical College, Shanghai). After
fasting with free access to water overnight, the rats were
anesthetized by an intraperitoneal (ip) injection of 40 mg/kg
sodium pentobarbital. AP was induced by a retrograde injection
of 4 % NaTc into the bilio-pancreatic duct (BPD) according to
the method of Aho et al[11]. Briefly, a small median laparotomy
was performed first, and then the pancreas was exteriorized and
the BPD was temporarily closed at the liver hilum with a soft
microvascular clamp to prevent reflux of the infused material into
the liver. A retrograde injection of 4 % NaTc into the distal BPD
was then given (100 ul/100body wt, pressure 50cmH2O). The
clamp was removed 5 min after the injection. In the sham-operated
control group (SO) rats only underwent laparotomy. Finally, the
abdomen was closed with a silk suture and the rats were placed
back into their cages with free access to water and food.
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Animal group
The test rats with AP were divided into three groups: Tet, QYT
and normal saline (NS). The Tet group (n=9) received an
injection (ip) of 4 %Tet at a dosage of 80 mg/kg body wt. The
QYT group (n=9) received an infusion of QYT (1 ml/100 g
body wt), and the NS group (n=9) received an infusion of NS
(1 ml/100 g body wt), by use of a nose-gastric catheter. Rats in
the SO group received the same infusion as the NS group. All
groups were treated two times (at 10 min and 5 h after the AP
operation).
Preparation of RNA and RT-PCR assay
At selected times (1,5,10 h) after the AP induction or sham
operation, the rats (n=3 at each time point) underwent
relaparotomy under pentobarbital anesthesia, and samples of
the pancreas and liver were rapidly collected. Total RNA was
extracted from pancreatic and liver tissues using the TRIzol
reagent. RNA quality was verified by ethidium bromide
staining of ribosomal RNA bands on agarose gel. Total RNA
was precipitated and re-suspended in diethylpyrocarbonatetreated sterile H2O, quantified by spectrophotometry (A260/
A280 ratio >1.80) and diluted to a concentration of 1.0 µg/µl.
Then the extracted RNA was used for a semi-quantitative
reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA (5 µg/sample) was reverse-transcribed using oligo
(dT) as a primer. The oligonucleotide primer pairs were
designed from published sequences for each gene studied. The
sequences used as G3PDH, SOD and ICAM-1 specific primers
are shown in Table 1.
Table 1 Sequence of primers and length of fragments
Gene

Primer (5’ 3’)

Length

G3PDH

ACCACAGTCCATGCCATCAC

452 bp

TCCACCACCCTGTTGCTGTA
Mn-SOD

ATTAACGCGCAGATCATGCAG

483 bp

CuZn-SOD

TTCGAGCAGAAGGCAAGCGGTGAA 396 bp

TTTCAGATAGTCAGGTCTGACGTT

Statistical analysis
Data were expressed as mean ± SE. Statistical differences between
values from two groups were determined by the unpaired Student’s
t-test and statistical significance was set at P<0.05.
RESULTS
G3PDH level
The level of G3PDH was approximately the same for all
pancreas and liver samples tested (Figure 1), which indirectly
showed that the cDNA concentration did not differ in the
samples from each group.

1

CCTTAGGAAGGTGTGATATCCGG

5
NS

10

1

5 10
Tet

(h)

5
10
QYT
M

ICAM-1 mRNA expression in the pancreas and liver
Semi-quantitative evaluation of ICAM-1 level was obtained
by measuring its gene expression by RT-PCR. As shown in
Figure 2 and Figure 2B, the pancreas showed an increased
ICAM-1 mRNA expression in the NS group at 5 h and 10 h
after AP induction when compared to the SO group. Tet
attenuated the increase at the same time-points. But QYT
showed an increase effect for ICAM-1 mRNA expression at 10
h after AP. In the liver, compared with the SO group, the level
of ICAM-1 mRNA expression in the NS group was elevated at
1 h and sustained up to 10 h, with a maximum increase (2-fold)
at 5 h after AP induction. A similar change but at a lower level
was observed in the Tet group. And in the QYT group a modest
increase of ICAM mRNA expression occured only at 5 h and
10 h after AP induction. (Figure 3 and Figure 3B).
AP

200

SO

415 bp

150
OD

AGGTGGTCACCCATGCTGGTGCT

Two-microliter aliquots of cDNA were used as a target for
separate PCR reactions in the presence of 0.5 units of Taq
DNA polymerase, 50 µmol/L of a primer pair specific for
G3PDH, SOD or ICAM-1, and amounts of the corresponding
constructs. The total volume of the reaction fluid was 25 µl.
The amplification cycles were carried out in a DNA
Thermalcycler (Perkin Elmer) under the following conditions:
initial denaturation at 94 for 2 min, followed by amplification
cycles of 1min at 94 , 1min at 58 and 1 min at 72 . This
procedure was repeated for 30 cycles. PCR products were
separated by polyacrylamide gel electrophoresis and then
visualized by ethidium bromide staining. The intensities of
gene-specific bands were photographed and quantified by
measuring the optical density (OD) of the bands in a UVP
(white/UV transilluminator, GDS 7500). In the same sample,
mRNA levels were normalized to the density of an internal
control housekeeping gene RT-PCR product, glyceraldehyde3-phosphate dehydrogenase (G3PDH), which is commonly
used as an internal standard control in mRNA expression
studies. RT-PCR was performed independently at least twice
starting from the same RNA.

1

Figure 1 GAPDH mRNA expression in the liver in the parts of
different group.

AATCCCAATCACACCACAAGCCAA
ICAM-1
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Figure 2A ICAM-1 mRNA expression in the pancreas in the
different groups.
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Figure 2B ICAM-1 mRNA expression in the pancreas in the
different groups.
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Figure 5A Mn-SOD mRNA expression in the liver in the different groups.
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Figure 3A ICAM-1 mRNA expression in the liver in the different groups.

1
SO

1

(h)

1

M

5
NS

10

1

5
Tet

(h)

10
SO

M

Figure 3B ICAM-1 mRNA expression in the liver in the parts
of different groups.

Figure 5B Mn-SOD mRNA expression in the liver in the parts
of different groups.

Mn-SOD mRNA expression in the pancreas and liver
As shown in Figure 4 and Figure 4B, in the pancreas, compared
to the SO group, Mn-SOD mRNA expression in the NS group
was lower from 1 h to 5 h after AP induction. The Tet-treated
group had a higher expression at the same time-points, and
the QYT-treated group had a much higher expression at 10 h,
nearly a 2-fold increase compared to that of the NS group. As
shown in Figure 5 and Figure 5B, the NS group showed a
similar decrease of Mn-SOD mRNA expression in the liver to
that in the pancreas at 1 h and 5 h. When compared to the NS
group, the Tet-treated group had a higher Mn-SOD mRNA
expression from 1 h to 10 h, and the QYT group had a higher
Mn-SOD mRNA expression from 5 h to 10 h, after AP induction.

Cu,Zn-SOD mRNA expression in the pancreas and the liver
As shown in Figure 6 and Figure 6B, in the pancreas, the NS
group decreased significantly in Cu, Zn-SOD mRNA
expression after AP induction to 1/3 of that in SO group. The
Tet and QYT- treated groups had much higher levels of Cu,
Zn-SOD mRNA expression at 1 h and 10 h respectively. These
high levels were a 2-fold increase when compared with the
SO group, and a 4-fold increase when compared with the NS
group at the same time points. In the liver, no obvious changes
of SOD expression were observed (Figure7).
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Figure 4A Mn-SOD mRNA expression in the pancreas in the
different groups.

Figure 6A Cu, Zn-SOD mRNA expression in the pancreas in
the different groups.
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Figure 4B Mn-SOD mRNA expression in the pancreas in the
parts of different groups.
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Figure 6B Cu, Zn-SOD mRNA expression in the pancreas in
the parts of different groups.
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Figure 7 Cu, Zn-SOD mRNA expression in the liver in the
parts of different groups.

DISCUSSION
Research on AP can be traced back at least one hundred years,
yet the treatment of AP continues to be a difficult aspect of
clinical practice, especially for severe acute pancreatitis (SAP).
SAP is recognized to be a multiple-stage disease where the
pathological events at the pancreatic acinar cell level are
paralleled by an exaggerated local and systemic inflammatory
response (SIRS), and even by multiple-organ damage (MODS)
or failure (MOF), with a high mortality[12-15]. Considerable
progress in understanding of pathophysiologic events during
the early stage of AP has been made over the years, but the
underlying pathogenic processes responsible for the
inflammatory cascade and MOF are still unknown to a large
extent. Most recent studies have revealed that the excessive
releases of oxygen-derived free radicals (OFRs), destructive
inflammatory mediators and cytokines, such as TNF-alpha,
IL-1beta, IL-6, IL-8, IL-10, PAF, ICAM-1, play key roles in
the AP process[16-19]. Recent evidence suggests that, besides
their directly detrimental effects on AP, OFRs may activate
certain gene transcription factors, notably the nuclear
transcription factor-kappa B (NF-kB) and activator protein-1
(AP-1), which then mediate the induction of certain adhesion
molecules (ICAM, VCAM, etc,) and other cytokines[15,20-23].
These factors prompt neutrophil aggregation, adherence and
activation, then tremendous amounts of inflammatory
mediators and cytokines are released. The pancreas and remote
organs are then severely injured and MOF occurs. Meanwhile,
activation of leukocyte may release more OFRs, and the vicious
circle continues[24-27] .
The manganese superoxide dismutase (Mn-SOD) and
copper/zinc superoxide dismutase (Cu, Zn-SOD) existing in
the mitochondria or cytoplasm of cells are the major OFR
scavengers of the body. Previous experiments have
demonstrated that the pathological changes in AP could be
reduced by SOD[28,29]. By immunohistochemistry, Su et al have
proved the localization of SOD in acinar cells and have found
Mn-SOD mRNA expression peaked at 2 hours after the
addition of arginine to the cell culture medium[30]. These data
suggest that increased SOD expression reflects a defensive
mechanism of acinar cells against oxidative stress. G. Teleck
et al discovered that the increase of OFRs and ICAM expression
could be measured within one hour and lasted for the 24 hour
observation period[31]. These findings, along with others from
different laboratories, suggest that OFRs and ICAM induce
morphologic change, aggregation, adherence, and activation of
polymorphonuclears (PMNs), which then shift out of blood vessels
and consequently cause microcirculation dysfunction[32,33]. Our
experimental results showed that during the process of AP,
the expression of ICAM-1 in both the pancreas and the liver
(especially in liver) was significantly increased, while the
expressions of Mn-SOD and Cu-Zn-SOD were decreased in the
pancreas by 1/3 as compared to the SO control group.This was
similar to the finding of the experiment by L. Czako et al[28].
These results provide further evidence that the increased
ICAM-1 and decreased OFRs scavengers take part in the
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pathophysiologic processes of AP.
Tet is a kind of dibenzyl quinoline alkaloid extracted from
the root of Stephania tetrandra S., a Chinese herbal medicine
with the effect of a non-selective calcium channel blocker
(CCB). It has recently been found that Tet also has a widely
anti-inflammatory effect by reducing the activity of PLA2 from
inflammatory leukocytes, inhibiting the release of
inflammatory mediators, eliminating OFRs and dilating blood
vessels, and then improving microcirculation function of the
body[7,8,34,35]. QYT is a combined medication of Chinese herbs
containing Rheum officinale Baillon, ructus gardeniae, etc.,
and also has the effects of anti-inflammation, cleaning OFRs,
eliminating hazardous metabolite, dilating blood vessels and
improving microcirculation[9,10]. We found in this experiment
that Tet reduced ICAM expression in the pancreatic and hepatic
tissues during AP, while increasing the expression of Mn-SOD,
and Cu, Zn-SOD. QYT had no significant effect on the
expression of ICAM-1, but significantly enhanced the
expression of Mn-SOD, and Cu, Zn-SOD. These findings
suggest that Tet and QYT demonstrate the potentially useful
effects of eliminating OFRs and reducing their damage, and
also demonstrate the ability of Tet inhibiting ICAM production.
The experiment provided a molecular level explanation of why
clinical treatment of AP using Tet and QYT has been successful.
It is generally recognized that the induction of AP follows
a uniform mechanism independent of different etiologic causes
such as gallstones, alcohol, ischemia, hyperlipidemia,
hypercalcemia, heredity and others. Firstly, each cause seems
to affect primarily the acinar cell, resulting in intracellular
activation of trypsinogen and other digestive enzymes and overproduction of OFRs, which injure the acinar cells and
pancreatic tissue. Then tremendous amounts of inflammatory
mediators and cytokines, mentioned above, are released into
the tissue and result in microcirculation disturbance. This not
only worsens the local damage, but also influences the remote
organs and causes systemic inflammatory response syndrome
(SIRS). In the final stage of the pathophysiological process,
multi-organ damage develops and multi-organ failure (MOF)
may happen due to the combined effects of all the factors.
Klar et al pointed out[ 36] that since the initial enzyme activation
and cytokine release were irreversible by the time of clinical
presentation, specific therapy must be directed towards
microperfusion failure as a secondary pathogenic stage. The
beneficial therapeutic principles of this included the inhibition
of leukocyte-endothelium interaction with ICAM-1 antibodies
and the control of local vasoconstriction to stop the progression
of the disease. Therefore, based on previously observed clinical
effects and on the experimental results with Tet and QYT in
this study, we conclude that Tet and QYT which inhibit ICAM1 and enhance SOD expression are beneficial in treating AP.
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RESULTS: In CC patients, both esophageal squamous cell
carcinoma (SCC) and gastric cardia adenocarcinoma (GCA)
tissues showed different positive immunostaining extent of
p53 and PCNA protein (P>0.05). The positive immunostaining
rates for p53 and PCNA were 60 % (15/25) and 92 % (23/
25), respectively in SCC; and 40 % (10/25) and 88 % (22/
25), respectively in GCA. “Diffuse” immunostaining pattern
was frequently observed in both p53 and PCNA. High
coincidence rates for p53 and PCNA positive staining were
observed in SCC and GCA from the same patients, and
accounted for 56 % and 96 %. In SCC patients, with the
lesions progressed from normal esophageal epithelium (NOR)
to basal cell hyperplasia (BCH) to dysplasia (DYS) to
carcinoma in situ (CIS) to SCC, the positive rates for p53
were 27 %, 50 %, 50 %, 29 % and 72 %, and 55 %, 70 %,
75 %, 71 % and 93 % for PCNA, respectively. In GCA, with
the lesions progressed from normal gastric cardia epithelium
to DYS to CIS to GCA, the positive rates of p53 expression
were 44 %, 27 %, 22 % and 36 % respectively, the difference
was not significant; the positive rates of PCNA protein
expression were 67 %, 64 %, 67 % and 86 %, respectively.
The χ2 test, Fisher’s Exact Test, Mantel-Haenszel χ2 Test
and Kappa Test were used for the statistics.

INTRODUCTION
Esophageal squamous cell carcinoma (SCC) and gastric cardia
adenocarcinoma (GCA) are the two most frequent malignant
diseases in the world[1-3]. SCC is characterized by its remarkable
geographic distribution; the ratio between the incident rates of
high- and low-risk areas can be as high as 500:1. Consistent
geographic distribution with SCC in the same high-incidence
area (HIA) is the remarkable epidemiological characteristic of
GCA[3], and in America and Europe the incidence of GCA
increased dramatically in recent decades[4-8]. Linzhou and the
nearby counties in Henan province, have the highest incidence
and mortality for SCC and GCA in the world, SCC and GCA
remain the leading cause of cancer-related death in these areas[9].
It is noteworthy that the concurrent cancers from esophagus
and gastric cardia in the same patient (CC) is not uncommon
in this area, with an incidence of 0.4-2.5 %[10-13]. This special
pattern indicates that there may be same or similar risk factors
and mechanism involved in the carcinogenesis. The molecular
mechanism of SCC/GCA is still not clear, and the information
from the concurrent cancers of SCC & GCA in the same patient
in the HIA is very limited. It is apparent to further characterize
the molecular changes of CC patients may provide not only
more information on the molecular mechanism but also the
etiological clues for SCC and GCA.
Recent studies indicate that esophageal and gastric cardia
carcinogenesis is a mulitistep progressive process involving
multiple genetic changes (accumulation or overlap). The
accumulation of p53 protein and p53 gene mutation were
observed in the very early stage of esophageal carcinogenesis,
even in the microscopically normal esophageal epithelium, with
positive immunostaining and mutation rates increasing with
the progression of lesions[14-24]. In addition, recent study showed
that PCNA protein overexpression was also observed in the
carcinogenesis of GCA[25].
To elucidate the molecular mechanisms of SCC/GCA
carcinogenesis and to expand the knowledge for early detection
of SCC/GCA and screening high-risk population, the present
study was undertaken to analyze the alternations of p53 and
PCNA in cancer tissues and adjacent cancerous tissues with
different degrees of precancerous lesions in CC patients.

CONCLUSION: The high coincident alterations for P53 and
PCNA in SCC and GCA from the same patient indicate the
possibility of similar molecular basis, which provides
important molecular basis and etiological clue for similar
geographic distribution and risk factors in SCC and GCA.

MATERIALS AND METHODS
Tissue collection and processing
25 cases with concurrent cancers of SCC & GCA enrolled in
this study were from Linzhou City Hospital, Yaocun

Abstract
AIM: To characterize the alteration and significance of p53
and PCNA in cancer and adjacent tissues of concurrent cancers
from the esophagus and gastric cardia in the same patient.
METHODS: P53 and PCNA protein accumulation in 25
patients with concurrent cancers from the esophagus and
gastric cardia (CC, concurrent carcinomas of esophageal
squamous cell carcinoma and gastric cardia adenocarcinoma)
were detected by immunohistochemical method (ABC).
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Esophageal Cancer Hospital and Anyang City Tumor Hospital,
the high-incidence area for EC, including 16 males and 9
females, with a mean age of 59 (59±9.88) in male and 60.6
(60.6±11.44) in female. None of these patients received any
treatment of chemotherapy or radiotherapy before operation.
All the resected tissues and biopsied tissues were fixed with
85 % alcohol, embedded with paraffin and serially sectioned
at 5 µm. The sections were mounted onto the histostick-coated
slides. Four or five adjacent ribbons were collected for
histopathological diagnosis (hematoxylin and eosin stain) and
immunohistochemical staining.

Histopathology analysis
Histopathological diagnosis for esophageal and gastric cardia
epithelia was based on the changes in cellular morphology
and tissue architecture using previously established criteria[26-32].
The normal esophageal epithelium (NOR) contained 1 to 3
basal-cell layers; the papillae were confined to the lower half
of the epithelium. In basal cell hyperplasia (BCH), the number
of proliferating basal cells was increased to more than 3-cell
layers. Dysplasia (DYS) was characterized by the partial loss
of cell polarity and nuclear atypia. SCC was characterized by
confluent and invasive sheets of cohesive, polymorphous cells
with hyperchromatic nuclei. The following histopathological
classification was used for the gastric-cardia epithelia: dysplasia
(DYS), neopastic features including nuclear atypia and/or
architectural abnormalities confined to the gastric epithelium,
without invasion; GCA: invasion of neoplastic gastric cells
through the basement membrane. The diagnosis of CC was
based on the following criteria: (1) the tumors must be clearly
separated on histological phenotype; (2) the tumors must be
malignant; (3) Metastasis must be excluded.
Immunohistochemical staining (IHC)
Anti-p53 antibody is a monoclonal mouse anti-serum against
p53 of human origin, and recognizes both wild and mutant
type p53 (Ab-6, Oncegen Science, Manhasset, NY). AntiPCNA antibody is a monoclonal mouse anti-serum against
PCNA of human origin (Mab, DAKO, Carpinteria, CA). The
avidin-biotin-peroxidase complex method was used for the
immunostaining of p53, PCNA. In brief, after dewaxing,
inactivating endogenous peroxidase activity and blocking crossreactivity with normal serum (Vectastain Elite Kit; Vector,
Burlingame, CA), the sections were incubated overnight at
4
with a diluted solution of the primary antibodies (1:500
for p53 and 1:200 for PCNA). Location of the primary
antibodies was achieved by subsequent application of a
biotinylated anti-primary antibody, an avidin-biotin complex
conjugated to horseradish peroxidase, and diaminobenzidine
(Vectastain Elite Kit, Vector, Burlingame, CA). The slides were
counter-stained by hematoxylin. Negative controls were
established by replacing the primary antibody with PBS and
normal mouse serum. Known immunostaining-positive slides
were used as positive controls.
Specific staining for each protein was categorized as either
positive or negative based on the presence of brown coloration
staining. More than 10 % positively stained cells were graded
as positive[33,34]. Clear staining for nuclei was the criterion for
a positive reaction. Immunostaining patterns[26] were graded
into the “focus”, “scattered”, “diffuse”, according to cell
distribution in one microscopic eyeshot (×40). All the
immunostaining slides were observed by two pathologists
independently. The slides with different diagnosis by two
pathologists were reviewed again (less than 5 %) until the
agreed diagnosis was made.
Statistics analysis
The χ2 test, Fisher’s Exact Test, Mantel-Haenszel χ2 Test and
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Kappa Test were used for the statistics (P<0.05 was considered
significant).

RESULTS
Histopathological results
Histopathologically, primary SCC and GCA in the same patient
were verified in all 25 cases by two pathologists using an
Olympus microscope independently. Of the 14 CC patients
(both with cancer and adjacent tissues) examined, in esophagus
11 samples were diagnosed as normal, 10 as BCH, 8 as DYS,
7 as CIS and 14 as SCC; in gastric cardia 9 as normal, 11 as
DYS, 9 as CIS and 14 as GCA.
Expression of p53 protein in CC patients (Table 1)
P53 positive immunostaining was observed in the epithelial
and tumor cells of esophagus and gastric cardia. In CC patients,
both SCC and GCA tissues showed a different extent positive
immunostaining of p53 protein (Figure 1,2). In 25 CC patients,
the immunostaining rate of p53 protein in SCC was 60 % (15/
25) and in GCA was 40 % (10/25), and statistical analysis
showed that the difference was not significant (P>0.05).
“Diffuse” was the most frequent immunostaining pattern
observed in both SCC (60 %, 9/15) and GCA (70 %, 7/10).
High coincidence alteration for positive staining of p53 was
observed in SCC and GCA from the same patients, and
accounted for 56 %.
Table 1 Expression of P53 protein in 25 CC patients
P53 immunostaining
Number

Sex/age

SCC
(+/-)a

Immunostaining
pattern

Diffuse

GCA
(+/-a)

001

M/63

+a

-a

002

M/60

-

-

+

003

M/55

+

Diffuse

-

004

M/71

+

Diffuse & Scattered

+

005

F/56

+

Scattered & Diffuse

-

Immunostaining
pattern

Focus & Scattered

Scattered
-

006

M/59

-

-

-

-

007

F/67

-

-

-

-

008

M/62

+

Diffuse

+

Diffuse

009

F/61

+

Diffuse

-

-

010

F/64

+

Scattered

-

-

011

M/65

+

Diffuse

-

Diffuse

012

M/68

+

Diffuse

-

Diffuse

013

M/57

-

-

-

-

014

M/51

+

Diffuse

-

-

015

M/50

-

016

M/67

+

Scattered

-

-

-

Diffuse

017

M/70

+

Focus

-

018

M/67

+

Scattered

-

Scattered

-

019

F/74

-

-

+

Diffuse

020

M/49

-

-

+

Diffuse

021

M/36

-

-

-

-

022

M/70

+

Diffuse

-

-

023

F/74

-

-

-

-

024

F/56

-

025

F/38

+

Scattered

+

Diffuse & Scattered

+: positive immunostaining of P53, - : negative immunostaining
of P53.

a
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Figure 1 Expression of p53 in SCC (×200)

Figure 5 Expression of p53 in NOR (Esophagus) (×200)

Figure 2 Expression of p53 in GCA (×200)

Figure 6 Expression of p53 in NOR (Gastric cardia) (×400)

Figure 3 Expression of PCNA in SCC (×200)

Figure 7 Expression of p53 in CIS (Esophagus) (×200)

Figure 4 Expression of PCNA in GCA (×200)

Figure 8 Expression of p53 in DYS (Gastric cardia) (×100)

Chen H et al. Alterations of p53 and PCNA in concurrent carcinomas

Expression of PCNA protein in CC patients (Table 2)
In CC patients, both SCC and GCA tissues showed a different
extent positive immunostaining of PCNA protein (Figure 3,4).
And the positive immunostaining was observed in the cell
nuclei of tumor and epithelial tissues. In 25 CC patients, the
immunostaining rate of PCNA protein in SCC was 92 % (23/
25) and in GCA was 86 % (19/22), and statistical analysis
showed that the difference was not significant (P>0.05).
“Diffuse” was the most frequent immunostaining pattern
observed in both SCC 57 % (13/23) and GCA 86 % (19/22).
High coincidence alteration for positive staining of PCNA was
observed in SCC and GCA from the same patients, and
accounted for 96 % (24/25).
Table 2 Expression of PCNA protein in 25 CC patients
PCNA immunostaining
Number

Sex/age

SCC
(+/-)a

Immunostaining
pattern

GCA
(+/-a)

Immunostaining
pattern

001

M/63

+a

Diffuse

+a

Diffuse

002

M/60

+

Scattered

+

003

M/55

+

Diffuse

+

Diffuse

004

M/71

+

Scattered & Focus

+

Diffuse

005

F/56

+

Scattered & Diffuse

+

Diffuse

006

M/59

+

Scattered & Focus

+

Diffuse

007

F/67

+

Diffuse

+

Focus

008

M/62

+

Diffuse

+

Diffuse

009

F/61

+

Diffuse

+

Diffuse

010

F/64

+

Scattered

+

Diffuse

011

M/65

+

Focus

+

Diffuse

012

M/68

+

Diffuse

+

Diffuse

Focus & Scattered

013

M/57

-

-

-

-

014

M/51

+

Diffuse

-

-

015

M/50

+

Scattered

+

Diffuse

016

M/67

+

Scattered

+

Diffuse

017

M/70

+

Focus

+

018

M/67

+

Diffuse

+

Scattered

019

F/74

+

Diffuse

+

Diffuse

020

M/49

+

+

Diffuse

021

M/36

+

Diffuse

+

Diffuse

022

M/70

-

-

-

-

023

F/74

+

+

Diffuse

024

F/56

+

Scattered & Focus

+

Diffuse

025

F/38

+

Scattered

+

Diffuse

Scattered & Focus

Diffuse

Scattered & Focus

+: positive immunostaining of PCNA, +: negative immunostaining
of PCNA.
a

Expression of p53 and PCNA in adjacent cancerous tissues
In SCC patients, with the lesions progressed from normal
esophageal epithelium to BCH to DYS to CIS to SCC, an
increasing tendency of p53 protein accumulation and PCNA
expression were observed, the positive rates for p53 were 27 %,
50 %, 50 %, 29 % and 72 %, and 55 %, 70 %, 75 %,71 % and
93 % for PCNA, respectively. In GCA, with the lesions
progressed from normal gastric cardia epithelium to DYS to
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CIS to GCA, the positive rates of p53 expression were 44 %,
27 %, 22 % and 36 % respectively, the difference was not
significant; the positive staining of PCNA protein expression
were 67 %, 64 %, 67 % and 86 %, respectively, positive rates
of PCNA expression in GCA was generally higher than those
in precancerous lesions (Table 3) (Figure 5-8).
Table 3 Expression of P53 & PCNA in precancerous lesions of
adjacent cancerous tissues
P53
Number of samples

PCNA

+

%

-

%

Esophagus
NOR

11

3

27

6

55

BCH

10

5

50

7

70

DYS

8

4

50

6

75

CIS

7

2

29

5

71

SCC

14

10

71

13

93

NOR

9

4

44

6

67

DYS

11

3

27

7

64

CIS

9

2

22

6

67

14

5

36

12

86

Gastric cardia

CGA

DISCUSSION
In this study, indistinguishable overexpressions of p53 and
PCNA protein and the same main immunostaining pattern
(Diffuse) of immunoreaction were observed in primary SCC
and GCA from the same patient. We also found that in CC
patient p53 and PCNA had high coincident alteration in both
SCC and GCA. These results indicated that SCC and GCA in
the same patient might have the similar molecular basis and
mechanism of carinogenesis. These results might be a
molecular explanation of the consistent geographic distribution
of SCC and GCA. That further characterized the molecular
alterations in different stages of SCC and GCA and their
relations with morphological changes would provide more
information to elucidate the carcinogenesis of SCC and GCA.
In this study, high PCNA positive staining rates were observed
in CC patient, both in esophageal and gastric cardia epithelia.
It inferred that in this high-incidence area, the alimentary canal
of patients exposed to similar risk factor might lead the
esophageal and gastric cardia epithelial cells to become the
hotspot of hyperliferation, which might be a molecular evidence
of hypothesis of field cancerization[35,36]. The hypothesis of field
cancerization is an explanation of multiple primary malignant
neoplasms, which consider the tissues of similar architecture
exposed to similar pathogen might occur independently as
precancerous lesions in multiple sites of the organ.
It is very important for the diagnosis of CC and multiple
primary SCC/GCA to exclude local metastasis. In this study,
microscopic observation showed that mixed of SCC and GCA
tissue was observed occasionally in some patients, and the
tissues adjacent to SCC and GCA had different patterns of
precancerous lesions, which were characterized by either
isolated or in succession. These unique information provided
important clues to study the molecular basis of SCC/GCA
carcinogenesis and sensibility.
Through the contrast study of adjacent cancerous tissues
of SCC and GCA, we found that different extent of
overexpressions of p53 and PCNA were already observed in
the apparently normal epithelia and very early precancerous
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lesions of esophagus and gastric cardia. Especially, from
normal epithelia (NOR) to different precancerous lesions to
SCC, of both p53 and PCNA protein positive staining rate
increased accordingly in the esophagus, and PCNA increased
in gastric cardia, but did not show the tendency of increase.
Other researchers’ results showed that from NOR to
precancerous lesions to SCC/GCA, positive staining of p53
and PCNA showed a continuous increasing tendency[14,25,37-44].
So the explanation of our result might be that IHC qualitative
analysis cannot reflect the number of immunostaining cells,
and only show the alteration of immnostaining rates. The use
of quantitative analysis may solve this problem. In this study
we also found that in the stage of CIS, both esophagus and
gastric cardia tissues showed a decrease of positive staining
rate of p53. It might due to that precancerous lesions have an
instable characteristic of bidirectional development, that is, in
the multistage progression course of carcinogenesis
precancerous lesions might progress to cancer, or reverse to
low-grade lesion or even normal[14]. These results inferred that
the molecular changes of SCC and GCA not only were similar
in the ultimate stages but also in the early stages, so the CC
patient might have similar carcinogenetic course in primary
SCC and GCA, but their precise mechanism and biological
significance need further study.
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Abstract
AIM: To study the expression of neurokinin-1 receptor (NK1R) and neurokinin-2 receptor (NK-2R) in distal ileum of
acute necrotizing pancreatitis (ANP) and to evaluate the
relationship between expression of these two receptors and
intestinal mucosal damage.
METHODS: A total of 130 adult Sprague-Dawley rats were
randomly divided into two groups: the rats in ANP group
(n=80) were induced by the retrograde intraductal infusion
of 30 g·L-1 sodium taurocholate. And the rats in normal control
group (n=50) received laparotomy only. Sacrifices were
made 6 h, 12 h, 24 h and 48 h later in ANP and normal
control group after induction respectively. Intestinal mucosal
permeability was studied by intrajejunal injection of 1.5mCi
radioactive isotope 99mTc-diethlene triamine pentacetic acid
(DTPA) and the radioactivity of 99mTc-DTPA content in urine
was measured 6 h, 12 h, 24 h and 48 h after induction.
Then the pancreas and intestine were prepared for
pathology. Reverse transcription polymerase chain reaction
(RT-PCR) was used to determine the mRNA expression of
NK-1R and NK-2R, and Western blot was used to investigate
the protein level of NK-1R and NK-2R.
RESULTS: In ANP rats, serious histologic damages in
intestinal mucosa were observed, and the radioactivity of
99m
Tc-DTPA in urine increased significantly in the ANP group.
RT-PCR revealed that NK-1R and NK-2R mRNA level was
overexpressed in the distal ileum of ANP as compared with
the normal control group. Western blot discovered stronger
NK-1R (14-fold increase) and NK-2R (9-fold increase)
immunoreactivity in the intestinal mucosa of ANP rats.
Moreover, the overexpression of NK-1R was associated with
mucosal pathological score (r=0.77, P<0.01) and intestinal
permeability (r=0.68, P<0.01) in ANP rats.
CONCLUSION: NK-1R and NK-2R contribute to disrupted
neuropeptides loop balance, deteriorate intestinal damage,
and are involved in pathophysiological changes in ANP.
Shi X, Gao NR, Guo QM, Yang YJ, Huo MD, Hu HL, Friess H.
Relationship between overexpression of NK-1R, NK-2R and
intestinal mucosal damage in acute necrotizing pancreatitis.
World J Gastroenterol 2003; 9(1): 160-164
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INTRODUCTION
Acute necrotizing pancreatitis (ANP) has a complicated and
ill-defined pathophysiology. It is associated with a high
complication rate and unpredictable outcom, with a mortality
rate of 10-45 %[1]. The hypothesis that ANP promotes bacterial
translocation, leading to infection in the inflamed pancreas and
peripancreatic tissue, has been studied in rats fed with
fluorescent beads, sensitive inert markers of translocation[2].
The results suggested a translocated bacteria route for
pancreatic infection. Normal intestinal mucosal barrier can keep
the bacteria from translocation, however, this barrier is
damaged in ANP[3,4]. The mechanism, which leads to the
dysfunction of mucosal barrier, remains unclear [5-9].
Recent studies have revealed the important role of
Substance P (SP) and its receptors in ANP[10-13]. However, the
expression of SP’s two receptors- neurokinin-1 receptor (NK1R) and neurokinin-2 receptor (NK-2R) in intestinal mucosa
of ANP, remains unclear. And their roles in mucosal damage
has not been revealed.
Therefore, in the present study the mRNA of NK-1R and
NK-2R in intestinal mucosa of ANP was analyzed using reverse
transcription polymerase chain reaction (RT-PCR), the protein
level of these two receptors was analyzed by Western blot.
And the relationship between mRNA level and intestinal
mucosal damage/intestinal permeability was also investigated.
MATERIALS AND METHODS
Animals
Adult Sprague-Dawley rats weighing 250-300 g were obtained
from the Laboratory Animal Center of Southeast University, and
fed with standard rat chow. Animals were fasted overnight
and anesthetized with 20 g·L -1 sodium pentobarbital
(intraperitoneal injection). ANP models (n=80) were induced by
the retrograde intraductal infusion of 30 g·L-1 sodium taurocholate
(0.1 ml·min-1·kg-1). And the rats in normal control group (n=50)
received laparotomy, the duodenum was taken out of the
abdominal cavity and the pancreas was turned over for three times.
Sacrifices were made 6 h, 12 h, 24 h and 48 h later in ANP
and normal control group after induction respectively. The
distal ileum, pancreas and blood in portal vein were obtained
for further studies. Freshly removed tissue samples were
immediately fixed in paraformaldehyde solution for 12-24
hours and paraffin-embedded for routine histopathologic
analysis. Concomitantly, tissue samples destined for RNA and
protein extraction were immediately snap-frozen in liquid
nitrogen and maintained at -80 until use. Blood was obtained
for serum amylase determinations.
Pathological examination for intestinal mucosa and pancreas
Paraffin-embedded tissue sections (2-3 mm thick) were
subjected to hematoxylin & eosin staining. Intestinal mucosal
damage was evaluated blindly under microscope by two
pathologists[14, 15].
Determinatins of intinstinal mucosal permeability
Intestinal mucosal permeability was investigated by intrajejunal
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injection of 1.5mCi radioactive isotope 99mTc (Chinese Institute
of Nuclear Power)-diethlene triamine pentacetic acid (DTPA,
Chinese Institute of Nuclear Power) and the radioactivity of
99m
Tc-DTPA content in urinary were measured 6 h, 12 h, 24 h
and 48 h after induction. Urinary volume was measured and
radioactive impulse was determined using radio-immunity γ
counter. Intestinal mucosal permeability was calculated using
the following formula: Intestinal mucosal permeability (%)=
99m
Tc-DTPA excretory rate (%)=[(urine-background)×volume]
/(sdandard-background)×100%[16, 17].

RNA extraction and RT-PCR
Total RNA was extracted using the single-step guanidinium
isothiocyanate method, as previously reported[18,19]. Following
DNAse treatment, total RNA was reversely transcribed into
cDNA using random hexamers according to the manufacturer’s
instructions (Roche Diagnostics, Rotkreuz, Switzerland). The
primers were designed using Primer Express software
(Germany) and synthesized by Amplimmun (Amplimmun AG,
Madulain, Switzerland). The sequence is shown in Table 1.
Table 1 The sequence of primers used for RT-PCR
Primers Sequence

Primer size (bp)

PCR products size (bp)

NK-1R
Forward primer

5'- CAT CAA CCC AGA TCT CTA CC -3'

20

Reverse primer

5'- GCT GGA GCT TTC TGT CAT GGA -3'

21

Forward primer

5'-CAT CAC TGT GGA CGA GGG GG-3'

20

Reverse primer

5'-TGT CTT CCT CAG TTG GTG TC-3'

20

380

NK-2R
491

GAPDH
Forward primer

5'- TGA AGG TCG GTG TCA ACG GAT TTG GC-3' 26

Reverse primer

5'- CAT GTA GGC CAT GAG GTC CAC CAC-3' 24

999

PCR amplification was carried out using either NK-1R or
NK-2R or GAPDH in a final volume of 25 µl with a PerkinElmer GeneAmp System 9 700 and 0.625 U of Taq DNA
polymerase (Roche Diagnostics GmbH, Mannheim, Germany).
Cycling conditions were as follows: 35 cycles of denaturation
at 94 for 1 min, annealing at 62 for 1 min and elongation
at 72
for 2.5 min. The first PCR cycle was preceded by
denaturation at 94
for 3 min, and last PCR cycle was
for 10 min.
followed by incubation at 72
For each PCR reaction, an identical tube containing the same
amount of regent, and same amount of water was substituted
for cDNA in these tubes. These tubes served as negative control
of PCR.
RNA concentrations and PCR were titrated to establish
standard curves to document linearity and to permit
semiquantitative analysis of signal strength[20-22]. Amplified
PCR products were separated by electrophoresis through a 1 %
agarose gel at 45 V for 120 min. The cDNA bands were
visualized by ultraviolet illumination after the gels were stained
with 0.5 g·L-1 ethidium bromide dissolved in Tris-borate-EDTA
buffer (89 mM Tris, 89 mM boric acid, 2.5 mM EDTA, pH 8.2).
The gels were photographed, and the films were scanned and
analyzed with a computerized densitometer (Image-Pro Plus,
Version 3.0.01).

Western blot
Western blot for NK-1R and NK-2R was performed as
previously reported with certain modifications [18,19]. Briefly,
200 mg of tissue samples were powered in liquid nitrogen and
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then homogenized in lysis buffer (50 mM Tris-HCl, pH 7.5,
150 mM NaCl, 2 mM EDTA, 1 % SDS) supplemented with a
protease inhibitor cocktail (Roche Diagnostics, Rotkreuz,
Switzerland). The lysate was collected and centrifuged at 4
for 10 min with 14 000 rpm to remove the insoluble material.
The protein concentration was measured by spectrophotometry
using the BCA protein assay (Pierce, Rockford, IL, USA). For
each sample, 40 mg of protein was separated on 12 % SDSpolyacrylamide gels and electroblotted onto nitrocellulose
membranes.
The blots were incubated in blocking solution (50 g·L-1 nonfat milk in 20 mM Tris-HCl, 150 mM NaCl, 1 g·L-1 Tween-20
[TBS-T]), followed by incubation with 1:1 000 dilution of goat
anti-rat NK-1R antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) or 1:1 000 dilution of goat anti-rat NK-2R
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
at 4 overnight. The membranes were then washed with TBST and incubated with donkey anti-goat IgG (1:3 000 dilution)
for 60 min at room temperature. Antibody detection was
performed with an enhanced chemiluminescence reaction (ECL
Western blotting detection, Amersham Life Science,
Amersham, UK).

Statistical analysis
Results were expressed as mean ± SD. Statistical analysis was
made using the Prism software (Prism, GraphPad Software
Inc., San Diego, CA, USA). The comparative statistical
evaluations among groups were done using the Mann-Whitney
U test or Chi-square test. Spearmann correlation analysis was
used for correlation analysis of the parameters. Significance
was defined as P<0.05.
RESULTS
Serum amylase and pathological examination
Serum amylase increased significantly in ANP group as
compared with normal controls (P<0.01). The diagnoses of
ANP were confirmed by gross appearance and microscopy. In
ANP group, mucosal edema, epithelia degeneration, necrosis
or even abscission were observed after 6 h. Hemangiectasia,
hemorrhage and inflammatory cell infiltration were revealed
in mucosa or submucosa (Table 2).
Table 2 The pathological score of intestinal mucosa
Groups

0h

6h

Control

0.92±0.47

0.90±0.35

ANP

2.11±0.47

12 h

24 h

0.93±0.38
a

2.65±0.49

48 h

0.93±0.29
b

1.07±0.36

3.91±0.82 4.89±1.21b
b

P<0.05 vs each time point of control group, respectively; bP<0.01
vs each time point of control group, respectively

a

Intestinal mucosal permeability change in ANP rats
The intestinal mucosal permeability was determined using
isotope. The results revealed that permeability increased
significantly after 6 h (Table 3).
Table 3 Changes of intestinal mucosal permeability
Groups

0h

6h

Control 0.0411±0.0156 0.0455±0.0174
ANP
a

12 h

24 h

48 h

0.0532±0.0188 0.0693±0.0153 0.0698±0.0223

0.2367±0.1132a 0.3457±0.0473a 0.6651±0.1411a 0.7021±0.1523a

P<0.01 vs each time point of control group, respectively
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mRNA expression of NK-1R and NK-2R in distal ileum
The rats were sacrified 6 h, 12 h, 24 h or 48 h after model inducing,
distal ileum was obtained for determination of NK-1R and NK2R mRNA. Figure 1 shows the amplification plot at the time point
of 6 h. The gene above had been amplified effectively, and
amplification of GAPDH was comparable in each sample, which
suggested comparable mRNA in each sample (Figure 1B, 1D),
whereas amplification of NK-1R in normal controls was so weak
that some of the samples could only been observed in the gel. In
contrast, the amplification of NK-1R in ANP group was relatively
stronger (Figure 1A). The expression of NK-2R was similar to
NK-1R (Figure 1C). After 12 h, 24 h or 48 h, the expression of
above genes maintained the same pattern as before.
N M

1

2

3

4

5

6

7

8

9

10
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Correlation of expression of NK-1R and NK-2R with intestinal
mucosal damage
We then evaluated whether there was a relationship between
the expression levels of these two genes and intestinal
mucosal pathological score and permeability. A significant
relationship between NK-1R mRNA and mucosal pathological
score (r=0.77, P<0.01) was found (Figure 2A). Furthermore,
statistical analysis revealed a significant relationship between
NK-1R mRNA and mucosal permeability (r=0.68, P<0.01,
Figure 2B). Although NK-2R mRNA was overexpressed in
ANP, there was no significant relationship between this gene
expression and intestinal mucosal pathological score (r=0.32,
P=0.31) and permeability (r=0.28, P=0.21).
NK-1R and NK-2R protein expression in distal ileum
We then performed the Western blot analysis in controls and
ANP group. All the normal controls exhibited approximately
46 kDa band of NK-1R protein of weak intensity. In contrast,
the ANP samples showed a more intense signal (Figure 3A).
The densitometric analysis demonstrated a 14-fold increase
of NK-1R protein level in ANP ileum compared with the
normal ileum (P<0.01).
When Western blot analysis for NK-2R was performed,
similar pattern was observed, protein signal was weak in normal
control, but much stronger in ANP group (Figure 3B).
Densitometry revealed a 9-fold increase of NK-2R in ANP
ileum (P<0.01).

11

A

B

C

control

ANP

D
Figure 1 Amplification results of NK-1R,NK-2R and GAPDH
from RT-PCR in control and ANP intestinal tissue. A: amplification results of NK-1R; C: amplification results of NK-2R; B,
D: amplification results of GAPDH. N: PCR negative control;
M: PCR Marker (upper to lower: 1 000, 800, 600, 400, 200 and
100bp); 1-5: group of normal control; 6-11: group of ANP

Mucosal pathological score

A

NK-2R

B

10
8

Figure 3 Western blot revealed the protein level of NK-1R (A)
and NK-2R (B) in normal control and ANP intestinal tissue
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Figure 2 The expression level of NK-AR mRNA was correlated with intestinal mucosal pathological score (A) and mucosal permeability (B) in ANP rats

DISCUSSION
Intestinal bacterial translocation is the main source leading to
infection of pancreas, whereas this translocation is dependent,
to some degree, on the function of intestinal mucosal barrier.
Intestinal mucosal barrier is made up of mechanical, biological,
immunologic and chemical barrier, while the mechanical
barrier is the fundamental one, which can prevent large
molecule and bacteria from passing through[23,24]. More and
more evidence showed that gut barrier dysfunction is related
to multiorgan system failure in sepsis and immune
dysregulation[25-35]. Pancreatitis-induced hypovolaemia due to
endothelial barrier leakage and gut arteriovenous shunting
causes intestinal ischaemia and reperfusion injury with
concomitant gut barrier dysfunction. Gut endothelial barrier
dysfunction probably plays a central role. Potential molecular
mechanisms could be associated with alterations in intracellular
signal transduction, intercellular signal and expression of
adhesion molecules on endothelial cells. Bacterial infections are
often seen during the progression of ANP, concomitant with
the potential development of multiple organ dysfunction [36,37].
The mechanisms underlying gut barrier dysfunction in acute
pancreatitis are thus complex and still not fully elucidated.
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SP is synthesized by small-diameter C sensory ‘pain’ fibers,
and release of this peptide into the dorsal horn of the spinal
cord following intense peripheral stimulation was thought to
promote central hyperexcitability (central sensitization)[38,39].
In addition, it could result in plasma extravasation, neutrophil
infiltration, and vasodilatation. In rats, both SP and NK-1R
selective agonist stimulated pancreatic plasma extravasation,
and this response was blocked by the NK-1R antagonist.
Selective agonist of NK-2R showed no effect[12]. Continuous
infusion of SP stimulated plama extravasation in rat pancreas
via activation of NK-1R[40-42].
In the present study, expression of NK-1R and NK-2R
mRNA was investigated by RT-PCR and the protein levels of
NK-1R and NK-2R were determined using Western blot
analysis in normal control and ANP intestines. The results
revealed that both NK-1R and NK-2R were overexpressed in
ANP intestines, and the overexpression of NK-1R was
correlated with mucosal damage in ANP rats. Increased level
of SP[43] in ANP, together with overexpression of its receptorsNK-1R and NK-2R, results in excessive biological effect, such
as aggregation of neutrophilic granulocyte, cascade release of
inflammatory transmitter, tissue fluid and plasma extravasation,
thus resulting in deterioration of intestinal pathological changes
and gut barrier dysfunction, and facilitating gut bacterial
translocation.
Better understanding of the molecular biological changes
in ANP will provide novel therapies to this disease. Once
specific receptors were identified, selective atagonists which
blocked these receptors would have therapeutic effects.
Antagonists against NK-1R have showed some effects in acute
pancreatitis on animal models[12,42]. Knowledge about the
regulating events will probably make future pharmacological
therapy available for prevention and treatment of the severe
complications of ANP, including gut barrier dysfunction.
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Abstract
AIM: To investigate the effects of oxytocin (OT) on isolated
rabbit proximal colon and its mechanism.
METHODS: Both longitudinal muscle (LM) and circular
muscle (CM) were suspended in a tissue chamber containing
5 mL Krebs solution (37 ℃), bubbled continuously with
950 mL·L-1 O2 and 50 mL·L-1 CO2. Isometric spontaneous
contractile responses to oxytocin or other drugs were
recorded in circular and longitudinal muscle strips.
RESULTS: OT (0.1 U·L-1) failed to elicit significant effects
on the contractile activity of proximal colonic smooth muscle
strips (P >0.05). OT (1 to 10 U·L-1) decreased the mean
contractile amplitude and the contractile frequency of CM
and LM. Hexamethonium (10 µmol·L-1) partly blocked the
inhibition of oxytocin (1 U·L-1) on the contractile frenquency
of CM. Nω-nitro-L-arginine-methylester (L-NAME, 1 µmol·L-1),
progesterone (32 µmol·L-1) and estrogen (2.6 µmol·L-1) had
no effects on OT-induced responses.
CONCLUSION: OT inhibits the motility of proximal colon in
rabbits. The action is partly relevant with N receptor, but
irrelevant with that of NO, progesterone or estrogen.
Xie DP, Chen LB, Liu CY, Liu JZ, Liu KJ. Effect of oxytocin on
contraction of rabbit proximal colon in vitro. World J Gastroenterol
2003; 9(1): 165-168
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INTRODUCTION
Oxytocin (OT) is a very abundant neuropeptide. The structure
of the OT gene was elucidated in 1984[1], and the sequence of
the OT receptor was reported in 1992[2]. OT exerted a wide
spectrum of central and peripheral effects[3-5]. It was reported
that hypothalamic paraventricular nucleus is a site of
controlling gastric function [6], oxytocin facilitated the
manifestation of inhibitory effects of hypothalamus on the
motor function of gastrointestinal tract[7]. The experiments on
rats had shown that gastric motility was inhibited by
microinjection of oxytocin into the dorsal motor nucleus of
the vagus (DMN), and that the inhibition of gastric motility
after electrical stimulation of the hypothalamic paraventricular
nucleus was blocked by microinjection of an oxytocin receptor
antagonist directly into the DMN. These results suggested that
oxytocin acted on the gastric motility via DMN[8]. The reports
on peripheral action of oxytocin to influence gastrointestinal

(GI) motility were controversial: OT decreases the contractions
of the guinea pig stomach in vitro, and inhibits the tone and
peristaltic contractions of stomach and small intestines in
fasting dogs in vivo[9]; but increases the gastric emptying of
semisolid food in normal human and the contractions of gastric
smooth muscle strips in rats[10]. The effect of oxytocin on
colonic motility is still unknown.
OTR is functionally coupled to GTP binding proteins,
stimulates the activity of phospholipase C-β isoforms. Finally,
a variety of cellular events are initiated. For example, the forming
Ca2+-calmodulin complexes triggers the activation of neuronal
and endothelial isoforms of nitric oxide (NO) synthase[11]. Steroid
hormones were reported to control oxytocin receptor (OTR)
activity via both genomic and nongenomic pathways[12]. Estrogen
induces the OTR mRNA expression, and then increases the OTR
density on the membrane of the uterus smooth muscle and central
nervous system[13,14]; on the other hand, progesterone inhibits
the nuclear OTR mRNA expression, and decreases the sensitivity
of the target cell on OT stimulation[15,16]; progesterone was
also reported to bind to OTR with high affinity and inhibit
the receptor function[17]. In this study, we investigated the
effect of OT on proximal colonic motility of rabbits; We also
investigated if the OT-induced responses were relevant with
NO, steroid hormones or N receptor.

MATERIALS AND METHODS
Animal preparation
Rabbits of both sexes, weighing 1.5-2 kg, were fasted for 24hour and sacrificed. The proximal colon (1 cm from the
cecocolonic junction) was removed. The segment of the colon
was opened along the mesentery. Muscle strips (8×2 mm) were
cut, parallel to either the circular or the longitudinal fibers,
and named circular muscle (CM) and longitudinal muscle
(LM). The mucosa on each strip was carefully removed.
Experiments
The muscle strip was suspended in a tissue chamber containing
5 mL Krebs solution (37 ℃) and bubbled continuously with
950 mL·L-1 O2 and 50 mL·L-1 CO2[18]. One end of the strip was
fixed to a hook on the bottom of the chamber. The other end
was connected to an external isometric force transducer (JZBK,BK). Motility of colonic strips (under an initial tension of
1 g) in 2 tissue chambers were simultaneously recorded on
ink-writing recorders (LMS-ZB, Cheng-Du). After 1 h
equilibration, OT (0.1, 1, 10 U·L-1) was added in the tissue
chamber to observe their effects on proximal colon; Nω-nitroL - a r g i n i n e - m e t h y l e s t e r ( L - N A M E , 1 µ m o l · L -1) ,
hexamethonium (10 µmol·L-1, progesterone (32 µmol·L-1) or
estrogen (2.6 µmol·L-1), given 3 min before the administration
of OT (1 U·L-1), was added separately to investigate whether
the actions of OT were relevant with NO, N receptor or steroids.
The resting tension, the contractile frequency, and the mean
contractile amplitude of LM and CM were measured.
Drugs preparation
The following agents were used: oxytocin (Biochemical
Pharmaceutical Company, Shanghai, China), Nω-nitro-Larginine-methylester (L-NAME) and hexamethonium (Sigma
Chemical Company), progesterone and estrogen (The Ninth
Pharmaceutical Factory in Shanghai).
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Data analysis
The results were presented as x±s, and statistically analyzed
by paired t test, P<0.05 was considered to be significant.
RESULTS
Effect of OT on the spontaneous contraction of colonic
smooth muscle strips
20

LM

Ｃｏｎｔｒａｃｔｉｌｅ
ａｍｐｌｉｔｕｄｅ ／ ｍｍ

15

a

a

OT (0.1 U·L-1) failed to elicit significant effects on the contractile
activity of proximal colonic smooth muscle strips (P>0.05). OT
(1 to 10 U·L-1) decreased the mean contractile amplitude and
the contractile frequency of CM and LM (Figure 1, Figure 2). It
had no significant effects on the resting tension of CM and LM.

Effect of hexamethonium on the OT-induced responses
Hexamethonium (10 µmol·L-1) had no significant effect on
the contractile activity of each colonic smooth muscle strip.
Hexamethonium given 3 minute before administration of OT
(1 U·L-1) decreased OT-induced inhibition on the contractile
frenquency of CM (Figure 3). It had no significant effects on
the other action of OT.
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Figure 3 Effect of oxytocin on the contractile frequency of circular
muscle (CM) of proximal colon after hexamethonium pretreatment
in rabbits. OT, oxytocin; Hex, hexamethonium. aP<0.05 vs control,
b
P<0.05 vs oxytocin, n=6.
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Figure 1 A: Effect of oxytocin on the mean contractile amplitude
of longitudinal muscle (LM) of proximal colon in rabbits. B: Effect of oxytocin on the mean contractile amplitude of circular
muscle (CM) of proximal colon in rabbits. aP<0.05 vs control, n=10.

Contractions / min-1

2.5

Effect of progesterone and estrogen on the OT-induced
responses
Progesterone (32 µmol·L-1) and estrogen (2.6 µmol·L-1) had
no significant effects on proximal colonic motility. When given
3 min before the administration of OT (1 U·L-1), neither
progesterone nor estrogen had significant effects on OTinduced responses.

LM

2

a
a

1.5
1
0.5

A

0
Control

B

0.1

1

a

a

0.1

1

U/L

CM

1.4
Contractions / min-1

0.01

1.2
1
0.8
0.6
0.4
0.2

B

0
Control

0.01

Effect of L-NAME on the OT-induced responses
L-NAME (1 µmol·L-1) itself had no significant effects on
proximal colon in rabbits. When given 3 min before the
administration of OT (1 U·L-1), It had no significant effects on
OT-induced responses.

U/L

Figure 2 A: Effect of oxytocin on the contractile frequency of
longitudinal muscle (LM) of proximal colon in rabbits. B: Effect of oxytocin on the contractile frequency of circular muscle
(CM) of proximal colon in rabbits. aP<0.05 vs control, n=10.

DISCUSSION
The present study revealed that oxytocin 1 U·L-1 to 10 U·L-1
inhibited the spontaneous contractile motility of proximal
colonic smooth muscle in rabbits. Petring et al reported that
veneinjection of oxytocin could increase the gastric emptying
of semisolid food in normal human[10]. Oxytocin10-100 U·L-1
stimulated the spontaneous contractile motility of gastric body
and gastric antrum in rats in vitro. But oxytocin (10 pmol·L-110 nmol·L-1) suppressed the spontaneous contractions of
circular smooth muscle from guinea-pig gastric antrum and
gastric emptying in male rats[19,20]. Therefore, it seems that there
are species, region and OT concentration differences in OTinduced contractions in gastrointestinal tract.
Our results showed that hexamethonium partly blocked the
decreasing action of oxytocin on the contractile frequency of
colonic strips, but not that of the contractile amplitude of the
strips. These results suggested that oxytocin partly inhibited the
contractile frequency of colonic strips via ganglion N receptor.
NO is found to be an inhibitory neurotransmitter of enteric
neurons. NOS neurons has been identified in the myenteric
plexus[21-23]. The action of OT has been reported to relevent

Xie DP et al. Oxytocin and proximal colon

with NO[24] We observed the effect of L-NAME (inhibitor of
NOS activity) on the inhibitory action of oxytocin to decide
weather oxytocin inhibits the colonic contraction via NO
synthetic pathway. The results showed that L-NAME had no
effect on the inhibitory action of oxytocin, which suggested
that the inhibitory action of oxytocin on colonic motility was
irrelevant with NO.
OT has been identified to exert the actions via OT receptors
in many tissues, including the hypothalamus, uterus, kidney,
pancreas, heart, vasculature, and thymus[25-30]. Oxytocin
receptor are suggested to be present on the members of guineapig antral smooth muscle cells[19]. OT might act on the proximal
colonic smooth muscle via selective oxytocin receptor, which
still need to be further studied.
The function and physiological regulation of the OT system
has been reported to be strongly steroid dependent[31,32]. But
our results showed that both progesterone and estrogen had
no significant effects on OT-induced responses.
Effects on the gastrointestinal tract muscle during pregnancy
are caused primarily by hormonal changes, such as
progesterone, estrogen, and other hormones [33]. Motility
changes occur throughout the gastrointestinal tract during
pregnancy, including colonic transit manifested primarily as
abdominal bloating and constipation[34]. Both progesterone and
estrogen have been shown to inhibit colonic motility and transit
in rats [35]. But Hinds and associates [36] reported that no
significant differences in colon transit were found between
phase of the menstrual cycle or between women and men. Our
results also showed that neither progesterone nor estrogen
affected the proximal colonic motility in rabbits. OT was
another hormone relate to pregnancy, and its plasma
concentration was higher in late pregnancy[37,38]. Our results
showed that OT inhibited the colonic motility. Results from
these studies provided new insight into the mechanisms
controlling colonic motility during pregnancy and may form
the basis for drug treatments of colonic motility disorders.
In conclusion, oxytocin inhibit the contractile activity of
proximal colonic smooth muscle of rabbits in vitro. The action
is partly relevant with N receptor, but irrelevant with that of
NO, progesterone or estrogen.
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Abstract
AIM: To investigate experimentally the effects of methionine
enkephalin on signal transduction of mouse myeloma NS-1
cells.
METHODS: The antigen determinate of delta opioid
receptor was designed in this lab and the polypeptide
fragment of antigen determinate with 12 amino acids
residues was synthesized. Monoclonal antibody against this
peptide fragment was prepared. Proliferation of Mouse NS1 cells treated with methionine enkephalin of 1×10-6 mol·L-1
was observed. The activities of protein kinase A (PKA) and
protein kinase C (PKC) were measured and thereby the
mechanism of effect of methionine enkephalin was postulated.
RESULTS: The results demonstrated that methionine
enkephalin could enhance the proliferation of NS-1 cells and
the effect of methionine enkephalin could be particularly
blocked by monoclonal antibody. The activity of PKA was
increased in both cytosol and cell membrane. With reference
to PKC, the intracellular activity of PKC in NS-1 cells was
elevated at 1×10-7 mol·L-1 and then declined gradually as
the concentration of methionine enkephalin was raised. The
effects of methionine enkephalin might be reversed by both
naloxone and monoclonal antibody.
CONCLUSION: Coupled with the findings, it in-dicates that
the signal transduction systems via PKA and PKC are involved
in the effects of methionine enkephalin by binding with the
traditional opioid receptors,and therefore resulting in different
biological effects.
Liu XH, Huang DA, Yang FY, Hao YS, Du GG, Li PF, Li G. A new
cytokine: the possible effect pathway of methionine enkephalin.
World J Gastroenterol 2003; 9(1): 169-173
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INTRODUCTION
A number of studies have documented the involvement of
endogenous opioid peptide on the cellular functions. It has
been known that opioid receptors exist on the surface of cells
pertinent to immune function, and that the activation or
inhibition of these receptors may enhance or down regulate

some cell activities. Methionine enkephalin, the native opioid
peptide, has been identified and defined as a cytokine because
of its non-neurotransmitter function and sharing all of the major
properties of cytokines[1-4]. Although numerous studies have
shown that opioid-induced alteration of cellular function can
be mediated indirectly via the central nervous system (CNS)
or through direct interaction with cells, the precise cellular
mechanisms underlying the immunomodulatory effects of
opioids are largely unknown.
It is especially true that the opioid receptors contain
consensus sites for phosphorylation by numerous protein
kinases. Protein kinase C (PKC) has been shown to catalyze
the in vitro phosphorylation of delta-opioid receptors and to
potentiate agonist-induced receptor desensitization[5,6]. On the
other hand, studies suggest that acute and chronic opioid can
regulate the cAMP-dependent protein kinase (PKA) signaling
pathway and the changes in this pathway may be involved in
opioid tolerance[7-9]. It has been documented that increased PKA
activity can maintain cellular tolerance to opioid receptor
agonist by chronic opioid treatment[10].
Although there is mounting evidence supporting the concept
that opioids are members of the cytokine-like family, the
relative contribution of the opioids to immunoregulation
remains unclear. Furthermore, little has been studied how
methionine enkephalin acts as binding with the receptor of
cell surface and trigger the intracellular biological events via
some kinases. In this series of experiments, we analyzed the
effect of methionine enkephalin, the endogenoue opioid, on
the activities of PKA and PKC at various dosages. The effects
of monoclonal antibody and naloxone were also determined
so that the mechanism of effect of methionine enkephalin on
the signal transduction will be further clarified.

MATERIALS AND METHODS
Materials
Methionine enkephalin, naloxone, dithiothreitol (DTT),
leupeptin, histone, phosphatidyl serine (PS), diacylglycerol
(DG) and ATP were purchased from SIGMA; DMEM medium,
b o v in e ser um alb u m in ( BSA) an d 1 - eth - 3 - 3 - d im ethylaminopioply carbodimde-HCl (EDC) were purchased
from GIBCO; phenylmethyl sulfonyl fluoride (PMSF) and
egtazic acid (EGTA) were from SERVAL.
Methods
Design of polypeptide fragment of delta opioid receptor
Delta opioid receptor is composed of 372 amino acids residues.
Hydrophilic analysis and structure prediction were performed
in our laboratory by typing the sequence of opioid receptor
into a special computer program designed according to the
principle of prediction of antigen determinants, and by which
fragment of antigen determinant was selected[11]. The amino
acids residues sequence of antigen determinant was selected
from the 3rd hydrophilic peak based on the feature of possibility
of antigen determinant and listed as follows: NH2-Gly-SerLeu -Arg-Arg-Pro-Arg-Gln-Ala-Thr-Thr-Arg-COOH.
Synthesis of polypeptide fragment and preparation of
monoclonal antibody Polypeptide fragment with 12 amino
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acids residues of delta opioid receptor was synthesized in North
West University, USA. Monoclonal antibody against this
polypeptide fragment was prepared according to the routine
procedure. In short, BABL/C mice was immunized with
synthesized polypeptide fragment conjugated with bovine
serum albumin in complete Freunds adjuvant at 2- to 3-week
intervals. The splenic cells separated from mice were fused
with myeloma cells to form a stable antibody-producing
hybridoma cell line. Positive clones were screened by the
method of ELISA and inoculated into BALB/C mice. The
antibody was harvested from ascitic fluid and purified with
affinity chromatography. The titers of monoclonal antibodies
were higher than 3 000. The specificity and effects of
monoclonal antibody were verified in this experiment.
Effect of methionine enkephalin on proliferation of NS-1
cell lines NS-1, Mouse myeloma cell line, was cultured in
DMEM medium containing 10 % fetal calf serum at 37
in
a humidified atmosphere of 5 % CO2. After the cell growth
occupied full of the bottom of the flasks, the cells were washed
once and resuspended in medium at a density of 5×104 cells
per ml. 1 ml of the cells per well was liquated in a 24 wells
plate. When the cells were grown about 70 % full of wells, the
supernatant was taken out. Then the cells were resuspended in
1 ml of medium without serum and cultured for one more day.
After 1 d, supernatants in all wells were removed and the cells
were resuspended in 1 ml of medium (with 10 % fetal calf
serum). The cells were administrated with 1×10-6 mol·L-1 of
methionine enkephalin. Different concentrations of
monoclonal antibody (0.1-10×10-9 mol·L-1) were used to block
the effect of methionine enkephalin. The culture was continued
for 2 d and then pulsed with 18.5×103 Bq of 3H-TdR in each
well. 4 h later, the cells were harvested onto glass microfiber
filter using a multiple sample harvester. The incorporation of
3
H-TdR was measured by using LKB 1209 Rackbeta liquid
scintillation counter.
Determination of protein kinase A activity NS-1 cells were
adjusted to 5×104 cells per ml with DEME medium (containing
10 % fetal calf serum) and aliquot into 24 well plate at 1 ml
cell suspension per well. When the cells were grown about
70 % full of the wells, the supernatant was taken out. Then the
cells were resuspended in 1 ml of medium without serum,
cultured for one more day and added 1×10 -6 mol·L -1 of
methionine enkephalin. For the blocking assay, the different
concentration of monoclonal antibody (0.1-10×10-6 mol·L-1)
and naloxone (0.1-10×10-6 mol·L-1) were added at the same
time. After 24 h, the cells were collected, resuspended in 500 µl
of buffer A (containing 200 mmol·L-1 Tris-HCl pH 7.5, 0.25
mol·L -1 sucrose, 2 mmol·L -1 edetic acid, 2 mmol·L -1
dithiothreitol, 10 mg·L-1 leupeptin and 0.5 mmol·L-1 PMSF)
and destroyed by supersonic instrument for 2 min in ice bath.
The supernatants were collected following a spin at 10 000 g
for 45 min and defined as the cytosol fraction. The pellet was
resuspended in 400 µl of buffer A containing 0.5 % Triton X100, supersonically destroyed for 2 min and defined as the
membrane fraction. The measurement of PKA activity was
carried out as described with modifications[12]. In short, 40 µl
of extracted enzyme fractions were mixed with 160 µl of the
solution at the final concentration of 20 mmol·L-1 Tris-HCl
pH 7.5, 5 mmol·L-1 MgCl2, 0.25 g·L-1 BSA, 0.5 g·L-1 histone,
2×10-7 mol·L-1 ATP (γ-32P ATP, 3.7×104 Bq) and 8.0 µmol·L-1
of cAMP at 37 for 10 min. After followed by incubation in
ice bath for 5 min to terminate the reaction,150 µl of the solution
from each sample was collected onto Whatmen GF/C filter
paper. After washing 2× with 10 % TCA-2 % phosphoric acid
for 30 min at room temperature followed by 2× wash with 5 %
TCA for 30 min, the activities of PKA were measured by using
liquid scintillation counter and expressed as pmol value of 32P
in histone catalyzed by per mg protein per min.
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Determination of protein kinase C activity The procedures
of cell treatment and enzyme extraction were similar to that
described in the determination of PKA instead of cells
resuspended in 500 µl of buffer B (buffer A+10 mmol·L-1 egtazic
acid). The final volume was 200 µl with final concentration of
20 mmol·L-1 Tris-HCl pH 7.5, 5 mmol·L-1 MgCl2, 0.25 g·L-1
BSA, 0.5g·L-1 histone, 2×10-5 mol·L-1 ATP ([γ-32P] ATP, 3.7×104
Bq), and 40 µl of extracted enzyme fraction. The measurement
of activity of PKC was performed as described by Choi et al.
with modification[13]. Briefly, 5 mmol·L-1 CaCl2, 80 mg·L-1 PS
and 3 mg·L-1 DG were added into reaction system. The
collection and assay of samples and the addition of methionine
enkephalin, also monoclonal antibody and naloxone, were
according to the measurement of PKA. The activities of PKC
were expressed with pmol value of 32P in histone catalyzed by
per mg protein per min (pmol·mg-1·min-1).

Statistical analysis
The data were expressed as x±s obtained from at least 3
independent experiments and analyzed by t test.
RESULTS
Effects of methionine enkephalin on the proliferation of NS1 cells
Methionine enkephalin could stimulate the proliferation of
NS-1 cells. When 1×10 -6 mol·L-1 of methionine enkephalin
was added into the cultured cells, the cells could proliferate
up to 109 %. Monoclonal antibody at a lower concentration
of 0.1×10-9 mol·L-1 could not block the effect of methionine
enkephalin. Whereas 1 and 10×10 -9 mol·L-1 of monoclonal
antibody could reverse the enhancing effect of methionine
enkephalin on the cell proliferation that showed significantly
the differences as compared with treatment group of methionine
enkephalin alone (Figure 1).
Incorpration of 3H-TdRx102(dpm+s)
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Figure 1 Blockage of monoclonal antibody to the effect of
methionine enkephalin on the proliferation of NS-1 cells. Treatment groups; 1: control group; 2; 1×10 -6 mol·L-1 methionine
enkephalin; 3; 1×10-6 mol·L-1 methionine enkephalin plus 1×10-10
mol·L-1 monoclonal antibody. 4; 1×10-6 mol·L-1 methionine enkephalin plus 1×10-9 mol·L-1 monoclonal antibody. 5; 1×10-6
mol·L-1 methionine enkephalin plus 1×10-8 mol·L-1 monoclonal
antibody. n=3 from 3 independent experiments. bP<0.05 and
c
P<0.01 vs control group, eP<0.05 and fP<0.01 vs group 2

Effects of methionine enkephalin on the activity of PKA
Methionine enkephalin at various concentrations could
enhance the level of activity of PKA in cytosol and cell
membrane. The effects could be observed at the concentration
of 0.1-10×10-6 mol·L-1 in cytosol and 0.01-10×10-6 mol·L-1 in
cell membrane. The effects of methionine enkephalin on the
activity of PKA were consistent in the cytosol and the cell
membrane (Figure 2 ).
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Figure 2 The influences of different concentrations of methionine enkephalin on the activity of PKA in cytosol ( ) and cell
membrane ( ) of NS-1 cells. n=3 from 3 independent
experiments. bP<0.05 and cP<0.01 vs control (0 mol·L-1)

Antagonism of monoclonal antibody and naloxone on the
activity of PKA
1×10 -6 mol·L-1 of methionine enkephalin was used for the
blocking assay of monoclonal antibody on the activity of PKA.
The reversed effects could be observed at the concentration of
1×10 -10 and 1×10 -9 mol·L -1 of antibody (Table 1). After
administration of different concentrations of naloxone in the
case of cytosol, the reversed effects were also obvious (Figure 3).
Table 1 Antagonism of different of concentrations of monoclonal antibody (MAb) to methionine enkephalin (MENK) at
1×10-6 mol·L-1 on the activity of PKA in cytosol and membrane
of NS-1 cells. n=3 from 3 independent experiments. bP<0.05
and cP<0.01 vs control, eP<0.05 and fP<0.01 vs group 2
Activity of PKA
in cytosol
/pmol·mg-1·min-1

MENK+MAb
Control

21.10±1.09

MENK

24.69±0.49

Activity of PKA
in membrane
/pmol·mg-1·min-1
6.81±1.63

c

10.42±0.71b

cf

13.73±1.84ce

MENK+10 mol·L MAb

29.98±0.59

MENK+10 mol·L MAb

20.03±1.47

7.59±0.35

MENK+10-9 mol·L-1 MAb

12.99±0.95cf

7.11±2.04e

-11

-1

Activity of PKA/(pmol.mg-1.min-1)

-10

-1

Activity of PKA/(pmol.mg-1.min-1)

methionine enkephalin could enhance the intracellular activity
of PKC (Figure 4), but the higher concentration (10 -6-10 -5
mol·L-1) of methionine enkephalin showed a suppressive effect
compared with control (0 mol·L-1).
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Figure 4 The influences of different concentrations of methionine enkephalin on the intracellular activity of PKC in NS-1 cells.
n=3 from 3 independent experiments. bP<0.05 and cP<0.01 vs
control ( 0 mol·L-1).

Antagonism of monoclonal antibody and naloxone on the
activity of PKC
Based on the data in Figure 4, 1×10-6 mol·L-1 of methionine
enkephalin was used to inhibit the PKC. Like observed in the
case of PKA, the effect of methionine enkephalin could be
blocked by different concentrations of monoclonal antibody
(Table 2). Naloxone at concentrations of 1×10-6 and 1×10-5
mol·L-1 could also reverse the suppressed effect of methionine
enkephalin in the cytosol (Figure 5).
Table 2 Antagonism of different of concentrations of monoclonal antibody (MAb) to methionine enkephalin (MENK) at
1×10-6 mol·L-1 on the intracellular activity of PKC in NS-1 cells.
n=3 from 3 independent experiments. bP<0.05 vs control, eP<0.05
and fP<0.05 vs group 2
MENK+MAb

Activity of PKC (pmol·mg-1·min-1)

e

25
c

Control
MENK
MENK+10-11 mol·L-1 MAb
MENK+10-10 mol·L-1 MAb
MENK+10-9 mol·L-1 MAb

3.06±0.19
2.26±0.03b
2.92±0.02e
2.80±0.4e
3.13±0.45ff

20
15
f

f

10
5
0
1

2

3
Gro up s

4

5

Figure 3 The effects of different concentration of naloxone on
the activity of PKA in cytosol of NS-1 cells. Treatment groups:
1: control; 2: 1×10-6 mol·L-1 methionine enkephalin; 3: 1×10-6
mol·L-1 methionine enkephalin plus 1×10-7 mol·L-1 naloxone; 4:
1 × 10 -6 mol·L -1 methionine enkephalin plus 1 × 10 -6 mol·L -1
naloxone; 5: 1×10-6 mol·L-1 methionine enkephalin plus 1×10-5
mol·L-1 naloxone. n=3 from 3 independent experiments. cP<0.01
vs control, fP<0.01 vs group 2

Effects of methionine enkephalin on the activity of PKC
In Figure 4, a narrow effective range of methionine enkephalin
was displayed. At the concentration of 1×10 -7 mol·L -1,

Activity of PKA/(pmol.mg-1.min-1)

Activity of PKA/(pmol.mg-1.min-1)
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Figure 5 The effects of different concentration of naloxone on
the intracellular activity of PKC in NS-1 cells. Treatment groups:
1: control; 2: 1×10 -6 mol·L-1 methionine enkephalin 3: 1×10 -6
mol·L-1 methionine enkephalin plus 1×10-7 mol·L-1 naloxone; 4:
1 × 10 -6 mol·L -1 methionine enkephalin plus 1 × 10 -6 mol·L -1
naloxone; 5: 1×10-6 mol·L-1 methionine enkephalin plus 1×10-5
mol·L-1 naloxone. n=3 from 3 independent experiments. cP<0.01
vs control, eP<0.05 vs group 2

172

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

DISCUSSION
The biological and clinical effects of opiate interaction with
immune cells are well appreciated. In recent years, investigations
from several laboratories have indicated that opioids can operate
as cytokines, the principal communication signals of the immune
system[1,2]. Our previous studies have also proved the cellular
modulation of methionine enkephalin[3,4]. In this experiment,
the results that methionine enkephalin could enhance the
proliferation of NS-1 cells and perform the effect of growth
factor-like, were consistent with the conclusion.
One possible component in the receptor signal cascade that
can be responsible for these differences is the ligand-receptor
interaction site. Receptor chimera studies followed by
mutational analysis have revealed that functions of receptor
domains were different for various opioid alkaloids and opioid
peptides[14-19]. Based on the principle of antigen determinant,
we prepared the monoclonal antibody against delta opioid
receptor. Our data showed that the effects of methionine
enkephalin were reversible in the presence of different
concentration of monoclonal antibody, which indicating the
existence of a functional domain at the peptides segment.
Although some laboratories have provided evidences that
supporting agonist-induced down-regulation of opioid
receptors appear to require the phosphorylation of the receptor
protein[20-24], the identities of the specific protein kinases that
perform this task remain uncertain. Moreover, it is unknown
whether the change of protein kinase activation was dependent
on the effect of methionine enkephalin. Our data showed that
the activities of PKA were up-regulated in both cytosol and
membrane of NS-1 cells in a variety of concentrations of
methionine enkephalin. The elevation of PKA activity showed
dose-independent and the most efficient concentration of
methionine enkephalin was at 10-7 mol·L-1. It had been shown
that increased PKA activity related to the maintenance of
cellular tolerance to opioid receptor agonists[10, 25,26].
However, in the case of PKC, the enzyme activity was
elevated when methionine enkephalin at the concentration of
1×10-7 mol·L-1 and declined gradually at 1×10-6 to 10-5 mol·L-1.
The coincident results have also been observed in other
laboratory. It had been reported that a biphasic response of
opioid on expression of some cytokines had been demonstrated
that nanomolar concentration of opioid augmented the
secretion of both IL-6 and TNF-alpha, whereas micromolar
concentration inhibited their synthesis[27]. It had also been
reported that opioid-induced PKC translocation followed a
time-dependent and biphasic pattern beginning 2 h after opioid
addition, when a pronounced translocation of PKC to the
plasma membrane occurred. When exposure to opioids was
lengthened to >12 h, both cytosolic and particulate PKC levels
dropped significantly below those of control-treated cells
because of the decrease of membrane-bound PKC density[5,28].
From our data, the effect of methionine enkephalin could
be reversed by a lower concentration of monoclonal antibody.
Although little previous information was available to compare
the usage of antibody, it was postulated that a complex ligandreceptor interaction was involved. The results that an
antagonism of monoclonal antibody to the effect of methionine
enkephalin on the activity of PKA or PKC indicated that the
antigen determinant of the receptor fragment was also the
functional domain of the receptor. The postulate was reinforced
by studies involving µ/δ receptor chimeras that investigated
the function of each domain[14,15]. Likewise, the same results
could be observed in the assay of naloxone, the antagonist of
opioid receptor. The effect of naloxone abolishing the effect
of opioid on the activity of PKA had been reported[29,30]. Thus,
a traditional opioid mechanism on signaling pathway of PKA
and PKC was thereby involved.
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Abstract
AIM: With successful surgical treatment of gastroesophageal
reflux disease (GERD), there is interest in understanding
the anti-reflux barrier and its mechanisms of failure. To date,
the potential use of vector volumes to predict the DeMeester
score has not been adequately explored.
METHODS: 627 patients in the referral database received
esophageal manometry and ambulatory 24-hour pH
monitoring. Study data included LES resting pressure (LESP),
overall LES length (OL) and abdominal length (AL), total
vector volume (TVV) and intrabdominal vector volume (IVV).
RESULTS: In cases where LESP, TVV or IVV were all below
normal, there was an 81.4 % probability of a positive
DeMeester score. In cases where all three were normal,
there was an 86.9 % probability that the DeMeester score
would be negative. Receiver-operating characteristics (ROC)
for LESP, TVV and IVV were nearly identical and indicated
no useful cut-off values. Logistic regression demonstrated
that LESP and IVV had the strongest association with a
positive DeMeester score; however, the regression formula
was only 76.1 % accurate.
CONCLUSION: While the indices based on TVV, IVV and
LESP are more sensitive and specific, respectively, than any
single measurement, the measurement of vector volumes
does not add significantly to the diagnosis of GERD.
Marsh RE, Perdue CL, Awad ZT, Watson P, Selima M, Davis RE,
Filipi CJ. Is analysis of lower esophageal sphincter vector volumes
of value in diagnosing gastroesophageal reflux disease? World
J Gastroenterol 2003; 9(1): 174-178
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INTRODUCTION
With the recognition of gastroesophageal reflux disease (GERD)
as a surgical pathology, there is deep interest in understanding
the anatomical and physiological anti-reflux barrier and its
mechanisms of failure[1-8] The anatomical components of the
barrier include the crural fibers of the diaphragmatic esophageal
hiatus, the smooth muscle sling fibers of the gastric cardia, and
the semicircular and clasp fibers of the distal esophagus[1-5].
Augmented by positive intrabdominal pressure over the most

distal portion of the lower esophagus and proximal cardia, the
sphincter approximates the mucosal epithelium covering the
internal surface area of the esophagogastric junction. This distinct
high-pressure zone is a critical factor in the barrier against reflux
of gastric contents[5-8]. The anatomical function of the lower
esophageal sphincter (LES) is complemented by neutralization
of refluxate by alkaline oral secretions and rapid clearance of
esophageal contents by intermittent and reflex peristalsis[8].
Various means have been devised to measure the mechanical
integrity of the LES[8-11]. Traditional pull-through manometry
has been succeeded in some laboratories by sophisticated
equipment and software that allows measurement of the closure
pressure generated by the three-dimensional sphincter
mechanism. Directional pressures can be summated over the
length of the sphincter to produce a vector volume that
describes the overall physical resistance of the barrier to
continuous reflux [11,12]. Other measures of the sphincter
competence include resting pressure of the LES at various points
along its length, the vector volume of the intrabdominal portion
of the LES as well as overall and intrabdominal lengths of the
LES. While many observers have noted the relationship between
abnormal manometry and GERD[4-14], we have sought to quantify
this relationship in a way that describes the comparative ability
of such measurements to predict positive ambulatory pH
monitoring as described by DeMeester and colleagues[15]. It was
our goal to compare traditional manometric measurements,
vector volume analysis and results of 24-hour pH monitoring.
We postulated that one or more of the manometric measurements
would yield a statistically significant relationship to a positive
DeMeester score. Because of the complexity of the procedure,
expense, and general discomfort to the patient, it was hoped
that detection of a defective LES would obviate the need for
subsequent pH monitoring in certain cases.

MATERIALS AND METHODS
Materials
Manometric studies were performed using a 9-lumen catheter
(ESM38R, Arndorfer, Greendale, Wisconsin) coupled to a
hydraulic capillary infusion system (Arndorfer). The catheter
consisted of a central lumen of 1.8 mm internal diameter
surrounded by 8 lumens of 0.8 mm internal diameter. Four
channels extended to the distal end of the catheter with ports
at the same level and oriented radially at 90° intervals. The
remaining 4 ports were spaced contiguously at 5 cm intervals
proximal to, and offset by 45° from, the radial ports, providing
20 cm of working length. The central lumen was not used. The
catheter was pulled at a 3 mm/second using a mechanical puller.
The transducer information was translated into digital
information using a polygraph (Medtronic Synectics,
Shoreview, Minnesota). External transducers were also used
to detect swallow and respiratory waves. The information was
saved for real-time and retrospective review using Polygram
software (Medtronic Synectics).
Methods
The original audit population consisted of 1 900 patients
referred to the Esophageal Function Laboratory in the

Marsh RE et al. Value of vector volumes in reflux disease

Department of Surgery at Creighton University. This
population received either esophageal manometry, 24-hour pH
monitoring or both. Patients were referred to the laboratory
for typical or atypical symptoms thought to represent GERD.
Of the 1 900 patients in the referral database, only 627 received
both esophageal manometry with measurement of LES vector
volumes and ambulatory 24-hour pH monitoring. Vector
volume data were available for the total length of the lower
esophageal sphincter (total vector volume, TVV) and for the
intrabdominal length (intrabdominal vector volume, IVV). The
vector volume is a calculated value representing the directional
pressures within the LES over a specific portion of the
sphincter. Additional data included age, weight, resting
pressure of the LES (LESP), overall LES length (OL) and
abdominal LES length (AL).
In preparation for station pull-through (SPT), the catheter
assembly was introduced through either nare and advanced
into the stomach. SPT was performed using a mechanized
puller (Medtronic Synectics) at 3 mm/sec to avoid swallowing
with pauses every centimeter to allow pressure measurement.
Using the gastric baseline pressure as the reference point, a
port entered the LES when a sustained positive deflection away
from the baseline was observed. A wet swallow of 5 mL tap
water was performed at this level to observe relaxation of the
LES. The SPT proceeded through the entirety of the LES
resulting in five measurements from separate channels which
were averaged to produce the final value. The patient was
instructed to breathe regularly and not to swallow. Swallowing
(except for the wet swallow) required another attempt.
The resting pressure of the LES (LESP) was defined as the
mean pressure at the respiratory inversion point (RIP). The
RIP was the place on the pressure waveform where the positive
deflections in the abdomen caused by inspiration changed to
negative deflections in the chest. OL was the distance between
the distal and proximal borders of the LES; AL was the distance
between the distal border of the LES and the RIP. Both
measurements were obtained during SPT.
Measurements for vector volume calculations were obtained
from transducers attached to the 4 radial ports located at the
same level on the catheter. Each channel yielded a separate
pressure and direction (pressure vector) over the length of the
LES. The distal border of the LES was defined as the position
at which two or more of the four channels deflected positively
from the gastric baseline. The crural component, often
represented as the distal hump in the bimodal waveform, was
intentionally included in the TVV. The proximal border was
defined as that position in which two or more of the four channels
returned and stayed below the gastric baseline. Computer
software summated the pressure vector measurements into a
single vector volume (mm Hg3). A three-dimensional image was
also generated but not included in the database.
IVV was determined similarly. The proximal endpoint of
the IVV was the RIP; the distal endpoint was the same as for
TVV. As with TVV determination, when two or more of the
four channels reached the RIP, all were considered to be at the
RIP. Computer software similarly produced a value for the
vector volume.
Upon completion of manometry, the pressure catheter was
replaced with a pH probe catheter (Ingold Bipolar Glass pH
Probe, Mui Scientific, Mississauga, Ontario). All patients had
been off their medication (PPI’s for 7 days, H2 blockers for 3
days) for the appropriate time. The catheter was passed through
the nose and into the stomach to obtain a baseline reading from
the ambulatory recording equipment to be carried by the patient
(Digitrapper, Medtronic Synectics). The catheter was then
withdrawn to a position 5 cm above the LES as determined by
SPT. A baseline reading was again obtained. The catheter was
secured to the nose and patients were given instructions to eat at
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least three meals (limited to foods in which the pH was known),
to stay upright at least 4 hours after eating, and to be recumbent
for no more than 8 hours during sleep. Patients were instructed
to note in a diary the time of each symptom occurrence, when
and what they ate, and when they retired for bed.
At the completion of the 24-hour period, the catheter was
removed and the information in the Digitrapper was downloaded
and analyzed using pH-metry software (EsopHagram,
Synectics). A DeMeester score was then tabulated by the
computer and recorded for both acid and alkaline reflux. A score
<14.8 was considered negative for GERD.
Except for the logistic regression, sensitivities and specificities
for the receiver-operating characteristics (ROC) were calculated
manually. The purpose of the ROC was to find an optimal cutoff point, if any, for measurements that would yield the greatest
combination of sensitivity and specificity. The formulas for
calculations involving LESP (for example) were:
Sensitivity = [‘n’ patients with GERD and LESP ‘x’] [‘n’
patients with GERD]
Specificity = [‘n’ patient without GERD and LESP > ‘x’]
[‘n’ patient without GERD]
In those calculations, ‘x’ refers to a progressively larger
cut-off value for LESP (following the example above).
Therefore, a particular sensitivity represented the probability
that a patient with an LESP ‘x’ would have GERD. Likewise,
the specificity represents that probability that a patient with an
LESP > ‘x’ would not have GERD. Cut-off values were chosen
at increments that resulted in enough data points to provide
adequate resolution to the curve but with enough cases within
each range to reflect real trends. This was done for LESP, TVV,
IVV, AL and OL.
All other calculations were performed by SAS statistical
software (version 6.12). The logistic regression process was
automated and resulted in a formula for predicting GERDpositive or GERD-negative. According to its program, the
statistical software started with all predictors in a test formula,
then through backward selection, removed predictors that failed
to meet the appropriate confidence interval. The software
rejected predictors when p-values were >0.05 %. There were
no attempts at relating the manometry measurements directly
to DeMeester score in a continuous fashion. Rescaling in order
to account for outliers consisted of setting values above the
95th percentile for any measurement equal to the value of that
measurement at the 95th percentile. Values for normal were
derived from a prior study in this laboratory using 50 healthy
(non-GERD) volunteers. No attempts were made to sort
patients or data according to age, sex or weight.

RESULTS
Demographic data with respect to the diagnosis of GERD is
presented in Table 1. There were no attempts at age or sex
matching. Table 2 includes the means, standard deviations, pvalues, sensitivities and specificities for the measured
parameters. The sensitivity and specificity of LESP, TVV and
IVV, respectively, were 67.3 % and 73.3 %; 72.5 % and 62.6 %;
and 58.5 % and 77.3 % at the lower values for normal. The
sensitivity and specificity for AL and OL reflect the fact that
very few patients had abnormal values of either (4 and 2
patients, respectively); this was also reflected in the similarity
relatively large standard deviations between the average AL
and OL for GERD and non-GERD suffers. Because AL and
OL were so weakly sensitive for reflux disease, Any-low refers
only to cases where LESP, TVV or IVV were below normal.
The sensitivity of Any-low indicated an 81.4 % probability a
patient with either abnormally low LESP, TVV or IVV will
have GERD. Similarly, AL and OL were also excluded from
calculations of the All-low values. There was an 86.9 %
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LESP

6.1–25.6

0–59.3

10.9±8.4
(n=319)

5.7±4.8
(n=308)

<0.001

67.3

71.3

IVV

1855–10953

0–45830

4090±4709
(n=321)

1712±2080
(n=306)

<0.001

72.5

62.6

have a better combination of sensitivity and specificity than
the measurements themselves.
The logistic regression formula following backward
selection was
Y=1.24+[LESP](-0.1056)+[IVV] (-0.00019)
where Y is equal to a nominal value for GERD (1=the presence
and 2=absence of GERD). P-values for the factor estimates
were all <0.0001. Various attempts were made at rescaling the
data (as described in Materials and Methods) and ranking
without effect. The “native” logistic regression (unscaled and
unranked) was superior or equal in every case with 76.1 %
concordance, 23.6 % discordance and 0.3 % tied. Table 3
contains data from the logistic regression process. TVV, OL
and AL were excluded by the software from the regression
formula because of P-values >0.05 %. When ranked values
were used for logistic regression, similar estimates were
obtained for the y-intercept, LESP and IVV factors and the Pvalues were all <0.0001. The formulas for the ranked and
rescaled data were equally good or worse at predicting GERD
and have been excluded from further discussion.

TVV

2060–14135

80–60740

5429±5564
(n=321)

2533±2626 <0.001
(n=306)

58.5

77.3

Table 3 Logistic regression with the results of backward selection
Variable

Estimate

Intercept

+1.241

probability that a patient with all three normal measurements
will not have an abnormal esophageal acid exposure; this is
the specificity for All-low.
Table 1 Demographic data for study cases
Range

non-GERD mean ± SD

Age (years)

4 – 86

47.0±16.1 (n=308)

48.5±14.9 (n=319)

Weight (lbs)

87–397

173.6±42.2 (n=310)

190.2±38.0 (n=317)

Sex

F: 313M: 314

GERD mean ± SD

F: 101 M: 80

F: 108 M: 162

Table 2 Summary of manometric data
Normal
Range of
non-GERD
range
measurements mean ± SD

GERD
mean ± SD

Sens.
%

P

Spec.
%

AL

1.0–5.0

0–9.8

2.6±1.0
(n=280)

2.2±1.0
(n=347)

0.013

4.5

98.4

OL

2.4–5.5

1.2–27.4

4.7±1.8
(n=287)

4.6±1.4
(n=340)

<0.047

2.6

99.0

Any low

—

—

—

—

All ow

—

—

—

—

—
—

81.4 51.0
49.3

86.9

LESP=Lower esophageal sphincter resting pressure (mm-Hg),
IVV=Intrabdominal vector volume (mm-Hg3), TVV=total vector volume (mm-Hg3), AL=abdominal length of the LES (mm),
OL=overall length of the LES (mm). “Any-low” refers to cases
where LESP, IVV or TVV are lower than normal. “All-low” refers to cases where LESP, IVV and TVV are all lower than normal.
SD=Standard deviation, Sens.=Sensitivity, Spec.=Specificity. ‘P’
is the probability value from the chi-squared test for GERD vs.
non-GERD; P<0.05 is significant. Sensitivities and specificities
are calculated using the lowest normal value.
100
80

Sensitivity

60
TVV
IVV
LESP
Regression

40
20
0
0

20

40
60
1-specificity

80

100

Figure 1 Receiver-operating characteristics for total vector
volume (TVV), intrabdominal vector volume (IVV) and LES
resting pressure (LESP). Included is a comparable ROC for the
logistic regression. The points on the curves that correspond
to the normal values in Table 1 are circled

Figure 1 shows the receiver-operating characteristics for
LESP, TVV, and IVV. The curves for AL and OL fell below
all of the other curves and (for clarity) have not been depicted.
There are no obvious points at which both specificity and
sensitivity are optimal for any of the measurements. Cut-off
values equal to the lowest normal values are indicated by the
circled data points. Also shown in Figure 1 is an ROC curve
for the regression formula (below) indicating that it does not

P
<0.0001

LESP

-0.106

<0.0001

IVV

-0.00019

<0.0001

TVV

(rejected)

0.43

AL

(rejected)

0.089

OL

(rejected)

0.79

Concordant = 76.1%
Discordant = 23.6%
Tied = 0.3%

DISCUSSION
Intraabdominal vector volume is more sensitive than TVV or
LESP, but only marginally, and no more than 72.5 % (Table
2). Measurements of TVV and LESP are more specific for
GERD; that is, findings of normal TVV and LESP are 77.3 %
and 71.3 % likely in a non-GERD patient, respectively. While
the mean values for LESP, TVV and IVV are all significantly
lower in GERD patients (P<0.0001), the standard deviations
are nearly equal to the means themselves in every measurement
(Table 2). Intrabdominal length (AL) and overall length (OL)
of the LES are clearly unimportant in the assessment of
gastroesophageal reflux disease. Only 4 and 2 patients,
respectively, had abnormally low values for AL or OL.
When measurements are viewed as ROC curves (Figure 1),
there are no points where a measurement has both a high
sensitivity and high specificity. That is to say that there appears
to be no optimal cut-off value for predicting GERD. Ideally,
an ROC curve is a parabolic figure with the apex in the upper
right corner (using the axes as in Figure 1) which drops sharply
from a point where sensitivity and specificity are both high to
a point where sensitivity is very low and specificity is very
high. In fact, there are no values for which there is a high
sensitivity and even a moderately useful specificity. At cutoff values representing 85 % sensitivity for GERD ( 1 600
mm-Hg3 for TVV; 1 000 mm-Hg3 for IVV; and
3 mmHg for LESP), the specificities of the measurements fall
between 35 % and 45 %. Finding significantly lower-thanaverage TVV, IVV and LESP in GERD patients (Table 2.)
reiterates our understanding of the pathological consequences
of a weakened LES. It also confirms our present understanding
that there is a more complex relationship between the
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anatomical correlates of the LES and function than can be
expressed by a single measurement.
Use of the “Any-low,” “All-low,” and logistic regression
models were attempts to use the measurements in a combined
fashioned, similar to the calculation of the DeMeester
ambulatory pH score. While Any-low had a relatively better
sensitivity (81.4 %) and All-low had relatively better specificity
(86.9 %) for the DeMeester score than the original
measurements, the logistic regression-presumably the more
rigorous mathematical model-was little better than the ROC
curves for LESP, IVV or TVV. The computer generated a series
of sensitivities and specificities for predictions made by the
regression formula. This data is represented in Figure 1 as a
means of comparison. Interestingly, total vector volume of the
LES (TVV) was rejected by the computer due to a failure to
meet the 95 % correlation confidence interval. The logistic
regression formula was only 76.1 % accurate in predicting the
real data. Attempts at ranking the data and rescaling in order
to account for a number of outlying measurements made no
improvement in the accuracy of the formula. The regression
formula was clearly unable to improve on the predictive power
of the raw measurements. As such, the formula has no practical
use in the laboratory.
We have been motivated to find a way to identify surgical
candidates without directly measuring distal esophageal reflux
because of the inherent difficulty with ambulatory pH
monitoring (patient discomfort, cost, compliance). Recently,
Fass and colleagues have suggested that the test itself may
have the effect of reducing reflux-provoking activities, thereby
reducing the sensitivity of the test[16]. In studies of different
patient populations where vector volumes were found to have
greater use[11-14] we are unaware of the degree to which they
were able to control patient compliance with ambulatory pH
monitoring protocols (either maintaining a normal daily diet
and activities or maintaining a controlled regimen). Certainly,
patient compliance would be expected to be higher when he
or she is made to understand the importance of maintaining
normal habits. This is also an uncontrolled factor in the present
study. In a sense, this might be a form of “compliance bias”
reflected in the sensitivity of the test, where poor compliance
(relatively less daily activity, smaller meals, more conservative
food choices) results in more falsely negative screening tests.
Quigley has also referred to the multiple difficulties with pHmetry as the gold standard for diagnosing GERD, namely the
issue of patient compliance with testing conditions [17]. It
remains to be seen if patient compliance, or any other factors,
have any real effect on 24-hour pH monitoring and the
treatment indications for GERD.
To improve surgical results, it is helpful but not mandatory
to find evidence that a defective lower esophageal sphincter is
the cause for GERD. This is based on the reports by numerous
authors who have sought to describe the sphincter and its
mechanisms of failure[1-10]. Studies have demonstrated the
effectiveness of anti-reflux surgery to improve symptom scores,
esophagitis and LES resting pressure[2,7,11,13]. Authors have
asserted that measurement of vector volumes would be superior
to standard lower esophageal manometry for detecting a
defective LES [11-15]. Wetscher and colleagues made the
observation that IVV was more sensitive than LESP (i.e.
standard manometry) and TVV at detecting a defective lower
esophageal sphincter[12]. They concluded that measurement of
vector volumes would be a valuable adjunct to current
esophagogastric studies. Our study suggests that measurement
of vector volumes is not greatly more valuable than traditional
manometry.
There is an 81.4 % chance that a patient with either a low
LESP, TVV or IVV (when all three are measured) will have a
positive DeMeester score. Whether or not this would suffice
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as an indication for surgery would require inclusion of surgical
outcome data into the analysis. Alternatively, a priority ranking
system used by Martinez-Serna and colleagues might serve as
an effective adjunct to manometry data[18]. Those authors found
a positive association between high symptom priority ranking
for heartburn and regurgitation and abnormal pH and
manometry results. Analysis of traditional manometry, vector
volumes, symptom scores and surgical outcomes will be
necessary to confidently define indications for surgery without
ambulatory pH monitoring.
Transient relaxation of the lower esophageal sphincter may
be an important etiology for pathologic reflux[8-19]. Dodds and
colleagues found that 65 % of reflux episodes in GERD patients
were due to transient relaxation of the LES[8]. This finding is
difficult to interpret when 82 % of normal reflux in non-GERD
patients can also be attributed to transient LES relaxation[20].
Sloan and colleagues found that abrupt increases in
intrabdominal pressure resulted in a higher occurrence of reflux
in GERD patients who also had hiatal hernia and low LES
resting tone[21]. Kahrilas et al. found the degree of separation
of the LES from the crura is associated with the transient
relaxations[22]. This separation can be detected by manometry
and is described as the double hump.
Based on our findings, we draw the following conclusions:
(1) a patient with a low TVV, IVV or LESP (when all three are
measured) is 81.4 % likely to have a positive DeMeester score;
and (2) when LESP, TVV and IVV are normal, a patient is
86.9 % likely to have a negative DeMeester score. This is a
marginal improvement over the sensitivities and specificities
of the native measurements, but the probabilities are not large
enough to justify omission of the ambulatory pH study despite
its inherent challenge to patient compliance and reliability. It
appears that vectors volumes, particularly intrabdominal vector
volume, are just as sensitive and specific for GERD as LES
resting pressure, and thus cannot be considered superior in the
evaluation of GERD.

REFERENCES
1

2

3

4

5

6

7

8

9

Liebermann-Meffert D, Allgower M, Schmid P, Blum AL. Muscular equivalent of the lower esophageal sphincter. Gastroenterology 1979; 76: 31-38
Stein HJ, Crookes PF, DeMeester TR. Three-dimensional manometric imaging of the lower esophageal sphincter. Surg Annu
1995; 27: 199-214
Bonavina L, Evander A, DeMeester TR, Walther B, Cheng SC,
Palazzo L, Concannon JL. Length of the distal esophageal sphincter and competency of the cardia. Am J Surg 1986; 151: 25-34
Stein HJ, Liebermann-Meffert D, DeMeester TR, Siewert JR.
Three-dimensional pressure image and muscular structure of the
human lower esophageal sphincter. Surgery 1995; 117: 692-698
DeMeester TR, Wernly JA, Bryant GH, Little AG, Skinner DB.
Clinical and in vitro analysis of determinants of gastroesophageal
competence. A study of the principles of antireflux surgery. Am J
Surg 1979; 137: 39-46
Stein HJ, Barlow AP, DeMeester TR, Hinder RA. Complications
of gastroesophageal reflux disease. Role of the lower esophageal
sphincter, esophageal acid and acid/alkaline exposure, and
duodenogastric reflux. Ann Surg 1992; 216: 35-43
Costantini M, Zaninotto G, Anselmino M, Boccu C, Nicoletti L,
Ancona E. The role of a defective lower esophageal sphincter in
the clinical outcome of treatment for gastroesophageal reflux
disease. Arch Surg 1996; 131: 655-659
Dodds WJ, Dent J, Hogan WJ, Helm JF, Hauser R, Patel GK, Egide
MS. Mechanisms of gastroesophageal reflux in patients with reflux esophagitis. N Engl J Med 1982; 307: 1547-1552
Crookes PF, Kaul BK, DeMeester TR, Stein HJ, Oka M. Manometry of individual segments of the distal esophageal
sphincter. Its relation to functional incompetence. Arch Surg
1993; 128: 411-415

178
10
11
12

13
14

15
16

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Byrne PJ, Stuart RC, Lawlor P, Walsh TN, Hennessy TP. A new
technique for measuring lower oesophageal sphincter competence in patients. Ir J Med Sci 1993; 162: 351-354
Bombeck CT, Vaz O, DeSalvo J, Donahue PE, Nyhus LM. Computerized axial manometry of the esophagus. A new method for the
assessment of antireflux operations. Ann Surg 1987; 206: 465-472
Wetscher GJ, Hinder RA, Perdikis G, Wieschemeier T, Stalzer R.
Three-dimensional imaging of the lower esophageal sphincter
in healthy subjects and gastroesophageal reflux. Dig Dis Sci 1996;
41: 2377-2382
Stein HJ, DeMeester TR, Naspetti R, Jamieson J, Perry RE. Threedimensional imaging of the lower esophageal sphincter in gastroesophageal reflux disease. Ann Surg 1991; 214: 374-383
DeMeester TR, Wang CI, Wernly JA, Pellegrini CA, Little AG,
Klementschitsch P, Bermudez G, Johnson LF, Skinner DB.
Technique, indications, and clinical use of 24 hour esophageal
pH monitoring. J Thorac Cardiovasc Surg 1980; 79: 656-670
Stein HJ, Korn O, Liebermann-Meffert D. Manometric vector
volume analysis to assess lower esophageal sphincter function.
Ann Chir Gynaecol 1995; 84: 151-158
Fass R, Hell R, Sampliner RE, Pulliam G, Graver E, Hartz V,
Johnson C, Jaffe P. Effect of ambulatory 24-hour esophageal pH

17
18

19
20
21
22

January 15, 2003 Volume 9 Number 1

monitoring on reflux- provoking activities. Dig Dis Sci 1999; 44:
2263-2269
Quigley EM. 24 h pH monitoring for gastroesophageal reflux
disease: already standard but not yet gold? Am J Gastroenterol
1992; 87: 1071-1075
Martinez-Serna T, Tercero F, Jr., Filipi CJ, Dickason TJ, Watson
P, Mittal SK, Tasset MR. Symptom priority ranking in the care of
gastroesophageal reflux: a review of 1 850 cases. Dig Dis 1999;17:
219-224
Holloway RH, Kocyan P, Dent J. Provocation of transient lower
esophageal sphincter relaxations by meals in patients with symptomatic gastroesophageal reflux. Dig Dis Sci 1991; 36: 1034-1039
Schoeman MN, Tippett MD, Akkermans LM, Dent J, Holloway
RH. Mechanisms of gastroesophageal reflux in ambulant healthy
human subjects. Gastroenterology 1995; 108: 83-91
Sloan S, Rademaker AW, Kahrilas PJ. Determinants of gastroesophageal junction incompetence: hiatal hernia, lower esophageal
sphincter, or both? Ann Intern Med 1992; 117: 977-982
Kahrilas PJ, Shi G, Manka M, Joehl RJ. Increased frequency of
transient lower esophageal sphincter relaxation induced by gastric distention in reflux patients with hiatal hernia. Gastroenterology 2000; 118: 688-695
Edited by Zhang JZ

P.O.Box 2345, Beijing 100023,China
Fax: +86-10-85381893
E-mail: wcjd@public.bta.net.cn www.wjgnet.com

World J Gastroenterol 2003;9(1):179-183
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• CLINICAL RESEARCH •

Role of NF-kB in multiple organ dysfunction during acute
obstructive cholangitis
Bin Tu, Jian-Ping Gong, Hu-Yi Feng, Chuan-Xin Wu, Yu-Jun Shi, Xu-Hong Li, Yong Peng, Chang-An Liu, Sheng-Wei Li
Bin Tu, Jian-Ping Gong, Hu-Yi Feng, Chuan-Xin Wu, Yu-Jun
Shi, Xu-Hong Li, Yong Peng, Chang-An Liu, Sheng-Wei Li,
Department of General Surgery, the Second College of Clinical
Medicine & the Second Affiliated Hospital of Chongqing University
of Medical Science, 74 Linjiang Road, Chongqing 400010, China
Supported by the National Natural Science Foundation of China,
No.39970719, 30170919
Correspondence to: Dr Jian-Ping Gong, Department of General Surgery,
the Second College of Clinical Medicine & the Second Affiliated Hospital
of Chongqing University of Medical Science, 74 Linjiang Road,
Chongqing 400010, China. gongjianping11@hotmail.com
Telephone: +86-23-63766701 Fax: +86-23-63822815
Received: 2002-06-24 Accepted: 2002-07-22

Abstract
AIM: To elucidate the role of NF-kB activation in the
development of multiple organ dysfunction (MOD) during
acute obstructive cholangitis (AOC) in rats.
METHODS: Forty-two Wistar rats were divided into three
groups: the AOC group, the group of bile duct ligation (BDL
group), and the sham operation group (SO group). All the
animals in the three groups were killed in the 6th and 48th
hour after operation. Morphological changes of vital organs
were observed under light and electron microscopy. NF-kB
activation was determined with Electrophoretic Mobility Shift
Assay (EMSA). Arterial blood gas analyses and the serum
l eve ls of l actate de hyd ro g en ase (LD H), alan in e
aminotransferase (ALT), blood urea nitrogen (BUN) and
creatinine were performed. The concentrations of TNF-α
and IL-6 in plasma were also measured.
RESULTS: The significant changes of histology and
ultrastructure of vital organs were observed in AOC group.
By contrast, in BDL group, all the features of organs damage
were greatly reduced. Expression of NF-kB activation in
various tissues increased in AOC group when compared to
other two groups. At 6 h, the arterial pH in three groups
was 7.52±0.01, 7.46±0.02, and 7.45±0.02, and the blood
pCO2 was 33.9±0.95 mmHg, 38.1±0.89 mmHg, 38.9±0.94
mmHg, there was difference in three groups (P<0.05). At
48 h, the blood pH values in three groups was 7.33±0.07,
7.67±0.04, and 7.46±0.03, and blood HCO3- was 20.1±1.29
mmol·L-1, 26.7±1.45 mmol·L-1 and 27.4±0.35 mmol·L-1, there
was also difference in three groups (P<0.05). In AOC group,
Levels of LDH, ALT, BUN and creatinine were 16359.9±2278.8
nkat·L-1, 5796.2±941.9 nkat·L-1, 55.7±15.3 mg/dl, and 0.72±
0.06 mg/dl, which were higher than in SO group (3739.1±
570.1 nkat·L-1, 288.4±71.7 nkat·L-1, 12.5±2.14 mg/dl, and
0.47±0.03 mg/dl) (P<0.05). Levels of plasma TNF-α and
IL-6 in AOC at 48 h were 429±56.62 ng·L-1 and 562±57 ng·L-1,
which increased greatly when compared to BDL group
(139±16 ng·L-1, 227±43 ng·L-1) and SO group (74±10 ng·L-1,
113±19 ng·L-1) (P<0.05).
CONCLUSION: The pathological damages and the NF-kB
activation of many vital organs exised during AOC. These

findings have an important implication for the role of NF-kB
activation in MOD during AOC.
Tu B, Gong JP, Feng HY, Wu CX, Shi YJ, Li XH, Peng Y, Liu CA,
Li SW. Role of NF-kB in multiple organ dysfunction during
acute obstructive cholangitis.World J Gastroenterol 2003; 9
(1):179-183
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INTRODUCTION
In humans with acute obstructive cholangitis (AOC) or other
sepsis, the onset of multiple organ dysfunction (MOD),
especially involving the liver, the heart, the lungs, and the
kidneys, is a well known complication that is associated with
a high mortality rate[1-10]. MOD in either humans or animals
appears to emerge as a consequence of progressive
development of activation of mononuclear phagocytes system
and an unregulated release into the blood of a variety of
proinflammatory mediators (interleukins, cytokines,
chemokines) [11-14]. NF-kB is highly activated at sites of
inflammation in diverse diseases and can induce transcrition
of proinflammatory cytokines[15-17]. For example, NF-kB is
overexpressed in neutrophi, peripheral blood mononuclear cells
(PBMC), dendritic cells (DC), and Kupffer cell, and so on. Its
activity may enhance recruitment of inflammatory cells and
production of proinflammatory mediators like IL-1, IL-6, IL8, and TNF-α[18-21]. These events may be associated with the
development of MOD.
In our original study of patients with AOC, the changes of
NF-kB activation were documented[1], but evidence of MOD
and the effects of NF-kB were not assessed. In the current
studies, we observed the pathological changes of the damages
of many vital organs and correlated the role of NF-kB activation
with MOD in animal model with AOC.
MATERIALS AND METHODS
Reagents
E. coli and type IV of collagenase were obtained from Sigma
Chemical Company (St. Louis, Mo.). The kits of TNF-α and
IL-6 were obtained from Beijing Bang Bing Co.. Other reagents
were purchased from Ke Hua Co. or Zhong Sheng Co..
Animals and experimental groups
Forty-two male Wistar rats, weighing 250-300 g, were obtained
from the Laboratory Animal Center of Chongqing University
of Medical Science. The animals were fed with standard rat
food and water ad libitum for 1 wk before use and kept in a
climate-controlled environment with a 12 h light-dark cycle.
The animals were handled in accordance with the guidelines
set by the Experimental Animals Society of Chongqing
University of Medical Science. These animals were randomized
into three groups: the AOC group, the group of bile duct
ligation (BDL), and sham operation (SO). All the animals in
these groups were killed in the 6th and 48th hour after
operation. Seven rats from each group at each time point were
examined.
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Preparation of animal models
All rats were starved overnight and underwent an upper midline
laparotomy with an intraperitoneal injection of 30 mg·kg-1
sodium pentobarbital for anesthesia. In AOC group, a median
incision was made on the upper abdomen. The common bile
duct was mobilized and doubly ligated. 0.2 ml of the E. coli
suspension (5×1012cfu·L-1) was injected into the ligated common
bile duct. In BDL group, the common bile duct was doubly
ligated but no E. coli suspension was injected. In SO group,
neither E. coli suspension injection nor common bile duct ligation
was done, but only routine operative procedure was performed.
Histology
Morphological changes of liver, heart, lungs, and kidneys were
observed by light microscope and transmission electron
microscope (TEM). These samples from different organs were
fixed with 10 % buffered formalin or 2.5 % glutaraldehyde
immediately. For optical microscopy, the tissue blocks were
embedded in paraffin, and the sections were stained with
hematoxylin and eosin (H&E). For TEM, the tissue blocks
were embedded in Epon 618 resin and ultrathin sections were
stained with uranyl acetate and lead citrate. A transmission
electron microscope (JEM-2000) was used.
Electrophoretic mobility shift assay for NF-kB
Isolation of nuclear proteins Nuclear proteins were isolated
as previously described[1,22]. In brief, the liver, heart, lungs,
and kidneys tissues were placed in 0.8 mL of ice-cold hypotonic
buffer [10 mmol·L-1 HEPES (pH7.9), 10 mL KCl, 0.1 mmol·L-1
EDTA, 0.1 mmol·L-1 ethylene glycol tetraacetic acid, 1 mmol·L-1
DTT; Protease inhibitors (aprotinin, pepstatin, and leupeptin,
10 mg·L-1 each)]. The homogenates were incubated on ice for
20 min, vortexed for 20 s after adding 50 µL of 10 per cent
Nonidet P-40, and then centrifuged for 1 minute at 4
in an
Eppendorf centrifuge. Supernatants were decanted, the nuclear
pellets after a single wash with hypotonic buffer without
Nonidet P-40 were suspended in an ice-cold hypertonic buffer
[20 mmol·L-1 HEPES (pH7.9), 0.4 mol·L-1 NaCl, 1 mmol·L-1
EDTA, 1 mmol·L-1 DTT; Protease inhibitors], incubated on ice
for 30 min at 4 , mixed frequently, and centrifuged for 15
min at 4 . The supernatants were collected as nuclear extracts
and stored at -70 . Concentrations of total proteins in the
samples were determined according to the method of Bradford.
Electrophoretic mobility shift assay (EMSA) NF-kB binding
activity was performed in a 10-uL binding reaction mixture
containing 1×binding buffer [50 mg·L-1 of double-stranded poly
(dI-dC), 10 mmol·L-1 Tris-HCl (pH 7.5), 50 mmol·L-1 NaCl,
0.5 mmol·L-1 EDTA, 0.5 mmol·L-1 DTT, 1 mmol·L-1 MgCl2,
and 100 mL·L-1 glycerol], 5 µg of nuclear protein, and 35 fmol
of double-stranded NF-kB consensus oligonucleotide (5’-AGT
TGA GGG GAC TTT CCC AGG-3’) that was endly labeled
with γ- 32 P(111TBq mmol -1 at 370GBq L -1 ) using T4
polynucleotide kinase. The binding reaction mixture was
incubated at room temperature for 20 min and analyzed by
electrophoresis on 7 per cent nondenaturing polyacrylamide
gels. After electrophoresis the gels were dried by Gel-Drier
(Bio-Rad Laboratories, Hercules, CA) and exposed to Kodak
X-ray films at -70 . The binding bands were quantified by
scanning densitometer of a Bio-Image Analysis System.
Arterial blood gas analyses
In some animals, a carotid artery catherior was placed through
an anterior cervical area, and arterial blood samples were
collected to measure blood lactate, pH, pO2, pCO2, and HCO3using a blood gas analyer.
Measurement of biochemical parameters
Blood was obtained from the inferior vena cava at the time of
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sacrifice, heart, liver, kidney injury were assessed by measuring
th e seru m lactate deh y dr o g en ase ( LDH) , alanin e
aminotransferase (ALT), blood urea nitrogen (BUN) and
creatinine, respectively, which were performed with an
Automatic Biochemical Analyser.

Assay of TNF-α and IL-6 in plasma
The concentrations of TNF-α and IL-6 in plasma were measured
by a commercially available enzyme-linked immunosorbent
assay (ELISA) according to the manufacture instructions which
has a low detection limit of 50 ng·L-1. Briefly, microtitre plates
were coated with anti TNF-α or IL-6 mAb overnight at room
temperature on a plate shaker and then, after they had been
blocked, samples were added. The detecting antibody was
biotinylated anti TNF-α or IL-6. The results were determined at
492 nm with DG 3022 Enzyme Linkage Essay Instrument.
Statistical analysis
The results are presented as means ±SEM. Data sets were
analyzed with a one-way ANOVA. The differences were
regarded significant when the P value was less than <0.05.
RESULTS
The changes of histology and ultrastructure of vital organs
In AOC group, in the liver, there was multifocal and patchy
lytic necrosis. hepatocytes showed swelling and partly fatty
degeneration, focal cytoplasmic degeneration and many myelin
figures could be seen in the cytoplasm (Figure 1), Kupffer
cells showed proliferation and many myelin figures in the
cytoplasm (Figure 2). In the lungs, polymorphonuclears
neutrophil (PMN) aggregated in alveolar capillary. In the heart,
mitochondria were swollen or even vacuolated (Figure 3). In
the kidneys, there was extensive fusion of foot processes of
podocytes in glomeruli. The cells had lost their cell membranes
and exhibited mitochondrial swelling together with intracellular
edema in proximal convoluted tubules (Figure 4).
Changes of NF-kB activation
In AOC group, The NF-kB activity increased significantly in
liver, nearly fivefold over other organs after 6 h. At 48 h, the
NF-kB activity increased also significantly in lung and heart
besides liver (Figure 5). In BDL group and SO group, the active
form of NF-kB was minimal in hepatic tissue and other tissues.
Arterial blood gas analyses
In AOC group, arterial blood gases showed early respiratory
alkalosis and late metabolic acidosis. At 6 h there was a mild
respiratory alkalosis, with the arterial pH rising from 7.45±0.02
to 7.52±0.01, the blood pCO2 fell from a value of 37.9±0.86 to
34.23±0.89. At 48 h, similar group showed evidence of
metabolic acidosis, with the blood pH values falling from
7.46±0.003 to 7.33±0.007, and blood HCO3- (mmol·L-1) falling
from 27.4±0.35 to 20.1±1.29. In contrast, in BDL group, the
blood pH and pCO2 values were the same as those values
obtained in SO group (Table 1).
Biochemical parameters
Biochemical parameters in three groups were showed in Table 2.
Cytokines contents in plasma
In AOC group, Levels of plasma TNF-α and IL-6 increased
greatly in 6 h and 48 h. Levels of two cytokines were over 4fold and 5-fold higher than that in other two groups. In BDL
group, the levels of TNF-α and IL-6 in 48 h increased modestly
when compared to that in SO group (P<0.05). Low levels of TNFα and IL-6 was detectable in plasama in SO group (Table 3).
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Table 1 Arterial blood gas analyses in three groups animals
Early Phase (6 h)

Parameter

AOC

Late Phase (48 h)

BDL

SO

AOC

BDL

SO

pH

7.52±0.01a

7.46±0.02

7.45±0.02

7.33±0.07a

7.67±0.04

7.46±0.03

pCO2 (mmHg)

33.9±0.95

38.1±0.89

38.9±0.94

40.4±4.23

37.8±3.51

37.5±0.72

HCO3 (mmol/L)

26.6±0.63

28.3±0.86

27.8±1.04

20.1±1.57

26.7±1.45

27.82±1.25

-

pO2(mmHg)
a

105.1±6.4

a

108.3±4.2

106.5±5.8

67.3±6.9

a

104.7±5.3

a

110.7±4.6

P<0.05, vs other groups.

Table 2 Biochemical parameters in three groups animals
Early Phase (6 h)

Parameter

AOC

BDL

Late Phase (48 h)
SO

AOC

BDL

LDH (nkat·L-1)

13632.7±891.8a

4107.4±951.9

3655.7±576.8

16359.9±2278.8a

ALT (nkat·L )

2213.8±391.7

343.4±103.3

311.7±91.7

5796.2±941.9

BUN (mg/dl)

16.3±13.3

12.9±2.8

11.8±2.2

Cr (mg/dl)

0.48±0.03

0.42±0.02

0.41±0.03

-1

a

a

a

SO

6793±885.1c
955.2±175

c

3742.4±570.1
288.4±75

55.7±15.3

a

16.7±4.6

12.5±2.14

0.72±0.06

a

0.51±0.03

0.47±0.03

P<0.05, vs other groups. cP<0.05, vs SO group.

Figure 1 Fatty degeneration, focal cytoplasmic degeneration
and myelin figures in the cytoplasm of hepatocyte in AOC
group TEM×12 000.

Figure 2 Kupffer cells showed proliferation and focal cytoplasmic degeneration and many myelin figures could be seen
in the cytoplasm in AOC group TEM×15 000.

Figure 3 Myocyte mitochondria of heart were swollen or even
vacuolated in AOC group TEM×20 000.

Figure 4 Proximal convoluted tubules was full of electron dense
phagosomes, the cells had lost their cell membranes and exhibited mitochondrial swelling together with intracellular
edema In AOC group TEM×3 000.

182

ISSN 1007-9327

1

2

3

4

5

CN 14-1219/ R

6

7

World J Gastroenterol

8

Figure 5 Activation of NF-kB in AOC group. Lane 1, 2 3, and
4 represents the Liver, the lungs, the heart, and the kidneys in
4 kw, respectiverly. Lane 5, 6, 7, and 8 represents the Liver, the
lungs, the heart, and the kidneys in 8 kw, respectiverly.
Table 3 TNF-α and IL-6 levels in plasma (n=7)
Groups
AOC
BDL
SO
a

TNF-α (ng·L-1)
6h
235±39.23a
73±11.52
72±12.45

48 h
429±56.62a
139±16.21c
74±10.53

IL-6(ng·L-1)
6h
253±23.41a
113±21.39
109±18.37

48 h
562±57.58a
227±43.02c
113±19.81

P<0.05, vs other two groups. cP<0.05, vs SO group.

DISCUSSION
AOC in humans often leads to progressive MOD, which is still
associated with a high mortality rate[1-5]. Recent studies showed
NF-kB is rapidly in response to many pathologic signals that
may be relevant during surgical trauma, including cytokines,
adhesion molecules, endotoxin, hypoxia, and shear [23-27].
Activation of NF-kB results in the transcrition of genes that
can participate in the inflammatory reaction by inducing the
production of cytokines, immunoreceptors, and cell adhesion
molecules [28-32] . These cytokines and proinflammatory
mediators are therefore a potentially attractive target inducing
MOD during sepsis and endotoxemia[33-47]. Information on the
role of NF-kB in sepsis, AOC and MOD is limited but shows
that NF-kB is increased during inflammation and sepsis[1,18].
The role of NF-kB activation in sepsis and in complication
such as MOD is a debatable issue. Pennington et al[20] observed
the degree of NF-kB activation with severity of acute
appendicitis and found that NF-kB binding activity is elevated
in these patients and correlates with symptoms longer than 24
hours. Arnalich et al [18] determined NF-kB activation in
peripheral blood monouclear cells of 34 patients with severe
sepsis and serial concentrations of inflammary cytokines and
resulted the prognosis value of early measrement of NF-kB activity
in patients with severe sepsis. Gong and Paterson et al[1,20]
determined NF-kB activation in mononuclear and neutrophils
from critically ill patients and compared NF-kB activation with
circulating concentrations of IL-6, IL-8 and soluble
intercellular adhension molecule (sICAM)-1, and found NFkB activation in patients systemic inflammaty response
syndrome, which increased makedly before death. However,
Chen et al[48] observed intrahepatic changes in TNF-α and NFkB activation in Sprague-Dawley rats with cecal ligation and
puncture, and their results implied NF-kB activation was not
linked to the outcome in sepsis. In our original study of patients
with AOC, the changes of NF-kB activation were documented,
but evidence of MOD and the effects of NF-kB were not
assessed. So it would be helpful to further analyze the
expression with the inflamed tissues. There is, however, no
published information about a key role of NF-kB in
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development of multiple organ dysfunction during biliary
infection. In this study, we investigated the role NF-kB in the
development of MOD in rats with AOC.
The present study shows a correlation among the
pathological damages of many vital organs, NF-kB activation
and release of proinflammatory cytokines. This is only one
published investigation about the correlation of NF-kB
activation and MOD during AOC. The present study
demonstrated that NF-kB activation plays a key role during
AOC. The finding that prompt surgical inflammary condition
of the inflammary focus results in a rapid normalization of
NF-kB activation adds further validity to this assay.
Perhape other important finding of this study was the
marked difference in NF-kB levels among various organs
during AOC. During AOC, Expression of NF-kB was observed
first in liver at 6 h. At 48 h, NF-kB also expressed in the lung,
the heart, and the kidney besides the liver. The liver was the
main organ which was injured by bacteria during AOC, liver
and other organs influence each other in their function, the
liver plays a key role in host defense. Matuschak et al reported
that the liver failure affected on the incidence and resolution
of the adult respiratory distress syndrome. Seki et al [49]
Hepatocytes produce acute phase protein and complement in
bacterial infections. KCs are activated by various bacterial
stimuli, including LPS and bacterial superantigens, and produce
IL-12 and other monokines. So the liver plays a crucial role in
the first line of defense against bacterial defections[50-52].
However, if this defense system is inadequately activated,
sepsis and shock associated with MOD takes place. It was found
in our previous study that when liver was injured, especially
KCs function failed, gram-negative bacteria normally restricted
to the biliary tract invaded the bloodstream and were trapped
in vital organs, and NF-kB activation occurred, eventually
MOD ensued. Further clinical trials are indicated to confirm
that this “molecular biology” marker indeed will be a useful
clinical tool in the management of the patients with AOC[53-56].
In conclusion, we have shown the expression of NF-kB
and the pathological changes of the damages occurred in many
vital organs, especially in liver during AOC. These findings
have an important implication for the role of NF-kB activation
in MOD during AOC.
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Abstract
AIM: To explore the potential carcinogenicity of bile from
congenital choledochal cyst (CCC) patients and the mechanism
of the carcinogenesis in congenital choledochal cyst patients.
METHODS: 20 bile samples from congenital choledochal
cyst patients and 10 normal control bile samples were used
for this study. The proliferative effect of bile was measured
by using Methabenzthiazuron (MTT) assay; Cell cycle and
apoptosis were analyzed by using flow cytometry (FCM),
and the PGE 2 levels in the supernatant of cultured
cholangiocarcinoma cells were quantitated by enzyme-linked
immunoabsordent assay (ELISA).
RESULTS: CCC bile could significantly promote the
proliferation of human cholangiocarcinoma QBC939 cells
compared with normal bile (P=0.001) and negative control
group (P=0.002), and the proliferative effect of CCC bile
could be abolished by addition of cyclooxygenase-2 specific
inhibitor celecoxib (20 µM). The QBC939 cells proliferative
index was increased significantly after treated with 1 % bile
from CCC patient (P=0.008) for 24 h, the percentage of S
phase (29.48 3.27)% was increased remarkably (P<0.001)
compared with normal bile (11.72 2.70) %, and the
percentage of G0/G1 phase (54.19 9.46) % was decreased
remarkably (P=0.042) compared with normal bile (69.16
10.88) %, however, bile from CCC patient had no significant
influence on apoptosis of QBC939 cells (P=0.719).
CONCLUSION: Bile from congenital choledochal cyst patients
can promote the proliferation of human cholangiocarcinoma
QBC939 cells via COX-2 and PGE2 pathway.
Wu GS, Zou SQ, Luo XW, Wu JH, Liu ZR. Proliferative activity of
bile from congenital choledochal cyst patients.World J
Gastroenterol 2003; 9(1): 184-187
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INTRODUCTION
Congenital choledochal cyst (CCC) is a rare disease in Western
countries[1-3]. Most of the reported cases come from Asia,
particularly from Japan[4-7]. In recent years, cases of CCC are
reported increasingly in China[8-17]. The incidence of carcinoma
arising in the wall of a congenital bile duct cyst is high and
this lesion is considered as a precancerous state of the biliary

tract, but its underlying precise mechanisms remain unclear.
For the purpose of resolving these mechanisms we used the
whole bile of CCC patients to act directly on the QBC939 cells
to determine the effects of CCC bile on the growth of
cholangiocacinoma cells.

MATERIALS AND METHODS
Materials
Bile samples collection and treatment: Experiments were
classified into CCC bile group, normal control bile group and
negative control group. 20 CCC bile samples were obtained
from the common bile duct of patients (5 male, 15 female, age
range 5-49 years, mean 26.8 years) with CCC underwent
operation at the Department of Surgery, Tongji hospital,
Wuhan, China. 10 normal control bile samples were obtained
from the common bile duct of patients (5 male, 5 female, age
range 23-51 years, mean 42.3 years) with a normal
hepatobiliary tract underwent surgery at the Department of
Surgery, Tongji hospital, Wuhan, China. All patients didn’t
take any nonsteroid anti-inflammatory drugs, antibiotics or
anti-tumor drugs before operation. Bile samples were filtered
(0.22 µm, Millipore) by sterile technique immediately twice
and stored at -80 . PBS (pH7.2) instead of bile sample was
used as negative control. Human extra-hepatic
cholangiocarcinoma cell line QBC939 was established and
given to us through the courtesy of professor Xu-Guang Wang
(Third Military Medical Univesity, China) [18], cells were
maintained as mono-layers in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10 % fetal bovine serum
(FBS, Gibco. USA.), 100 units/ml penicillin and 100 mg/ml
streptomycin in a humidified atomosphere of 95 % air and
5 % CO2 at 37 . They were subcultivated every 3-5 days
and given fresh medium every other day. 70-80 % subconfluent
monolayers of human cholangiocarcinoma cells were
employed in all experiments. PGE2 ELISA detection kit was
purchased from Jingmei Biotech Co., Wuhan, China. Celecoxib
was synthesized and given as a gift by Dr Zhi-Nan Mei (Wuhan
University, China) [19]. Stock solution was prepared in
dimethylsulfoxide (DMSO) and stored at -20 . In all experiments
DMSO final concentration in the medium was 0.1 %.
Methods
Cytotoxicity pretesting Cytotoxicity pretesting was taken
with each of the gradient diluted bile sample to determine the
concentration of experimental bile samples. Our results showed
that 1 % bile (10 µL bile/mL medium) had no significant
cytotoxic influence on QBC939 cells.
MTT assay The human cholangiocarcinoma cells QBC939
in proliferating status was determined by using MTT assay.
Cholangiocarcinoma cells were seeded at a density of 1×104
cells per well in flat-bottomed 96-well microplates. 12 h after
incubation, cells were treated with 1 % bile samples with or
without 20 µM celecoxib. After 24 h incubation, 20 µL MTT
(5 g/L) was added to each well, cultured for 4 h. After removed
of supernatant, 150 µL DMSO was added and shaken for 5
min untill the crystal was dissolved. OD490nm value was
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Statistical analysis
Data were expressed as x s. Student’s t-test was used for
statistical analysis. P<0.05 indicates significant difference.
RESULTS
Assay of COX-2 activity
The COX-2 activity was determined by PGE2 levels in the
supernatant released by the cultured human cholangiocarcinoma
cells QBC939. The concentrations of PGE2 in culture medium
of QBC939 cells treated with 1 % CCC bile, 1 % normal bile
or 1 % PBS (pH7.2) with or without 20 µM celecoxib for 24 h
were quantitated by ELISA (Table 1). CCC bile could induce
the release of PGE2 in QBC939 cells: the PGE2 level was higher
significantly (P<0.001) in CCC bile group (184.0 9.7 ng/
well) compared with that in normal control bile group (131.0
7.3 ng/well) and negative control group (123.3 8.4).
Celecoxib could suppress QBC939 cells PGE2 production, the
PGE2 concentration was 80.3 7.1 ng/well, 74.1 9.7 ng/well
and 72.4 10.8 ng/well in CCC bile group, normal control
bile group and negative control bile group respectively, when
pre-treated with 20 µM celecoxib, there was no statistical
difference (P>0.05).

Effects of bile on the growth of QBC939
QBC939 cells were incubated in 1 % bile samples with or
without 20 µM celecoxib, and the cell density was measured
by using MTT assay (Table 2). CCC bile co uld significantly
promote the proliferation of human cholangiocarcinoma
QBC939 cells compared with normal bile (P=0.001) and
negative control group (P=0.002), and the proliferative effect
of CCC bile could be abolished by addition of cyclooxygenase2 specific inhibitor celecoxib.
Table 2 Effects of bile on the growth of QBC939 with or without celecoxib
Group

n

OD490

A

20

0.59

0.17

b

P=0.002,dP=0.001 0.29 0.09

b

P=0.089,dP=0.190

B

10

0.47 0.14

b

P=0.398

0.26 0.07

b

P=0.052

C

5

0.43 0.10

PGE2

A

20

184.0

9.7

b

B

10

131.0 7.3

b

C

5

123.3

8.4

P

+CE PGE2

P<0.001,dP<0.001 80.3

7.1

74.1

9.7

P=0.087

b

P=0.057,dP=0.055

P=0.771

0.24 0.09

90
60
30

A

0
0

200
400
DNA

600

0

200
400
DNA

600

120
90

P

b

P

120

Cell number

n

+CE OD490

Flow cytometric analysis of cell cycle and apoptosis
The QBC939 cells proliferative index (PI) increased significantly
(P=0.008) after treated with 1 % CCC bile (41.53 5.68)
compared with normal bile (25.46 4.41), PI =(S+G2/M) %
100. The percentage of S phase cells was increased remarkably
(P<0.001) in CCC bile group (29.48 3.27) % compared with
that in normal bile group (11.72 2.70) %, and the percentage
of G0/G1 phase cells was decreased remarkably (P=0.002) in
CCC group (54.19 9.46) % compared with that in normal group
(69.16 10.88) %, CCC bile had no significant influence on
the apoptosis of QBC939 cells compared with normal bile
(P=0.719). The percentage of apoptotic cells in CCC bile group
and normal bile group were (2.38 0.41) % and (2.09 0.36) %
respectively (Figure 1).

Table 1 PGE2 level released by QBC939 in the existence of bile
with or without celecoxib
Group

P

QBC939 cells were incubated in 1 % CCC bile (A), 1 % normal
bile (B) or 1 % PBS (C) with or without 20 µM celecoxib (+CE),
and the cells density (OD490nm) was measured by using MTT
assay. Data were expressed as x s, b vs C, d vs B.

Cell number

measured by using an enzyme-linked immunoabsorbent assay
reader. The negative control well had no cells and was used as
zero point of absorbance. Each assay was performed three times
in triplicate.
ELISA The PGE2 levels in the supernatant of cultured human
cholangiocarcinoma cells QBC939 were quantitated by ELISA:
Cells were seeded into 24-well microplates (4.0×105/well) and
allowed to adhere overnight. The cells were then incubated in
the presence 1 % bile samples with or without 20 µM celecoxib
for 24 h. The supernatants were aspirated and centrifuged to
prepare for the detection of PGE2. 0.5 mL supernatant was
added into 0.1 mL 1N HCl and centrifuged for 10 min at room
temperature; then 0.1 mL 1.2N NaOH was used to neutralize
the acidified samples. Standard solution (200 µL per well) or
activated samples were added into the microplates. Then the
steps were proceeded as instructed. The value of OD of each
well was determined at 450nm. The supernatants were harvested
in triplicate and the experiment was performed three times.
Flow cytometric analysis Cholangiocarcinoma cells QBC939
were trypsinized and plated in 6-well culture dishes in the
presence of 1 % CCC bile or 1 % normal bile. After 24 h, cells
were harvested, centrifuged at low speed and fixed in 70 %
ethanol. After overnight incubation at 4 , cells were stained
with 50 µg/ml propidium iodide in the presence of Rnase A
(10 µg/ml) and 0.1 % Triton X-100 and determined by using a
flow cytometer.
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The concentrations of PGE2 (ng/well) in culture medium of
QBC939 cells treated with 1 % CCC bile (A), 1 % normal bile
(B) or 1 % PBS (C) with or without 20 µM celecoxib (+CE) for
24 h were quantitated by ELISA. Data were expressed as x s,
b vs C, d vs B.

Figure 1 Representative data of cell cycle and apoptosis from
QBC939 cells in the presence of 1 % CCC bile (B) or 1 % normal
bile (A) for 24 h was analyzed by using flow cytometry.
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DISCUSSION
As one of the high risk factors of cholangiocarcinoma, CCC is
a common disease in eastern countries. Choledochal cysts are
associated with a 10 % overall incidence of cholangiocarcinoma:
there is a 1 % cumulative risk which plateaus after 15-20 years[20].
In almost all cases congenital bile duct cysts are related to
anomalous arrangements of the pancreaticobiliary duct system
(APBDU) which seems to play a crucial role in the development
of cystic bile ducts and biliary carcinogenesis. Bile stasis
together with reflux of pancreatic juice causing longstanding
inflammation and activation of bile acids might be the factors
in carcinogenesis of the exposed bile duct epithelium in the
cystic wall[21]. Ohtsuka[22] have reportd that bile presented one
possible explanation for the predisposition to carcinoma in
choledochocele as bile containing amylase may stagnate in
the choledochocele and then carcinoma may develop in the
inner epithelium of the choledochocele by the same mechanism
as that leading to carcinogenesis in patients with APBDU.
Elevation of the secondary and free bile acid concentrations
is considered as a risk factor for biliary carcinogenesis in CCC
patients. Yuzuru et al[23]. have suggested that elevation of the
lysolecithin (LL) in the bile is one of the factors for
development of biliary tract carcinoma in patients with CCC:
the LL in the phospholipid, which is produced from lecithin
by activated phospholipase A2 in refluxed pancreatic juice,
was significantly elevated in the CCC group. Yoon et al[24].
have indicated that bile acids both induced EGFR
phosphorylation and enhanced COX-2 protein expression.
EGFR was activated by bile acids and functioned to induce
COX-2 expression by a MAPK cascade. The induction of
COX-2 might participate in the genesis and progression of
cholangiocarcinomas.
In an effort to delineate the underlying mechanisms of the
carcinogenesis in CCC patients, we used the whole bile from
CCC patients for the first time to act directly on the human
cholangiocacinoma QBC939 cells in vitro to determine the
effects of CCC bile on the growth of human cholangiocacinoma
cells. Our data showed that CCC bile could significantly promote
the proliferation of human cholangiocarcinoma QBC939 cells
compared with normal bile, and the proliferative effect of CCC
bile could be abolished by addition of cyclooxygenase-2 specific
inhibitor celecoxib. Our research indicated that CCC bile
promoted the proliferation of human cholangiocarcinoma
QBC939 cells via COX-2 and PGE2 pathway.
Substantial evidences have shown that COX-2 is important
in carcinogenesis[25-33]. Celecoxib as a new COX-2 selective
inhibitor has shown its safety and efficiency in human and
animal. Several studies have demonstrated that celecoxib has
significant efficacy in animal models: Celecoxib inhibited
intestinal tumor multiplicity up to 71 % compared with controls
in the Min mouse model, inhibited colorectal tumor burden in
the rat azoxymethane (AOM) model[34-36]. Recently celecoxib
has been approved by FDA to reduce the number of
adenomatous colorectal polyps in patients with familial
adenomatous polyposis (FAP). Our data suggested that
celecoxib as a chemopreventive and chemotherapeutic agent
might be effective in cholangiocarcinomas and could be used
as a chemopreventive strategy in the people of high-risk
conditions for the development of cholangiocarcinoma such
as CCC patients. Our research demonstated that the QBC939
cells proliferative index increased significantly after treated
with CCC bile for 24 h, the percentage of S phase was increased
remarkably compared with normal bile, and the percentage of
G0/G1 phase was decreased remarkably compared with normal
bile, however, CCC bile had no significant influence on
apoptosis of QBC939 cells. These data suggested that CCC
bile could effect on the QBC939 cell proliferation cycle and
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the proliferative activity of CCC bile was on cell cycle but not
on apoptosis.
In conclusion, CCC bile can promote the proliferation of
human cholangiocarcinoma QBC939 cells and these effects
are via COX-2 and PGE2 pathway.
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Abstract
AIM: To investigate the utility of K-ras mutation analysis of
ultrasound guided fine-needle aspirate biopsy of pancreatic
masses.
METHODS: Sixty-six ultrasound guided fine-needle biopsies
were evaluated by cytology, histology and k-ras mutation.
The mutation at codon 12 of the k-ras oncogene was
detected by artificial restriction fragment length
polymorphisms using Bst NI approach.
RESULTS: The presence of malignant cells was reported in
40 of 54 pancreatic carcinomas and K-ras mutations were
detected in 45 of the 54 FNABs of pancreatic carcinomas. The
sensitivity of cytology and k-ras mutation were 74 % and 83
%, respectively. The speciality of cytology and k-ras mutation
were both 100 %. The sensitivity and speciality of k-ras mutation
combined with cytology were 83 % and 100 %, respectively.
CONCLUSION: High diagnostic accuracy with acceptable
discomfort of FNAB make it useful in diagnosis of pancreatic
carcinoma. Ultrasound guided fine-needle biopsy is a safe
and feasible method for diagnosing pancreatic cancer.
Pancreatic carcinoma has the highest K-ras mutation rate
among all solid tumors. The mutation rate of k-ras is about
80-100 %. The usage of mutation of codon 12 of k-ras
oncogene combined with cytology is a good alternative for
evaluation of pancreatic masses.
Zheng M, Liu LX, Zhu AL, Qi SY, Jiang HC, Xiao ZY. K-ras gene
mutation in the diagnosis of ultrasound guided fine-needle biopsy
of pancreatic masses. World J Gastroenterol 2003; 9(1):188-191
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INTRODUCTION
Pancreatic adenocarcinoma is a very aggressive carcinoma and
has the worst prognosis in common abdominal cancer[1-3].
Despite the poor prognosis, patients with localized disease may
be cured with surgery[4-6]. However, it is difficult to diagnose

pancreatic cancer in the earlier stages. This dismal prognosis
is a result not only of biological aggressiveness but also of
diagnosis late in the chronological progression of the tumor.
If pancreatic cancer can be resected when it is small, the
prognosis is much better, with a 5-year survival of
approximately 40 %[7-9]. When pancreatic cancer is clinically
suspected and a pancreatic mass identified by ultrasonography
or computed tomography scan, a guided percutaneous fineneedle biopsy (FNAB) can be obtained; this may be the only
sample available for diagnosis in most patients[10-12].
Even though alternative techniques for sampling cellular
or tissue material have been developed, FNAB is still widely
used for morphological verification of intra-abdominal
malignancies, especially in pancreatic cancer. Although it has
been questioned because of the risk of peritoneal seeding and
seeding of tumor cells along the needle tract. It is still widely
used for the diagnosis of pancreatic cancer combined with
modern molecular biological techniques[13].
The high incidence of mutations at codon 12 of the K-ras
gene (65-100 %) leads to consider them as a potential tumor
marker at the tissue level[14-19]. The development of PCR-based
techniques for detection of K-ras mutations has allowed its
use in the clinical setting. The high incidence of mutation
suggests that it may be used as a tumor marker at the tissue
level. The role of k-ras detection in the clinical evaluation of
pancreatic mass has to be established in a large series of
patients. Data suggest that a combination of cytological
examination and K-ras mutation detection in cellular material
may improve diagnostic accuracy [20-26]. In this study we
evaluated the diagnostic utility of cytological and histological
examination and k-ras mutation detection, alone and in
combination under the ultrasound guided FNAB from 66
patients with pancreatic masses.

MATERIALS AND METHODS
Patients and samples
Between January 1997 and May 2001, 66 consecutive patients
(38 men and 28 women, mean age of 54±9 years) with
pancreatic masses were included. In all cases FNAB of the
masses were percutaneously obtained under ultrasonographic
guidance. A portion (50 %) of each FNAB was immediately
examined by pathologist. The other 50 % of the same specimen
was frozen and stored in liquid nitrogen.
Final diagnosis of pancreatic carcinoma was established if
malignant cells were identified in the FNAB or in surgically
resected specimens or when death occurred within six months
after diagnosis, with clinical evolution compatible with
disseminated cancer disease. Other types of neoplasm were
diagnosed on the basis of pathological findings. The diagnosis
of chronic pancreatitis was based on standard clinical criteria.
In chronic pancreatitis, a minimum of 6-month (range, 6-27
months) follow-up period with no evidence of cancer was
available. Pancreatic tuberculosis was confirmed by positive
Lowenstein culture.
Detection of K-ras codon 12 mutations
DNA was extracted following standard procedures. We utilized
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BstNI (Promega, USA) restriction fragment length polymorphism/
polymerase chain reaction (RFLP/PCR) method that enriches
for the amplification of mutant codon 12 K-ras alleles by
cleaving amplified wild-type allele through intermediate
digestion between first- and second-round PCR[27]. To create
the restriction site for the enzyme BstNI [CCTGG], which is
lost when a K-ras codon 12 mutation exists, the first-round
amplification was performed using the mutant primers K-ras
5’ and DD5P (Table 1) in a volume of 50 µL containing PCR
buffer (50 mmol/L KCl, 20 mmol/L Tris HCl, pH 8.4), 1.5
mmol/L MgCl2, 0.2 mmol/L each dNTP (Promega, USA), 1U
of Taq polymerase (Life Technologies, USA), and 150 ng of
PCR primers[28]. The reactions were 10 cycles of 92 (15s),
44 (15s) and 72 (15s). An aliquot of 5 µL of the amplified
product was enzymatically digested with BstNI following the
manufacturer’s directions. One microliter of the digested
product was reamplified using a heminested reaction with
mutant amplimers K-ras 5’ and K-ras 3’ [28]. The reaction
conditions were 35 cycles of 92 (15s), 54 (15s) and 72
(15s). The latter primer artificially introduces an internal control
to assure the completion of enzymatic digestion. After
polyacrylamide gel electrophoresis (6 %) and ethidium
bromide (0.5 g/L) staining, the 143-bp band depicted the mutant
allele, and the 114-bp band the wild-type allele. RFLP/PCR
method consistently detected a mutant allele in serial dilutions
containing at least 1 mutant allele in 1 000 wild-type alleles.
Positive bands were always clearly identifiable when DNA
obtained from FNAB was examined. All samples were
analyzed in duplicate. Results were available 48-72 h after the
tissue sample was obtained.
Table 1 Primers for K-ras mutation detection
Round

Primer

Sequence

First

K-ras 5’

5’-ACTGAARARAAACTTGTGGTAGTTGGACCT-3’

DD5P

5’-TCATGAAAATGGTCAGAGAA-3’

Second

K-ras 5’

5’-ACTGAATATAACTTGTGGTAGTTGGAACCT-3’

K-ras 3’

5’-TCAAAGAATGGTCCTGGACC-3’

RESULTS
Cytological examination
Final diagnoses were as follows: 54 pancreatic carcinomas, 3
other malignancies (1 lymphoma, and 2 cholangiocarcinomas), 6 benign diseases (5 chronic pancreatitis and 1
tuberculosis), and 3 endocrine tumors. The presence of
malignant cells was reported in 40 of 54 pancreatic carcinomas
with no false positives. However, in 14 of the 54 FNABs of
pancreatic carcinomas, the cytological report was not
conclusive: 12 because of insufficient material and 2 because
of suspicion. The sensitivity of cytology was 74 % in the
diagnosis of pancreatic cancer.
Molecular diagnosis
Molecular analysis was possible in 54 of 66 FNABs. K-ras
mutations were detected in 45 of the 54 FNABs of pancreatic
carcinomas, with no false positives. The combination of
cytology and enriched RFLP/PCR analysis was always
informative and showed a sensitivity of 83.3 %, with a
specificity of 100 %. Only nine pancreatic carcinomas failed
to be correctly classified after the combined cytological and
molecular analysis.
In three cases, a K-ras positive analysis in combination with
the presence of suspicious cells was considered confirmation
of pancreatic cancer, and no further studies were performed.
Two of these patients died 1 and 3 months later, respectively,

189

with a clinical course consistent with advanced pancreatic
cancer. In the other, positive peritoneal disease was present at
surgery. In one patient with insufficient material at cytology,
molecular analysis was the endpoint of the diagnostic workup, and laparotomy was not performed because of the poor
clinical status of the patient. Finally, in the remaining one
patient with insufficient material for cytological evaluation and
K-ras positive analysis, surgical resection of a histologically
confirmed pancreatic carcinoma was performed.

DISCUSSION
The influence of biopsy on the natural history of pancreatic
carcinoma is still unclear, considering the increasing intention to
treat and the development of new multimodality therapies[29,30].
Our data indicate the FNAB of pancreatic malignancy can be
easily performed without serious side effects and is still a safe
and useful procedure for establishing the diagnosis of
pancreatic carcinoma. High diagnostic accuracy with
acceptable patient discomfort has also been reported when
using an 18-gauge cutting needle with an automatic springloaded sample device. The large amount of tissue obtained
could improve the microscopic evaluation, but it has not been
verified that microhistology offers advantages over cytology
in the diagnosis of pancreatic cancer. The complication rate,
including needle tract seeding, in pancreatic carcinoma is lower
than in other tumors[31,32].
The main limitation of cytological analysis is the substantial
proportion of cases in which a conclusive report is not possible,
and where a second procedure to confirm diagnosis is required.
FNAB can get a bigger tissues for microhistological
examination. The molecular approach allows detection of Kras mutants even when cells are present in a small proportion.
Mutation detection would have complemented the cytological
evaluation of FNAB when cellular material was insufficient,
suspicious cells were present, or when healthy-appearing duct
cells were reported[33].
Pancreatic carcinoma is known to have the highest K-ras
mutation rate among all tumors. The codon 12 of this gene is
affected in 80-100 % of the cases[34-36]. Only a minority of
pancreatic cancers (9 cases) failed to be correctly classified by
the combined histological and molecular approach in our
studies. Although inaccurate sampling of the lesion may
account for some of the false negatives observed, the molecular
approach has some limitations[26,37]. The discrepancies between
the results of the various studies are based on the wide range
of investigated cases, the selection of lesion types, and the
sensitivity of the microdissection and PCR techniques
employed. The clinical usefulness of ras mutations relies on
the development of rapid, sensitive, and reproducible
techniques for their detection. Moreover, a positive molecular
diagnosis avoided iterative pancreatic fine-needle aspiration
or further diagnostic procedures in these patients.
In Japanese studies, a comparison of the K-ras mutation
pattern in ductal lesions with that of the adjacent carcinomas
revealed nearly identical mutation patterns[38,39], whereas in a
study from North America a concordance rate of only 50 %
was reported[40]. The results of our analysis showed identical
mutation patterns in the primary tumor confirming the results
of the Japanese authors. There are large differences in the
incidence of ras mutations between Japanese and Western
populations, although the reason is still unclear and the number
of subjects is limited. In Japan, the frequency of K-ras mutation
ranged from 55-80 %[41-44], whereas in West it was relatively
low, ranging from 0-31 %[45,46]. The current data suggest that
most patients have ras gene mutations in the tumor itself, which
is similar to previous Japanese reports.
In conclusion, the results of the present study indicate that
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K-ras analysis is a highly specific and sensitive approach in
pancreatic carcinoma patients and suggest that a k-ras assay
may have a role in the diagnostic assessment of these patients.
Further investigations are needed to confirm these results, to
improve the technique’s sensitivity, and to establish its
usefulness in the early.
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Abstract
AIM: To reduce the incidence of postoperative anastomotic
leak, stenosis, gastroesophageal reflux (GER) for patients
with esophageal carcinoma, and to evaluate the conventional
method of esophagectomy and esophagogastroplasty
modified by a new three-layer-funnel-shaped (TLF)
esophagogastric anastomotic suturing technique.
METHODS: From January 1997 to October 1999, patients
with clinical stage I and II (IIa and IIb) esophageal
carcinoma, which met the enrollment criteria, were surgically
treated by the new method (Group A) and by conventional
operation (Group B). All the patients were followed at least
for 6 months. Postoperative outcomes and complications
were recorded and compared with the conventional method
in the same hospitals and with that reported previously by
McLarty et al in 1997 (Group C).
RESULTS: 58 cases with stage I and II (IIa and IIb)
esophageal carcinoma, including 38 males and 20 females
aged from 34 to 78 (mean age: 57), were surgically treated
by the TLF anastomosis and 64 by conventional method in
our hospitals from January 1997 to October 1999. The quality
of swallowing was improved significantly (Wilcoxon W=2 142,
P=0.0 001) 2 to 3 months after the new operation in Group
A. Only one patient had a blind anastomatic fistula diagnosed
by barium swallow test 2 months but healed up 3 weeks
later. Postoperative complications occurred in 25 (43 %)
patients, anastomotic stenosis in 8 (14 %), and GER in 13
(22 %). The incidences of postoperative anastomotic leak,
stenosis and GER were significantly decreased by the TLF
anastomosis method compared with that of conventional
methods (χ2=6.566, P =0.038; χ 2=10.214, P= 0.006;
χ2=21.265, P=0.000).
CONCLUSION: The new three-layer-funnel-shaped

esophagogastric anastomosis (TLFEGA) has more advantages
to reduce postoperative complications of anastomotic leak,
stricture and GER.
Dan HL, Bai Y, Meng H, Song CL, Zhang J, Zhang Y, Wan LC,
Zhang YL, Zhang ZS, Zhou DY. A new three-layer-funnel-shaped
esophagogastric anastomosis for surgical treatment of
esophageal carcinoma.World J Gastroenterol 2003; 9(1): 22-25
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INTRODUCTION
Surgical therapy is considered the major method for treatment
of operable esophageal cancer[1-2]. Unfortunately, there are
many operative complications after classical standard
esophagectomy and esophageal reconstruction with stomach
in patients with esophageal carcinoma. Anastomotic leak, with a
rate of about 12-14 % as reported, is the most severe complication
and the principal cause of death after operation[3-7]. Anastomotic
stenosis and gastroesophageal reflux (GER), with higher rates
of about 36.4-40 % and 50-60 % respectively, result in
dysphagia, heartburn, regurgitation and nause[3-7].
We modified the conventional method of esophagectomy
and created a new three-layer-funnel-shaped (TLF)
esophagogastric anastomotic suturing technique, which
significantly reduced postoperative complications of
anastomotic leak, stricture and GER.
MATERIALS AND METHODS
Patients and preoperative examination
From January 1997 to October 1999, the patients with clinical
stage I and II (IIa and IIb) esophageal carcinoma, which met
the enrollment criteria, were allocated into two groups and
surgically treated by a new method (Group A) and the
conventional operation (Group B) in our hospitals. All patients
were diagnosed by esophagoscopy and biopsy. Barium swallow
test confirmed that the cancer length was <5 cm, there was
absence of sinus or fistula. No lung or liver metastases was
detected by radiography and/or computed tomography (CT)
scan of the chest and ultrasonography of the upper abdomen.
Supraclavicular lymph nodes were not involved by physical
examination in all patients. Karnofsky performance status was
>70. All patients assessed by pulmonary functional test were
fit for thoracotomy. Patients with stage III or IV esophageal
carcinoma, inoperable conditions, receiving chemotherapy or
radiotherapy before or after operation were precluded.
Methods of operation
Partial or sub-total resection of esophagus was routinely
performed through left or right thoracic incision, some cases
need cervical incision, with removal of paraesophageal,
subcarinal, supradiaphragmatic, perihiatal, as well as left gastric
and coeliac lymph node group. Partial gastrectomy was
performed with esophagogastric junction carcinoma. The
stomach remained and was reconstructed as a tube-like pouch
to replace the resected part of the esophagus. The anastomotic
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techniques were improved as follows:
When the gastric tube was constructed, an adequate amount
of greater omentum was reserved for protecting the right
gastroepiploic vessels and the blood supply of the gastric tube.
The gastric tube was kept long enough to avoid tension and
pulled along the esophageal bed, anchored to the back of the
chest wall beside the mediastinum (The cervical cancer need a
cervical incision to perform the anastomotic suture in the neck).
First, the esophageal muscular layer was cut 3.0-3.5 cm in
length into the inclined cycle, and the esophageal mucosa was
kept 1.0-1.5 cm longer. Between the short gastric vessel, the
sero-muscular layer was incised 4.0-4.5 cm, and its posterior
aspect was hand-sewn to the same aspect of esophageal
muscular layer. Then, excised the inner circular muscle layer
and mucosa of stomach for 2.5-3.0 cm long and anastomosed
to the esophageal mucosa by interupted suture. The anterior
aspect of the esophageal muscular and the gastric sero-muscular
layer was sewn finally with fundoplication by inversion suture.
The fundoplication suture cycle is 1.0 -2.0 cm larger than the
suture cycle of the esophageal muscular-to-sero-musculer layer
of the stomach (Figure 1). The other procedures were
performed as usual.

Esophagus

C
B
A

Gastric tube

C
B

Serosa

Muscularis

Muscularis

Submucosa
Mucosa

Submucosa
Mucosa

A

Esophagus

and any symptom of dysphagia when swallowing solid food,
semisolids or liquids, requiring endoscopic dilation. GER was
present if the patient had intermittent or continuous heartburn,
regurgitation and nausea, especially that required antacids for
relief of heartburn, or barium regurgitation at horizontal posture
or Trendelenburg’s position on radiographic examination.

Statistical analysis
All patients’ general characteristics, pathological pattern of
carcinoma, clinical staging, swallowing ability, postoperative
complications, and incidences of anastomotic leak, stricture,
and GER were recorded and compared to that treated by
conventional methods in the same hospitals and that reported
previously by McLarty et al[7]. Quantitative data were compared
by using Independent-Samples t test and qualitative data by
Chi-square, Fisher’s exact test, and Wilcoxon rank test.
Statistical significance was assumed at P 0.05.
RESULTS
58 patients (Group A), including 38 males and 20 females aged
from 34 to 78 (mean age: 57), 54 cases with dysphagia, 4
without any symptom by routine examination, were
successfully treated by the new method and 64 (Group B) by
the conventional operation. There were no severe intraoperative
complications, no operative mortality, no abscesses or
uncontrolled infections occurred in all patients. Treated by the
new method, the quality of swallowing of the patients improved
significantly (P=0.0 001) 2 to 3 months after the operation
(Table 1). In Group A, only one patient had a minute blind
anastomatic fistula into the immediate paraesophageal soft
tissues without causing any symptoms which was diagnosed
by barium swallowing test 2 months after the operation, but
healed up automatically without any treatment 3 weeks
afterwards. Postoperative complications occurred in 25 patients
(43 %), including incision and/or thoracic cavity bleeding in
2, wound infection in 1, pneumonia in 1, anastomotic stenosis
in 8 (14 %), and GER in 13 (22 %). There were 7 of 8 cases
with symptom of dysphagia but dilated successfully by
endoscopy, 1 case with moderate stricture could only eat
semisolid or liquid food 1 year after the operation.
Table 1 Evaluation of swallowing quality after operation
(Group A, n=58)
No symptom
of dysphagia

Stomach

Figure 1 Technique of three-layer-funnel-shaped(TLF)
esophagogastric anastomosis. A: mucosa-to-mucosa suture
cycle; B: the esophagus muscular to gastric sero-muscular suture cycle; C: fundoplication suture cycle.

Postoperative management and follow-up
After the operation, all patients were treated routinely by thoracic
drainage, nutrition support, and antibiotics. The swallowing
ability and symptoms of anastomotic leak, stricture and GER
were observed clinically as reported [3-7]. All patients were
evaluated clinically by their general condition, eating habits,
swallowing ability and barium swallow test or esophagoscopy
2 to 3 months after the completion of all treatments and followed
up at intervals of 2-3 months for at least 6 months.
Postoperative anastomotic leak was diagnosed clinically by
leakage of gastrointestinal contents and radiographically
extravasation of water-soluble contrast medium at the site of
anastomosis. The anastomotic stricture was defined as any form
of narrowing in the anastomosis region by contrast swallow
study ( 2.0 cm in diameter in obverse and lateral posture)
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With symptom of dysphagia
Solid Food

Semisolids

Liquids

Preoperation

4 (6.9%)

23 (39.7%)

26 (44.8%)

5 (8.6%)

Postoperation

50 (86.2%)

5 (8.6%)

2 (3.4%)

1 (1.7%)

Analysed by wilcoxon rank test (Wilcoxon W=2 142, P=0.0 001),
swallowing quality of patients after operation increased significantly compared with that before operation.

Except the difference of pathological type of carcinoma in
the west from that in China, which was not the major factor
that affected the operation modality and the early outcomes,
the patients’ general characteristics, tumor site and clinical
staging in Group A were analogous to those in Group B and
that reported previously by Allison et al (Table 2). Although
the total incidence of postoperative complications were not
different due to different method of calculation, the incidences
of anastomotic leak, stricture, and GER in our new method
therapy group were significantly reduced compared with that
of conventional therapy groups (Table 3).
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Table 2 Characteristics and pathological condition of patients in different groups
A New method
(n=58)
Sex (male /female)
Mean age (range) (years)
Tumor site
Upper (include cervical)
Middle
Lower(junctional part)
Pathological typeb
Squamous
Adenocarcinoma
Others
Tumor Diameter
(Mean±SD)(cm)
Clinical Staging
Stage I
StageIIA
StageIIB

B Conventional
(n=64)

C Reporteda
(n=107)

Statistical analysis
x2/t

P Value

46/12
57 (34-78)

43/21
54(28-76)

81/26
62 (30-81)

2.563

0.279

4 (7%)
21 (36%)
33 (57%)

3 (4.6%)
24 (37.5%)
37 (57.8%)

2 (2%)
43 (40%)
62 (58%)

2.731

0.604

32 (55%)
22 (38%)
4 (7%)

34(53%)
28(44%)
2(3%)

28 (26%)
72 (67%)
7 (7%)

14.399
1.155

0.001b
0.561c

3.1±1.94

3.6 ± 1.58

ND

18 (31%)
31 (53%)
9 (16%)

22 (35%)
29 (45%)
13 (22%)

34 (32%)
65 (61%)
8 ( 8%)

1.551(t)

0.084

7.272

0.122

a
By McLarty AJ, Deschamps C, Trastek VF, et al. Ann Thorac Surg, 1997;63:1568-1572. bThe pathological type of esophageal carcinoma was different as reported in the west from that in China (P=0.001), but it was not the major factor that affected the methods
and early outcomes of operation. cCompared the pathologic type of cancer treated by the new(Group A) and the conventional
(Group B) methods. ND: No data available.

Table 3 Postoperative Outcomes and Complications of Patients in the above Groups
A New method
(n=58)
No complication
Complications
Anastomotic leak
Anastomotic stricture
Dysphagia to food
Postoperative dilation
Gastroesophageal reflux
Reflux Symptoms
Required antiacids
a

B Conventional
(n=64)

C Reporteda
(n=107)

Statistical analysis
x2/t

P Value

33(56.9%)
25 (43%)
1 (2%)

26(40.6%)
38(59.3%)
4(6%)

17 (16%)
43 (40%)
13 (12%)

29.716
2.258
6.566

0.000
0.353
0.038

8 (13%)
8 (14%)

24(37.5%)
23(35.9%)

40 (37%)
46(43%)

10.214
14.746

0.006
0.001

13 (22%)
11 (19%)

33(52%)
20(32%)

64 (60%)
31 (29%)

21.265
2.026

0.000
0.363

By McLarty AJ, et al. Ann Thorac Surg, 1997;63:1568-1572.

DISCUSSION
There are clear evidences that patients with earlier stage
esophageal carcinoma have relatively good outcomes when
treated with resection only, especially through thoracic incision
which is easy to remove the regional lymph nodes and to carry
out the whole operation[1,2,8]. Multimodality treatment with
neoadjuvant chemotherapy or chemoradiotherapy was
recommended for esophageal carcinoma by some studies but
the results are debatable recently by other studies due to poor
outcomes at present[9-12]. Yet there are still many postoperative
complications such as leaks, stricture, and GER, which affect
the esophageal function and quality of life, as well as longterm survival of the patients[3-7].
Anastomotic leak is mainly caused by ischemia of the
anastomosis and errors in surgical technique[7]. Except few
recurrence of carcinoma which occurs usually above 6 months
after operation, small-bore anastomosis and fibrotic stenosis
are the principal causes of anastomotic stricture that results in
poor function of swallowing[3,4,7]. Some studies show that there
is a trend toward slightly higher leaking rate for one-layer

anastomosis and a higher stricture rate for two-layer
anastomosis[4,13,14]. As for GER, it is basically caused by loss
or alteration of normal anatomical structure, location, and
function of esophagus, cardia and stomach[3,5,6].
The new three-layer-funnel-shaped esophagogastric
anastomotic suturing technique, we report here, has more
advantages than the classical ones. First, it not only maintains
adequate arterial perfusion and venous drainage by reserving
enough amount of greater omentum, protecting the right
gastroepiploic vessels, and avoiding excessive tension of gastric
tube and esophagus, but also maintains accurate mucosa-tomucosa, muscular-to-muscular apposition and enhances the
anastomosis by three-layer sutures, as well as omentum or
pleura covering. This significantly avoids the occurrence of
anastomotic leak according to our clinical data.
Second, it forms three inclined suture cycles in different
diameters at different levels (Figure 1). The fundoplication
suture cycle and the esophageal muscular-to-gastric seromusculer suture cycle are ellipse like and big enough to form
a large-bore anastomosis that reduces stricture formation. That
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is why the incidence of anastomotic strictures being low and
dilated easily and effectively in our study.
Third, with adequate mucosa-to-mucosa suture, the new
method reconstructed a soft mucosa petal which forms the third
suture cycle, smaller in diameter and easier to open or shrink
automatically, and prevents GER effectively. Although
postoperative GER still occurred in 22 % which need further
study, it was significantly decreased compared to the
conventional method [15]. Twenty-four-hour esophageal pH
monitor is a new method to diagnose GER and we plan to
carry out a further randomized clinical trial to more
scientifically evaluate the anti-GER effects of the mucosa petal
created by the new anastomosis[16].
Like all conventional anastomotic suture techniques, we
also emphasize that it is important for the anastomotic healing
to prevent infection, malnutrition, influence of chemotherapy
and radiotherapy and other related factors in perioperative
stage. To prevent the anastomotic tissue injury from
strangulation, one should never suture too tightly, or place an
excessive number of sutures. In addition, each suture ‘bite’ of
esophageal muscular layer may be transversely sewn so as to
overcome the problem because the longitudinally oriented
esophageal muscle holds suture poorly.
Some studies recommend that the stapled esophagogastric
anastomosis after resection for esophagogastric or cardia cancer
is a simple and expeditious procedure, carrying an acceptable
perioperative morbidity and cancer recurrence rate[17-19]. But
except the technical problems caused by the staples, the stricture
rate of stapled anastomosis was higher[17-21]. Beitler et al
systemically reviewed the related randomized controlled trials
and pointed out that both stapled and hand-sewn techniques are
acceptable but both need further improvement[22]. GER is
recently demonstrated as a main risk factor for esophageal
adenocarcinoma and is the main factor that decreases the
quality of life of patients after operation[7,23-30]. The new threelayer-funnel-shaped esophagogastric anastomotic suturing
technique is a pilot study, its effect on anti-GER has not been
very ideal, and we are making further efforts for improvement,
especially that on the prevention of anastomotic leak, stricture
and GER.
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Abstract
AIM: To investigate CpG methylation and single nucleotide
polymorphism (SNP) of a specific promoter region of hMLH1
in primary gastric carcinoma.
METHODS: Primary gastric carcinomas (n=80), their
corresponding normal mucosal samples, and gastric mucosal
biopsies from normal/gastritis control patients (n=54) were
used. Hypermethylation at -253 nt and -251 nt in relation
with the translational start site and SNP of a silencing specific
region (-339 nt-46 nt) in the hMLH1 promoter were analyzed
by Bst UI-combined bisulfite assay (COBRA), denaturing high
performance liquid chromatogram (DHPLC), and sequencing.
RESULTS: (A) The specific methylation at -253 nt and -251
nt was observed in 2 of 60 primary gastric carcinomas, but
neither in all of the corresponding mucosa nor in normal/
gastritis samples, by Bst UI-COBRA and DHPLC. (B) The
hMLH1 promoter was methylated homogeneously in the
xenograft of the primary gastric carcinoma with the
methylated and unmethylated hMLH1. (C) The pattern of
SNP at -93 nt of the hMLH1 promoter in 54 Chinese patients
with gastric carcinoma was the same as that in the control
patients: 51 % was A/G heteroalleles, 34 % and 15 % were
A/A and G/G homoalleles, respectively.
CONCLUSION: Biallelic inactivation of hMLH1 by epigenetic
silencing existed in human primary gastric carcinoma
homogeneously. Hypermethylation of hMLH1 may play a
role in the early stage of development of a few gastric
carcinomas. The SNP at -93 nt is not related to the
susceptibility of gastric carcinomas.
Deng DJ, Zhou J, Zhu BD, Ji JF, Harper JC, Powell SM. Silencingspecific methylation and single nucleotide polymorphism of
hMLH1 promoter in gastric carcinomas. World J Gastroenterol
2003; 9(1): 26-29
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INTRODUCTION
Hpermethylation of CpG islands in upstream is an epigenetic

mechanism of lost of functions of tumor suppressor genes,
DNA repair genes, etc [1-3]. The methylated hMLH1 was
observed in most of primary gastric carcinomas with the
microsatellite instability-H phenotype (MSI-H) [4-12]. Silencing
of hMLH1 by CpG methylation may play an important role in
the development of MSI-H tumors. However, the hMLH1methylated proportions in MSI-L and MSI-stable sporadic
gastric carcinoma varied greatly (0-75 %) in previous reports.
Nakajma et al. reported that hMLH1 methylation was detected
in 8 of 100 primary gastric carcinoma cases, but not detected
in their corresponding normal mucosa or in intestine
metaplastic mucosa[13]. Kang et al. reported a much higher rate
of hMLH1 methylation in gastric carcinoma (20.3 %), adenoma
(9.8 %), and intestine metaplastic mucosa (6.3 %)[14]. Different
results might result from applications of both different markers
used to classify MSI tumors, and different approaches or
primers used to detect methylation of CpG island of hMLH1.
It was reported recently that the methylation of CpGs in a small
C-region (-270 nt ~ -199 nt) of the hMLH1 promoter was
invariably correlated with the absence of gene expression[15-17].
Thus, it is of interest to further explore the silencing specific
methylation of the hMLH1 promoter in primary gastric
carcinomas. In the present study, we analyzed the silencing
specific hMLH1 methylation at -253 nt and -251 nt in the Cregion in primary gastric carcinoma and normal/gastritis control.
Deng et al. established a novel approach to detect CpG
methylation by denaturing high performance liquid
chromatography (DHPLC)[18,19], which was further developed
to quantify CpG methylation and SNP of CpG islands
simultaneously[20,21]. It was reported that there is a SNP at -93 nt
of the hMLH1 promoter[22]. In order to evaluate the possible role
of the SNP in the gastric carcinogenesis, the pattern of the SNP
in patients with gastric carcinoma was also compared with that
in control patients without malignant diseases using DHPLC.

MATERIALS AND METHODS
Gastric samples
60 primary gastric carcinomas and their corresponding normal
gastric mucosa were collected: 34 from the Beijing Institute
for Cancer Research (BICR) surgically (28 males and 6
females, 29-59 years old, average age: 47.7 years old), and 26
from the University of Virginia Health System (Uva) (18 males
and 8 females, 41-84 years old, the average age: 63.8 years
old). Three Uva xenografted human GC were obtained from
nude mice as described[23]. In addition, 56 biopsy samples of
gastric epithelial tissues were collected from normal/gastritis
patients at BICR (50 males and 4 female, 18-47 years old, the
average age: 29.7 years old). All samples were used in the
analysis of both methylation and SNP. Additional 18
corresponding normal gastric mucosal samples from BICR
(Chinese patients, 13 males and 5 females, 26-78 years old,
average age: 48.7 years old) with gastric carcinoma were used
in SNP analysis in order to have the same number of cases as
control. All clinical samples and histopathological information
for each case were obtained according to approved institutional
guidelines.
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Figure 1 Detection of hMLH1 methylation by BstUI-COBRA assay. PCR products and methylated ssPCR products (294 bp) were
digested into two small fragments (206 bp and 88 bp). Unmethylated ssPCR products were not digested by BstUI. T1, T2: primary
gastric carcinomas; N1, N2: corresponding normal gastric mucosal samples; X2: xenograft of primary gastric carcinomas (T2) with
hMLH1 methylation; NC1, NC2: negative control xenografts of primary gastric carcinomas without hMLH1 methylation; PC: PCR
products of the hMLH1 templates not treated by bisulfite

DNA extraction and bisulfite modification
Genomic DNA of tissue samples was isolated with QIAGen
DNA Purification Kits. Two mg genomic DNA was treated
with sodium bisulfite in order to convert the unmethylated C
to U (T in PCR products) as described[24].
Design of Primers and PCR Conditions
Primers were designed according to the specific region (-339
nt ~ -46 nt in relation to the translational start site) of CpG
islands of the sense strand of hMLH1 (GenBank accession
number U83845, gi: 2511457) as described[18, 20]. The strandspecific primers for the modified CpG islands included
hMLH1-mF (5’-gtatttttgtttttattggttggata-3’) and hMLH1-mR
(5’-aataccttcaaccaatcacctcaata-3’). Primers for the templates
without bisulfite-treatment included hMLH1-wF (5’gcatctctgctcctattggctggata-3’) and hMLH1-wR (5’agtgccttcagccaatcacctcagtg-3’). Hot-started touchdown PCR
(-1.0 per cycle, total 35 cycles) was used to amplify hMLH1
58 ), and the sense strand
without bisulfite-treatment (72
templates with bisulfite-treatment (ssPCR, 65
50
for
hMLH1)[18,20].
Detection of CpG methylation by combined bisulfite
restriction analysis (COBRA) and DHPLC
The specific region of the methylated CpG island contain a
BstUI restriction site (CGCG) that is converted to UGUG in
the unmethylated CpG island after bisulfite modification.
Hence the methylation of the bisulfite-modified hMLH1 could
be analyzed directly by BstUI-COBRA. In the confirmation
study, methylation status was detected further by DHPLC.
Basic mechanism to detect methylation by DHPLC is that the
retention time of the methylated PCR products is longer than
that of the unmethylated ones, because of higher denaturing
temperature of the methylated sequence resulted from higher
G+C content after bisulfite modification[20].
Analysis for SNP by DHPLC and sequencing
The SNP at -93 nt in the corresponding normal mucosal samples
and the gastric biopsies from the control patients was detected
by DHPLC and confirmed by sequencing as described [20].
Because all control normal/gastritis samples were collected from
Chinese patients, therefore only corresponding normal samples
from Chinese cases with gastric carcinomas hospitalized in
BICR were used in the SNP analysis.
RESULTS AND DISCUSSION
Silencing-specific methylation of hMLH1 promoter
One BstUI restriction site (CGCG) exists in the silencingspecific C-region of the CpG island that was invariably
correlated with the absence of gene expression[15]. This site
remains only in the methylated templates but not in the

unmethylated ones after bisulfite modification. Therefore,
BstUI-COBRA was used to detect the methylation of the
specific region[18]. If the template is methylated, its ssPCR
product (294 bp) is digested into a 206 bp and an 88 bp
fragments. If not methylated, not digested. The specific CpG
methylation of the hMLH1 promoter was observed in only 3.3 %
(2 of 60) of primary gastric carcinoma cases by this assay
(Figure 1-T1, T2). T1 sample was distal adenocarcinoma (modpoor differentiation) from BICR, and T2 was gastro-esoph
junction adenocarcinoma (poor differentiation) from UVa.
Such methylation was neither observed in all 60 corresponding
normal gastric mucosa (Figure 1-N1, N2) nor in 54 normal/
gastritis samples from the BICR control patients. The
unmethylated hMLH1 was detectable in all tested human
samples (Figure 1-T1, T2, N1, N2). The same result was
observed by DHPLC analysis (Figure 2-A, B).
The positive rate (3.3 %) of the specific CpG hypermethylation
of hMLH1 in the present study was lower than those reported
by others. Nakajima et al. reported that hMLH1 methylation
was observed in 8 of 100 primary gastric carcinomas (8 %) by
RsaI-COBRA (restriction site GTAC)[13]. Although the specific
C-region was also included in the ssPCR products in
Nakajima’s work, the RsaI restriction site GTAC is at -76 nt in
the D-region where the correlation between CpG methylation
and gene expression is not as well as the C-region[15]. Kang et
al. reported that hMLH1 methylation was detected in 20.3 %
of gastric carcinoma cases[14]. The possible reason for the higher
positive rate might result from detection of CpG methylation
in A-region of the hMLH1 promoter that are methylated
partially even in cells expressing hMLH1[15]. Another reason
was that they used a very sensitive assay, methylation-specific
PCR (MSP)[24], which would result in a positive result even if
0.1 % of testing cells were methylated. Detection of methylation
by BstUI-COBRA used in the present study reflects the exact
status of the hMLH1 methylation in the testing samples.
Therefore, the low methylation rate in the present study most
likely represents the true state of these gastric cancers.

Only the methylated hMLH1 was detectable in the xenograft
of primary gastric carcinoma
It was reported that bialleles of hMLH1 were inactivated by
CpG methylation in cell lines[25]. Unlike in cell lines, both the
methylated and unmethylated hMLH1 were observed in
primary gastric carcinomas (Figure 1-T1, T2). In order to
confirm that hMLH1 is methylated homogeneously in
malignant cells, we detected the status of hMLH1 methylation
in UVa xenografts originated from hMLH1-methylated and unmethylated primary gastric carcinomas by BstUI-COBRA.
No hMLH1 methylation was detected in two xenografts from
two hMLH1-unmethylated primary gastric carcinoma (Figure
1-NC1, NC2). Only methylated hMLH1 was observed in the
X2 xenograft from primary gastric carcinoma T2, in which
both the methylated and unmethylated hMLH1 were observed
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(Figure 1-X2, T2). This result was also confirmed by results
of DHPLC (Figure 2-B). These results suggested that bialleles
of hMLH1 was methylated homogeneously in all of the
malignant cells. The unmethylated hMLH1 in T2 should come
from normal cells such as fibrocytes, fibroblasts, and
lymphocytes comprising the primary carcinoma. To best of
our knowledge, this is the first report to describe the distribution
of methylation status of CpG islands in primary carcinoma.
Thus, all of the malignant cells in the primary gastric cancer
T2 appear originate from a single initiated cell with biallelic
aberrant methylation of the hMLH1 promoter. It is useful to
study whether certain extent of methylation in the specific Cregion of hMLH1 CpG island is detectable in precancerous
gastric lesions by sensitive assays such as MSP [24] and
Methylight[26]. Taken together, the hMLH1 methyaltion may
play an important role in the initiation stage of a few gastric
carcinomas. In addition to inactivation of hMLH1 by germline defects[27-32], silencing of hMLH1 by CpG methylation is
an alternative way to inactivate hMLH1.
Table 1 Pattern of the SNP at -93 nt of the hMLH1 promoter in
patients with and without gastric carcinoma
Patients

n

G/G

A/G

A/A

Without gastric carcinoma 56

9(16.1%)

29(51.8%)

18(32.1%)

With gastric carcinoma

54

8(14.9%)

27(50.0%)

19(35.2%)

110

17(15.5%)

56(50.9%)

37(33.6%)

Total

to evaluate the correlation of the SNP with risk of gastric cancer,
we compared the pattern of the SNP in 54 Chinese patients
with gastric carcinoma with that in 56 Chinese control patients
through DHPLC and sequencing. Similar percentages of
homoalleles (G/G and A/A) and heteroalleles (A/G) were
observed in samples from both groups (Table 1). The result
suggested that this SNP was not correlated with the risk of
gastric carcinoma. Similar result was observed in hereditary
nonpolyposis colorectal cancer (HNPCC) and non-HNPCC
populations[22].
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Abstract
AIM: To clone genes that may predispose us to human
gastric cancer and to analyze it’s expression in gastric tissues.
METHODS: Specimens of paired tumor, paratumor and
normal gastric mucosa tissues collected from fifteen patients
who suffered from stomach antrum adenocarcinoma were
used for analysis. Seven out of the fifteen cases were first
studied by fluorescent differential display reverse
transcription polymerase chain reaction (DDTR-PCR) analysis.
The differentially expressed bands of interest were cloned,
analyzed by Northern blot, sequencing and RT-PCR. Through
BLAST, the sequencing results were compared with GenBank
database for homology analysis. In situ hybridization with
DIG-labeled cRNA probes was used to analyze the expression
of interesting cDNA bands in paraffin embedded paired
normal gastric mucosa and cancer tissues isolated from 30
gastric adenocarcinoma patients.
RESULTS: DDRT-PCR showed that one of the interesting
cDNA bands, which was named W2, expressed much higher
in all seven tested tumor and paratumor samples than in
their normal counterparts, it was sub-cloned into a pGEM-T
Easy vector. Two subclones were subsequently obtained.
One of the subclone, GCRG224, was studied further. The
sequencing result showed that GCRG224 consisted of 1 159
base pairs and had one open reading frame (ORF). It located
at human chromosome 11q14. No homologue was found in
GenBank database with GCRG224-ORF. This nucleotide
sequence data were submitted to GenBank with accession
No. AF438406. RT-PCR showed that GCRG224 expressed
higher in 11/15 gastric cancer tissues than in non-tumor
tissues. However, the result of Northern blot analysis showed
a higher GCRG224 expression in the non-tumor tissue than
in the tumor one. Human multiple tissue Northern blot analysis
revealed that GCRG224 also expressed in human normal colon
tissue, and peripheral blood leukocyte. In situ hybridization
analysis showed that only 5/30 adenocarcinoma, 3/18
dysplasia and 6/18 intestinal metaplasia showed higher
GCRG224 expression level than the normal gastric glands.
However, GCRG224 was over-expressed predominantly in 26/
30 cases of normal mucosal epithelium.
CONCLUSION: A novel gene named GCRG224 was
identified from human gastric mucosal tissue. It

overexpressed in almost all gastric mucosal epithelium but
only a small portion of cancer and precancerous leisions.
The role of GCRG224 expression in gastric epithelium needs
further study.
Wang GS, Wang MW, Wu BY, You WD, Yang XY. A novel gene,
GCRG224, is differentially expressed in human gastric mucosa.
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INTRODUCTION
Gastric cancer is one of the most commonly diagnosed
malignancies and remains an important cause of mortality
world wide[1]. Considerable evidence supports the pivotal role
of genetic factors in the pathogenesis of gastric cancer[2-7].
However, the mechanism of the process of multistage
carcinogenesis is still unknown for gastric cancer. Abundant
clinical and histopathogical data suggest that most, if not all,
intestinal-type gastric cancer arise from precancerous leisions,
which indicated intestinal-type gastric cancer to be an excellent
model for studying the genetic alterations involved in the
development of human neoplasms. It would be desirable,
therefore, to screen directly from human intestinal-type gastric
cancer and its precursor leisions the differentially expressed
genes that are closely related to human gastric cancer.
In this study, differential display reverse transcription
polymerase chain reaction (DDRT-PCR) analysis was used to
identify and characterize differentially expressed genes in
human gastric cancer tissues in comparison with their
surrounding paratumor and nontumor counterparts. One novel
cDNA with a complete cds was identified. We designated this
gene as gastric cancer related gene 224 (GCRG224).
Expression of GCRG224 in gastric tissues was analyzed using
RT-PCR and In situ hybridization (ISH).
MATERIALS AND METHODS
Tissue acquisition
Fresh primary intestinal-type gastric adenocarcinoma,
paratumor tissue which is 1.0 cm away from the tumor mass
and their surrounding noncancerous stomach mucosal tissues
obtained from 15 patients (11 male, 4 female, with average
age 54±15 years) undergoing surgery were used for reverse
transcription polymerase chain reaction (RT-PCR) analysis. 7
cases (4 male, 3 female, with average age 51±18 years) out of
the 15 patients were used for differential display analyses.
Paraffin embedded gastric adenocarcinoma and their
corresponding normal gastric mucosal tissues obtained from
30 advanced gastric adenocarcinoma patients (21 male, 9
female, with average age 59±10 years) were used for ISH
analysis. All tissues were histologically confirmed by
pathologists.
RNA preparation and differential display
Total RNA was extracted from tissues using TRIzol reagent
(Life Technologies, Inc., Rockville, Maryland). The fluorescent
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DDRT-PCR procedure was performed essentially as described
previously[8]. The primers used in the assay included 4 T12MN
primers and 20 arbitrary oligonucleotide primers (ARP-1 to
ARP-20) (Genomyx Corporation, Foster City, CA).

Cloning and sequencing
The cDNA fragment of interest were subcloned into pGEM-T
Easy vector (Promega Corporation, Madison, WI) and
confirmed by EcoR I (Life Technologies, Bethesda, MD)
digestion according to the manufacturer’s instruction. Sequence
analysis was performed with CEQTM 2000 DNA sequencer
(Beckman Coulter, Fullerton, CA). The sequenced cDNA were
analyzed via the BLAST program for homology matches in
the GenBank database[9].
Northern blot analysis
Samples containing 20 µg of total nontumor and tumor RNAs
were fractionated on an 1.2 % agarose gel containing 5.5 %
formaldehyde and 1×MOPS and transferred to a nylon
membrane. Fix the RNA to the membrane by baking at 80
for 2 hours. Human multiple tissue Northern (MTN) blot II
membrane (Clontech Laboratories, Inc., Palo Alto, CA) was
used for analysis. Anti-sense cRNA probe labeled with
digoxigenin was generated from a digested cDNA insert using
Dig Northern Starter Kit (Roche Diagnostic Corporation,
Indianapolis, IN) by means of in vitro transcription. The
membrane was prehybridized and then hybridized according
to the manufacturer’s protocol. The results were detected using
chemiluminescent detection.
RT-PCR
First-strand cDNAs were synthesized by SuperscriptII Rnase
H- reverse transcriptase (Life Technologies, Bethesda, MD)
using oligo d(T) primers according to the protocal. PCR primers
were designed using Primer Premier software (Premier biosoft
international, Palo Alto, CA). The PCR primers used were:
forward primer: 5’AAGGGTCACCTCTGTTCAAAGTG3’,
reverse primer: 5’GCAGGGTTTATGGGCTCAATAG3’,
Product length: 929 bp. G3PDH was used as internal control.
Reactions were carried out in 10 µl solutions containing
100 ng cDNA, 0.2 µM of each primer, 50 µM of each dNTP,
and 0.5 U of AmpliTaq DNA polymerase (Life Technologies,
Bethesda, MD). The amplification conditions were (25 cycles):
1 min at 94 , 40 sec at 56 , 1 min at 72 .
In situ hybridization
Specimens were fixed in 10 % neutral buffered formalin and
embedded in paraffin wax. A series of 5 µm sections were cut
for analysis. The antisense cRNA probe was prepared according
to procedure described in Northern blot analysis section. ISH
was performed as described previously[10,11]. Negative control
(no probe applied) was performed. Slides were examined using
an Olympus microscope. Images were captured using a cooled
CCD camera (JVC, Japan). Cytoplasmic staining was noted.

M
2.0kb
1.5kb

N1 P1 T1
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Any appreciable blue staining was considered positive, and
graded as ± if very light blue were barely detectable, 1+ if
light blue staining were seen diffusely throughout the
cytoplasm, 2+ if easily seen fine staining were present
throughout the cytoplasm, and 3+ when dark blue were
observed. Generally, more than 100 cells (nontumor or tumor)
were quantified in each measurement and at least one
measurement was taken per slide. H&E slides were then
reviewed to determine diagnosis and to map the location of
the various histological patterns and correlate with the staining
patterns observed in the ISH preparations.

Informed consents
The study protocol was approved by the Institutional Review
Board of the hospital under the guidelines of the 1975
Declaration of Helsinki. Written informed consents were
obtained from patients.
RESULTS
Isolation of differentially expressed cDNA by DDRT-PCR in
gastric cancer
In order to run the assay efficiently, among 80 combinations
of primer pairs (4 T12MN primers vs 20 ARP primers), 4 pairs
able to amplify more bands in one set of paired tissues were
chosen and used to amplify cDNA from 7 sets of paired tissues.
One primer pair (T12GG vs ARP-3: 5’GACCATTGCA3’) was
found to amplify genes expressed differentially in 7 of 7 sets
of the paired tissues. As shown in Figure 1, in comparison
with results in the normal tissues, a cDNA fragment (arrowed)
was found to be more abundant in the tumor and paratumor
samples in all tested patients. The results of mRNA differential
display were reproducible. This differentially expressed cDNA
band was named as W2.
Sub-clone and sequence analysis
Two subclones, GCRG213 and GCRG224, were idnetified
from the subcloning procedure. GCRG213 consisted of 1 194
base pairs, while GCRG224 consisted of 1 159 base pairs and
had one open reading frame (ORF). The GCRG224-ORF
consists of 35 amino acids with an estimated molecular weight
of 3.8 kDa. BLAST analysis revealed that GCRG224
nucleotide sequence had 98 % homologue with Homo sapiens
clone RP11-718B12, but the deduced amino acid sequence of
GCRG224-ORF had no homology with any known peptide in
the GenBank database. GCRG224 nucleotide sequence data
was submitted to GenBank with accession No.AF438406.
Further bioinformatic study in the GenBank database showed
that GCRG224 is located at human chromosome 11q14.
RT-PCR and northern blot analysis
To confirm the expression pattern of GCRG224 in human
gastric cancer, we performed RT-PCR analyses in 15 cases of
paired gastric adenocarcinoma, paratumor and non-tumor

N2 P2 T2

N3 P3 T3

N4 P4 T4 N5 P5 T5

N6 P6 T6

N7 P7 T7

W2

1.0kb
0.9kb

Figure 1 Differential analysis of expressed genes among human gastric cancer, paratumor and normal stomach mucosal tissues by
means of fluorescent differential display. The differentially expressed cDNA fragment W2 (arrowed) showed higher expression in
tumor and paratumor tissues than that in normal ones. N: normal; P: paratumor; T: tumor; 1-7: patient number.
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tissues. GCRG224 expressed higher in 11/15 gastric cancer
tissues than non-tumor tissues. However, the result of Northern
blot analysis was contrary to that of DDRT-PCR, the non-tumor
tissue showed higher GCRG224 expression level than the
tumor did (Figure 2a). MTN results showed that GCRG224
also expressed in human normal colon tissues and peripheral
blood leukocyte (Figure 2b).
T
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alkaline phosphatase substrates, the expression appeared as
cytoplasmic staining (blue precipitates). (a): Mild expression
in tumor (left) and intestinal metaplasia glands (right) (200);
(b): Strong expression in gastric mucosal epithelium cells, while
the adjacent normal gastric glands showed little staining (200×).
Table 1 GCRG224 expression in different types of cells in gastric mucosa
gastric mucosal
epithelium

N

IM

DYS

adenocarcinoma

±

0

19

8

13

25

GCRG224

1+

4

11

4

2

0

β-actin

2+

15

0

6

3

4

3+

11

0

0

0

1

Total

30

30

18

18

30

GCRG224

β-actin

A

Gastric
glands

B

Figure 2 Northern blot analysis of GCRG224 expression in
(a) human gastric cancer T/N pairs. T: tumor, N: non-tumor.
(b) various adult human tissues. From left to right: spleen,
thymus, prostate, testis, ovary, small intestine, colon, peripheral blood leukocyte.

In situ hybridization
GCRG224 expression was analyzed at mRNA level. The
hybridization signal that appears as blue is restricted to the
cytoplasmic portion. All normal gastric glands showed ±-1+
staining. Only 5 out of 30 cases of adenocarcinoma had 2+
staining while the rest had ±staining. Of the 18 cases of
intestinal metaplasia (IM) and dysplasia found in the paratumor site, 6/18 IM and 3/18 dysplasia had 2+ staining,
respectively. Interestingly, in 26/30 cases the gastric mucosal
epithelial cells were stained 2+-3+ (Table 1, Figure 3).

A

B

Figure 3 ISH analysis of GCRG224-ORF mRNA in formaldehyde-fixed, paraffin-embedded gastric tissues with a
digoxigenin-labeled anti-sense probe, NBT/BCIP was used as

DISCUSSION
Advances in molecular biology have revealed a consistent set
of genetic alterations that may correspond to multi-step
stomach cancer development. Aberrant expression and
amplification of oncogenes such as c-met, c-myc, K-ras, cerbB-2[12-16], etc., inactivation of tumor suppressor genes such
as p53, p16, Rb, DCC, APC, PTEN[17-24], etc, DNA ploidy and
microsatellite instability[25-28], abnormal transcript of genes
related to metastasis like nm23, CD44, E-cadherin[29,30], etc.,
are reported common events in the steps of carcinogenesis.
Newly found cancer related genes such as COX-2, survivin,
metallothionein II and RUNX3, etc. were also expressed
abnormally in gastric cancer[31-38]. Recognition of genetic
factors had also improved the the treatment of cancer[39-41].
However, very little is currently known about genes that may
predispose us to gastric cancer. The primary aim of this study
was to identify genes that were closely related to human gastric
cancer by means of DDRT-PCR.
DDRT-PCR has been widely applied to identify cancerrelated genes[42-47], some of these genes look like to be of clinical
value. It might reflect the true patterns of genetic changes in
human gastric cancer if we identify gastric cancer-related genes
directly from human gastric tissues.
One of the defects when using tissues for DDRT-PCR
analysis is that some cDNA fragments amplified in the tumor
tissues may actually originate from normal cells present in the
tumor tissues, which may affect the results of the analyses. In
order to decrease the chance of error in this study, we used 7
sets of tumor, paratumor and non-tumor tissues for the assay,
displayed the results simultaneously and chose interesting
bands showing distinctive patterns in all sets of specimens.
One cDNA fragment which is up-regulated in gastric cancer
tissues was identified. However, two subclones were identified
from the subsequent subcloning procedure. Sequencing results
revealed that these two subclones contained nucleotides of
nearly the same size but of totally different sequences. This
should be the result of PCR amplification in which arbitrary
primers were used.
Because the deduced amino acid sequence of GCRG224ORF had no homology with any known peptide in the GenBank
database, further study was focused on this gene. The result of
RT-PCR analysis was consistent with that of DDRT-PCR, but
Northern blot analysis revealed an opposite result. Furthermore,
ISH analysis also failed to see a general higher expression of
GCRG224 in tumor cells. On the other hand, ISH showed an
extensively strong expression of GCRG224 in gastric mucosal
epithelial cells in almost all tested cases. This indicated
GCRG224 might come mainly from normal gastric epithelium
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other than tumor cells. Although the tissues applied for DDRTPCR, Northern blot and RT-PCR in this study were examined by
pathologists before their usage, they were actually a mixture of
different types of cells, the exact percentage of tumor and nontumor cells in each tissue could not be identified, this resulted in
the contradiction we faced. It would be better, therefore, to separate
different types of cells using techniques such as microdissection
in tissues like gastric mucosa prior to the analyses[48-51].
Correlations between prognoses and the expression of genes
such as p53, ras, myc, nm23, etc.were studied extensively in gastric
cancer[15-17, 52-57]. However, the results turned out to be controversial.
It is meaningful to find a biomarker that might predict the
diagnosis or prognosis of gastric cancer. The consistent overexpression of GCRG224 in all tested tumor tissues in the DDRTPCR and RT-PCR analyses prompted us to study further the
expression pattern of GCRG224 in gastric mucosal tissues using
ISH. However, GCRG224 did not show the expression pattern
in gastric cancer and its precancerous leisions as RT-PCR
revealed. Only around 20 percent tumor and precancerous
leisions showed GCRG224 over-expression comparing with
their normal gastric glands. Thus, GCRG224 may not serve as a
potential marker for the diagnosis of gastric cancer.
A significant finding in this study is the extensive staining
of GCRG224 in gastric epithelium. Up till now, the function
of gastric mucosal cells is believed to be a barrier of the stomach
as well as secretion of alkali and other ions such as Na+, K+
and Cl-. It will be of great interest to study the role of GCRG224
expression in gastric mucosal epithelium.
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Abstract
AIM: To detect the expression of PTEN encoding product
in normal mucosa, intestinal metaplasia (IM), dysplasia and
carcinoma of the stomach, and to investigate its clinical
implication in tumorigenesis and progression of gastric
carcinoma.
METHODS: Formalin-fixed paraffin embedded specimens from
184 cases of gastric carcinoma, their adjacent normal mucosa,
IM and dysplasia were evaluated for PTEN protein expression
by SABC immunohistochemistry. PTEN expression was
compared with tumor stage, lymph node metastasis, Lauren’s
and WHO’s histological classification of gastric carcinoma.
Expression of VEGF was also detected in 60 cases of gastric
carcinoma and its correlation with PTEN was concerned.
RESULTS: The positive rates of PTEN protein were 100 %
(102/102), 98.5 %(65/66), 66.7 % (4/6) and 47.8 %(88/184)
in normal mucosa, IM, dysplasia and carcinoma of the stomach,
respectively. The positive rates in dysplasia and carcinoma
were lower than in normal mucosa and IM (P<0.01).
Advanced gastric cancers expressed less frequent PTEN than
early gastric cancer (42.9 % vs 67.6 %, P<0.01). The positive
rate of PTEN protein was lower in gastric cancer with than
without lymph node metastasis (40.3 % vs 63.3 %, P<0.01).
PTEN was less expressed in diffuse-type than in intestinaltype gastric cancer (41.5 % vs 57.8 %,P<0.05). Signet ring
cell carcinoma showed the expression of PTEN at the lowest
level (25.0 %, 7/28); less than well and moderately
differentiated ones (P<0.01). Expression of PTEN was not
correlated with expression of VEGF (P>0.05).
CONCLUSION: Loss or reduced expression of PTEN protein
occures commonly in tumorigenesis and progression of gastric
carcinoma. It is suggested that PTEN can be an objective marker
for pathologically biological behaviors of gastric carcinoma.
Yang L, Kuang LG, Zheng HC, Li JY, Wu DY, Zhang SM, Xin Y.
PTEN encoding product: a marker for tumorigenesis and
progression of gastric carcinoma. World J Gastroenterol 2003;
9(1): 35-39
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INTRODUCTION
PTEN/MMAC1/TEP1 gene (phosphatase and tensin homology
deleted from chromosome ten/mutated in multiple advanced
cancer 1/TGF-β-regulated and epithelial cell enriched
phosphatase 1) was the firstly defined tumor suppressor which
product acted as phosphatase and shared extensive homology
with cytoskeletal protein, mapping to human chromosome
10 q2 3.3. PTEN en co ding pr od uct cou ld no t on ly
dephosphorylate the phoshatidylinositol-3, 4, 5-triphosphate
(PIP3), but also be involved in cytoskeletal reconstruction and
cellular mobility[1-6]. Recently, many studies showed there were
several putative mechanisms relating to tumor suppression as
follows: inhibiting cell invasion and metastasis by
dephosphorating focal adhesion kinase (FAK); inhibiting cell
apoptosis and increasing cell growth by dephosphorating PIP3;
restraining cell differentiation by inhibiting mitogen-activated
protein kinase (MAPK) signal pathway [7-9]. Mutation or
abnormal expression of PTEN protein occurred commonly in
multiple tumors and significantly correlates with tumorigenesis
and progression of different malignancies [10-20]. It was
reportedly suggested that deletion or mutation of PTEN could
enhance the expression of vascular epithelial growth factor
(VEGF) and stimulate the proliferation of microvessels in
tumor tissues, which in turn closely correlated with tumor
invasion and metastasis[21-28].
Gastric carcinoma was one of the commonest malignancies
in the world, and even the most frequent in China[29]. Although
the achievement of early diagnosis and treatment have somewhat
improved the patients’ outcome, gastric cancer still remains the
major killer among Chinese because the mechanisms of its
tumorigenesis and progression were unclear[30]. In this study,
we detected the expression of PTEN proteins in gastric cancer
and its adjacent noncancerous mucosa, compared PTEN protein
expression with its pathologically biological behaviors, and
discussed the relationship between the expression of PTEN
and VEGF in order to explore the role of PTEN gene product
in tumorigenesis and progression of gastric cancer, and to
provide scientific foundation for evaluating prognosis of gastric
carcinoma.
MATERIALS AND METHODS
Pathology
One hundred and eighty-four cases of surgically removed
specimens of gastric carcinoma were collected from Cancer
Institute, China Medical University. This study included 102
cases of adjacent normal mucosa, 63 cases of adjacent IM and
6 cases of adjacent dysplasia. According to clinical staging,
37 cases were early, and 147 cases advanced. According to
metastasis, 124 cases were accompanied with lymph node
metastasis, 6 with liver metastasis (4 of them with lymph node
metastasis) and 2 with ovary metastasis. All gastric specimens
were classified according to the Lauren’s and WHO’s
histological classification criteria.
Immunohistochemistry
All specimens were fixed in 4 % formaldehyde solution,
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embedded in paraffin and incised into 5 µm sections. The rabbit
anti-human polyclonal antibody against PTEN (ready to use)
and mouse anti-human monoclonal antibody against VEGF
(ready to use) were purchased from Maixim Biotech. SABC
complex kit was from Boster Biotech. For negative control,
sections were incubated with PBS (0.01 mol/L, pH7.4) instead
of the primary antibodies.

Evaluation of PTEN and VEGF expression
Clearly brown staining was restricted to cytoplasm, which was
considered as positive for PTEN or VEGF. Slides were scored
semi-quantitatively based on staining intensity and distribution.
Two pathologists assessed the positive rate according to the
percent of positive cells in all counted cells from 5 randomly
selected representative fields. The degree of staining was graded
in the light of proportion of positive cells as follows: negative
(-), positive rate <5 %; weakly positive (+); 5-25 %; moderately
positive (++): 25-50 %; strongly positive (+++~++++): >50 %.
Statistical analysis
Statistical evaluation was performed by chi-square test to
differentiate the rates between two groups. P-value less than
0.05 was considered as statistically significant. SPSS 10.0
software was employed to analyze all data.
RESULTS
PTEN was expressed in normal mucosa, intestinal metaplasia,
dysplasia and carcinoma of the stomach at the rate of 100 %(102/
102), 98.5 %(65/66), 66.7 %(4/6), 47.8 %(88/184), respectively.
Dysplasia and carcinoma expressed less frequent than normal
mucosa or intestinal metaplasia (P<0.01) (Table 1, Figure 1,2).
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Table 1 PTEN expression in normal mucosa, intestinal
metaplasia, dysplasia and carcinoma of the stomach
PTEN
n

“Normal” mucosa
Intestinal metaplasia
Dysplasia
Carcinoma

expression

+~++++

-

%

102

102

0

100.0

66

65

1

98.5

6

4

2

66.7a

184

88

96

47.8b

Compared with “normal” mucosa or intestinal metaplasia, P
<0.01 (modified χ2=18.729, 7.115); bCompared with “normal
mucosa or intestinal metaplasia, P<0.01 (χ2=80.106, 52.499)
a

Positive rate of PTEN in advanced gastric carcinoma (AGC)
was 42.9 %(63/147), lower than in early one (EGC)(67.6 %,
25/37) (P<0.01). In 124 cases with lymph node metastasis, 50
expressed PTEN protein (40.3 %), whose positive rate of PTEN
was higher than those without lymph node metastasis (63.3 %,
38/60) (P<0.01). 41.5 percent of 118 diffuse-type gastric cancers
expressed PTEN, less than that of intestinal-type ones (51.8 %,
37/64). Signet ring cell carcinoma expressed PTEN protein at
the lowest level (25.0 %, 7/28), more than well and moderately
differentiated adenocarcinoma (61.8 %, 21/34) (P<0.01).
None of the gastric normal mucosa showed expression of
VEGF, while 75.0 percent of gastric carcinoma expressed it (45/
60) (P<0.05) (Figure 3,4). The PTEN-positive cases expressed
VEGF at the rate of 78.1 %(25/32), whereas PTEN-negative
ones did it at the rate of 71.4 %(20/28). Both rates were not
significantly different by statistical analysis (P>0.05).

Figure 1 PTEN protein was restricted to cytoplasm. It was
moderately expressed in normal mucosa (below), while decreased in IM (left top) and dysplasia (right), (20×)

Figure 3 Mucinous adenocarcinoma of the stomach moderately expressed VEGF (20×)

Figure 2 Well differentiated papilary-tube adenocarcinoma
showedweakly positive expression of PTEN protein (40×)

Figure 4 SRC showed strongly positive expression of VEGF
protein (40×)
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Table 2 Relationship between expression of PTEN and the
biological behaviors of gastric carcinoma
PTEN expression
%

n
+~++++

-

Clinicopathological staging
Early

37

25

12

67.6

147

63

84

42.9a

+

124

50

74

40.3b

-

60

38

22

63.3

Advanced
Lymph node metastasis

Lauren’s classification
Intestinal type

64

37

27

57.8

Diffused type

118

49

96

41.5c

2

2

0

100.0

20

10

10

50.0

9

5

4

55.6

Mixed type
WHO’s histological classification
Papillary adenocarcinoama
Well-differentiaed adenocarcinoma
Moderated-differentiated adenocarcinoma

25

16

9

64.0

Poorly-differentiated adenocarcinoma

85

39

64

45.9

5

3

2

60.0

Signet ring-cell carcinoma(SRC)

Undifferentiated adenocarcinoma

28

7

21

25.0d

Mucinous adenocarcinoma

10

6

4

60.0

Carcinoid

1

1

0

-

Squamous cell carcinoma

1

1

0

-

Compared with early gastric carcinoma, P<0.01(χ2=26.504);
Compared with non-lymph node metastasis, P<0.01(χ2=8.580);
c
Compared with intestinal-type gastric carcinoma, P<0.05(χ2=4.416);
d
Compared with well and moderately differentiated gastric
carcinoma, P<0.01(χ2=8.380)
a

b

DISCUSSION
Deletion or down-regulation of tumor suppressing genes plays
an important role in the multiple steps of tumorigenesis and
progression of gastric carcinoma. Previous studies on the
relationship between alteration of tumor suppressor genes and
the development of gastric carcinoma focused on p53[31, 32],
p16[33], p27[34], p33 (ING1)[35], RB[36], DCC[37] etc. However,
few reports were involved in the newly discovered tumor
suppressing gene- PTEN in tumorigenesis and progression of
gastric carcinoma.
As a tumor-suppressing gene, PTEN makes great contribution
to cellular differentiation, reproduciton and apoptosis, as well
as cellular adhesion and mobility. Some studies showed downregulation of PTEN protein expression due to genetic changes
like mutation, loss of heterozygosity, hypermethylation in
gastric cancer, prostrate cancer and breast cancer[2,14,16,19,38]. Our
results showed that decreased expression of PTEN during the
courses of normal mucosa intestinal metaplasia dysplasia
carcinoma. Gastric dysplasia or carcinoma expressed less
PTEN than normal mucosa or intestinal metaplasia (P<0.01),
revealing that genetic changes of PTEN gene may play an
important role in malignant transition of epithelial cells of
gastric mucosa.
Low expression of PTEN gene product was involved in
clinicopathological stage and metastasis of stomach neoplasms.
We found that 42.9 percent of AGC expressed PTEN, less
than EGC (P<0.01). Positive rate of PTEN was lower in gastric
cancer with than without lymph node metastasis (40.3 % vs
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63.3 %, P<0.01). One of the six liver metastases showed
negative expression of PTEN in primary or liver metastasis,
while the other five cases with liver metastasis showed reduced
expression of PTEN protein. These results were similar to other
kinds of tumors[39-46]. It is suggested that deletion or reduced
expression of PTEN protein probably facilitate the metastatic
ability of gastric cancer cells. Hwang et al. found that PTEN
could enhance mobility and metastasis of tumor cells by
regulating matrix metalloproteinases (MMPs) and VEGF[47].
There was another report that PTEN dephosphorated FAK so
as to be involved in cellular adhesion[7]. Deletion or reduced
expression of PTEN could result in decreasing cellular adhesion,
increasing synthesis of MMPs and VEGF, which subsequently
contributed to invasion and angiogenesis of cancer cells. These
biological effects possibly underlay prelude of invasion and
metastasis of tumor. Our results revealed that reduced expression
of PTEN was implicated in progression of gastric cancer
probably by decreasing cellular adhesion, increasing cellular
mobility and angiogenesis and could act as an objective marker
to reflect the biological behaviors of gastric cancer.
In addition, signet ring cell carcinoma showed the lowest
expression of PTEN among histological classifications, less than
well and moderately differentiated adenocarcinoma (P<0.01),
suggesting that decreased expression of PTEN was closely
associated with carcinogenesis of signet ring cell carcinoma.
Diffuse-type cancer showed less expression of PTEN at the
rate of 41.5 % than intestinal-type one. (P<0.05). In this sense,
it supported that there were different tumorigenetic pathways
between diffuse and intestinal -type gastric carcinoma. Diffusetype gastric cancer, main part of which was signet ring cell
carcinoma, showed diffusely invasive growth pattern. It is
possible that down-regulation of PTEN could affect the function
of cellular skeleton, mobility and adhesion of cancer cells.
Some reports suggested that decreased expression of PTEN
encoding product could down-regulate PI3K/AKT pathway,
leading to increasing synthesis of VEGF induced by hypoxia
inducing factor-1 (HIF-1)[48-50]. Our study showed that 75.0
percent of gastric carcinomas expressed VEGF (45/60),
significantly more than normal mucosa (0/5) (P<0.05),
indicating that VEGF was up- regulated in gastric cancer. But
PTEN was down-regulated in gastric cancer. Both PTEN and
VEGF showed negative correlation, which was not statistically
significant (P>0.05). The relationship between expression of
both PTEN and VEGF in tumorigenesis and progression of
gastric cancer need proving by amplifying the sample.
In all, loss or reduced expression of PTEN protein occurred
commonly in gastric carcinogenesis. Altered expression of PTEN
contributed to progression of gastric cancer by increasing cell
adhesion, angiogenesis, cell mobility and so on. It was suggested
that PTEN could be a useful marker for pathologically biological
behaviors of gastric carcinoma. However, the role of PTEN gene
and its encoding protein in tumorigenesis and progression of
gastric cancer need further investigation.
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Abstract
AIM: To elucidate the relationship between lymph node
sinuses with blood and lymphatic metastasis of gastric cancer.
METHODS: Routine autopsy was carried out in the randomly
selected 102 patients (among them 100 patients died of
various diseases, and 2 patients died of non-diseased
reasons), their superficial lymph nodes locating in bilateral
necks (include supraclavicle), axilla, inguina, thorax, and
abdomen were sampled. Haematoxylin-Eosin staining was
performed on 10 % formalin-fixed and paraffin-embedded
lymph node tissue sections (5um). The histological patterns
of the lymph sinuses containing blood were observed under
light microscope. The expression of CD31, a marker for
endothelial cell, was detected both in blood and non-blood
containing lymph node sinuses with the method of
immunohistochemistry.
RESULTS: Among the 1322 lymph nodes sampled from
the autopsies of 100 diseased cases, lymph node sinuses
containing blood were found in 809 lymph nodes sampled
from 91 cases, but couldn’t be seen in the lymph nodes
sampled from the non-diseased cases. According to histology,
we divided the blood containing lymph node sinuses into
five categories: vascular-opening sinus, blood-deficient sinus,
erythrophago-sinus, blood-abundant sinus, vascularformative sinus. Immunohistochemical findings showed that
the expression of CD31 was strongly positive in vascularformative sinuses and some vascular-opening sinuses while
it was faint in blood-deficient sinuses, erythrophago-sinuses
and some vascular-opening sinuses. It was almost negative
in blood-abundant sinus and non-blood containing sinus.
CONCLUSION: In the state of disease, the phenomenon
of blood present in the lymph sinus is not uncommon. Blood
could possibly enter into the lymph sinuses through the
lymphaticovenous communications between the veins and
the sinuses in the node. Lymph circulation and the blood
circulation could communicate with each other in the lymph
node sinuses. The skipping and distal lymphatic metastasis
of gastric cancer may have some connection with the blood
containing lymph node sinuses.
Yin T, Ji XL, Shen MS. Relationship between lymph node sinuses
with blood and lymphatic metastasis of gastric cancer. World J
Gastroenterol 2003; 9(1): 40-43
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INTRODUCTION
It is well known that one of the most common behaviours of
lymphatic metastasis of gastric cancer is their great tendency
to produce skipping metastasis with the tumor emboli
traversing the proximal lymph nodes encountered on their route
or even bypassing them to form distant nodal metastasis
(mainly at left supraclavicle). Skipping metastasis is a pecular
kind of lymphatic metastasis. Until now, there have been few
reports of this condition and its pathogenesis has not yet been
clarified. Blood present in lymph node sinuses is a phenomenon
that haven’t been deeply researched too. In the routine lymph
node biopsy, erythrocytes in the lymph node sinuses could
occasionally be seen. In the early literature, vascular
transformation of lymph node sinus (VTS) and haemal lymph
node sinus (HLs) have been reported. Their common feature
is blood presenting in the lymph node sinus. Since lymph node
sinus is also the place where the metastatic malignant tumor is
located, we speculated there might be some inner relationships
between the two phenomena.The purpose of this study is to
find out the relationship between lymph node sinuses with
blood and lymphatic metastasis of gastric cancer.
MATERIALS AND METHODS
When routine autopsy was carried out in the randomly selected
102 patients died of different reasons, their superficial lymph
nodes locating in the bilateral necks (include supraclavicle),
axilla, inguina, thorax, and abdomen were sampled.
Haematoxylin-Eosin staining was performed on 10 % formalinfixed and paraffin-embedded 5 um lymph node tissue sections.
The histological patterns of the lymph node sinuses containing
blood were observed under light microscope. The expression
of CD31, a marker for endothelial cell, was detected both in
blood and non-blood containing lymph node sinuses by
immunohistochemistry.
RESULTS
Clinical findings
The randomly selected 102 cases included 62 males and 38
females whose ages ranged from 2 months to 90 years (mean
45.08 years, median 57 years). Among the 102 cases, 100
patients died of various diseases, and 2 died of non-diseased
reasons. The total number of the sampled lymph nodes was
1 362 (1 322 from the 100 patients died of various diseases and
40 from the 2 patients died of non-diseased reasons).
Light microscopic findings
Among the 1 322 lymph nodes sampled from the 100 autopsy
diseased cases, blood containing lymph node sinuses were
found in 809 lymph nodes sampled from 91 cases, whereas
such sinuses couldn’t be seen in the lymph nodes sampled from
the non-diseased cases. According to the histology, we divided
the blood containing lymph node sinuses into five categories:
vascular-opening sinus (in 338 lymph nodes from 68 cases),
blood-deficient sinus (in 291 lymph nodes from 69 cases),
erythrophago-sinus (in 344 lymph nodes from 69 cases), blood-
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abundant sinus (in 80 lymph nodes from 34 cases), and
vascular-formative sinus (in 364 lymph nodes from 82 cases).
In the vascular-opening sinus, venules and/or capillaries in the
cortex and medulla extended or opened directly in the lymph
node sinuses. Through the openning, blood could enter into
the sinus (Figure 1). Blood-deficient sinus was defined as a
small quantity of erythrocytes present in the lymph node sinuses
(Figure 2). When erythrocytes in the sinuses were phagocytosed,
erythrophago-sinus appeared. When the sinuses filled with blood,
we called it blood-abundant sinus (Figure 3). Vascular-formative
sinus was defined as vascular formation in the sinuses. We could
see short to long sinuous vascular slits or vascular channels with
round or oval contours lined by flat or plump endothelium. The
channels were either empty or filled with an amorphous lymphlike materials and some red cells, occasionally they were
markedly engorged with blood (Figure 4).
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Figure 4 Vascular-formative lymph node sinus HE×200

Immunohistochemical findings
Immunohistochemical findings showed that the expression of
CD31 was strongly positive in vascular-formative sinuses and
some vascular-opening sinuses while it was faint in blooddeficient sinuses, erythrophago-sinuses and some vascularopening sinuses. It was almost negative in blood-abundant
sinuses and non-blood containing sinuses.

Figure 1 Vascular-opening lymph node sinus HE×200

Figure 2 Blood-deficient lymph node sinus HE×400

Figure 3 Blood-abundant lymph node sinus HE×100

DISCUSSION
One of the most prominent features of the behaviour of
carcinomas is their great tendency to produce secondary
growths in regional lymph nodes. The early lymphatic
metastasis of cancers almost invariably appear in the lymph
nodes in the direction of normal lymph flow and the marginal
sinus is the place where the metastatic growths are initially
situated for the afferent lymphatics of lymph node enter the
marginal sinus[1-7]. As for the spread of the tumor to the lymph
nodes in the direction contrary to the normal lymph flow or
the lymph nodes far from the primary carcinomas, what is
called skipping metastasis, it has always been convinced to be
the consequence of the cancerous occlusion of the principal
lymphatics; the lymph flow is diverted or sometimes reversed,
into collateral channels passing to neighbouring unaffected
nodes. Skipping metastasis is a pecular kind of lymphatic
metastasis. It was mostly recognised in the metastasis of gastric
cancer to the supraclavicular lymph nodes which could be
found as the earliest clinical symptom[8-11]. There have been
some reports of this condition, but most were concerning with
how to detect the metastasic foci and the relationship with clinical
nodal stage[12,13]. Few mentioned the pathogenesis of skipping
metastasis. The presence of previously unknown lymphatic tracts
have been reported to explain the phenomenon[14]. The skipping
of intact lymph nodes can also be explained by anatomically
demonstrable intra- and perinodal short circuit connections.
Apart from this, preexisting lymph node changes (silicosis,
fibrosis) also play an important part[15].
Blood present in lymph node sinus is a phenomenon that
haven’t been deeply researched. How the blood entering the
sinus remains to be elucidated[16-29]. It’s well recognized that
there are two circulations in the lymph node, one is the
lymphatic circulation, the other is the blood circulation. They
could communicate via the high endothelial venules (HEV) in
the paracortex, but it is not certain whether there is some other
pathway for the communication in human lymph node. In 1961,
Pressman and Simon[24] devised experiments in dog to show
that there were some other lymphatic-venous communications
in lymph node. They inferred that the lymph node contained
numerous lymphaticovenous communications between the
lymph node sinuses and the veins. This claim has such far
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reaching implications that the work should be repeated both
in the dog and in other species. When it come to the human
lymph node, the studies of blood containing lymph node sinus
were concentrated on the vascular transformation of sinuses
(VTS) and Hemolymph nodes (HLs).The term VTS was first
coined by Haferkamp et al[16] in 1971 for a distinctive benign
vasoproliferative lesion of lymph node, which needed to be
distinguished from Kaposi’s sarcoma(KS); venous obstruction
was thought to be the underlying mechanism, but it was still
controversial[30,31]. VTS is characterized by conversion of nodal
sinuses into capillary-like channels, often accompanied by
fibrosis[21,32]. Hemolymph nodes (HLs) were another target for
the study of the communication between lymph circulation
and blood circulation in the lymph node sinuses. HLs are
unique lymph nodes, because their lymphatic sinuses contain
numerous erythrocytes. In 1969, Turner DR[25] reported that
blood entered the sinus through the communication between
venule and sinuses, but it is still controversial[26-29]. From the
above-mentioned phenomenons and the researches, we
hypothesized that the two circulations in the lymph node could
communicate in the lymph node sinus.
In this study, blood in the lymph node sinuses could be
found frequently in the lymph nodes sampled from the patients
died of disease. The histologic patterns of the changes were
not limited to HLs and VTS. According to the histologic
patterns, the blood containing lymph node sinuses were divided
into 5 categories. Vascular-opening sinus was characterized
by venules or capillaries stretching into the sinus with blood
in the vascular releasing into the lymph node sinuses (Figure1).
So that, it testified the existence of lymph-venule communication
in human lymph node sinuses. Through the vascular-opening
sinus, blood could enter the lymph node sinuses directly. This
finding was in accordance with Pressman and Simon[24]. Blood
deficient sinus was possibly formed in the early period of the
formation of sinuses containing blood, but the artifact factors
should be excluded (Figure 2). The erythrophago-sinus was
formed as a result of the phagocytosis of sinus-histocytes in
the sinus. The red cells entered into the sinus were recognised
as foreign bodies and engulfed by histocytes. When the pressure
in venule increased for the stasis, plenty of red cells could
rush into the sinus and the blood abundant sinus came into
being due to the communication between lymph node sinus
and venule (Figure 3). When the blood kept staying in the
sinuses, an exceptional sinus containing blood -vascular
formative sinus emerged. This kind of sinus was characterized
by vascular formation in the lymph node sinus (Figure 4).
In order to clarify the features of endothelial cells of the lymph
node sinus containing blood, monoclone antibody CD31 was used
to label the endothelial cells by immunohistochemistry[33-36]. The
expression of CD31 was different in the 5 blood contained
sinuses. It was strongly positive in vascular-formative sinus
and some vascular-opening sinus while it was weak in blooddeficient sinus, erythrophago-sinus and some vascular-opening
sinus. It was almost negative in blood-abundant sinus and nonblood containing sinus. According to the expression of CD31
in different lymph node sinuses, we could speculated that the
endothelial cells might experience the transformation from the
lymph node sinus endothelial cells to the vascular endothelial
cells. This course may have some connection with the blood
in the sinuses[37]. The Prompt recognition of the ultrastructure
and the mechanism of the phenomenon was needed.
Since lymph node sinus is the place where the metastatic
malignant tumor is located and we found in this study that in the
state of disease, there was the communication between lymph
and blood circulations in the sinus, we speculated there might be
some inner relationships between lymphatic skipping metastasis
of gastric cancer and blood containing lymph node sinuses.
Early clinical observations let to the impressions that
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carcinomas frequently spread and grew in the lymphatic
system, whereas tumors of mesenchymal origin spread more
frequently by way of the blood stream[38]. In fact, this division
is arbitrary because these two routes are actually interlinked
and inseperable. Cancer cells may invade the lymphatics
directly or gain access to them via blood vessels. Tumor cells
can readily pass from blood to lymphatic communication via
the interstitial spaces of lymph nodes and other tissues exist.
When tumor cells entered the local blood circulation and was
brought to the distant area, through the communications
between the lymph circulation and the blood circulation in
lymph node sinuses, they could enter the lymph node and stay
in the lymph node sinuses where the foci of skipping metastatic
tumors are formed. When the lymph circulation was obstructed,
through the communication, blood metastasis of tumor cell
could also be accelerated.
Although, lymph node sinus containing blood was only
found in the cases died of disease in our study, it was not certain
if this kind of lymph node could also be found in non-diseased
cases, because such cases were limited. An in-depth study in a
larger cohort of gastric cancer patients is needed to confirm
whether lymph node sinus containing blood is also very common
in such alived human lymph nodes, and their physiological and
pathological significance in the skipping metastasis.
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Abstract
AIM: To explore the inhibition of conjugated linoleic acid
isomers in different purity (75 % purity c9,t11-, 98 % purity
c9,t11- and 98 % purity t10,c12-CLA) on the formation of
forestomach neoplasm and cheopreventive mechanisms.
METHODS: Forestomach neoplasm model induced by B(a)
P in KunMing mice was established. The numbers of tumor
and diameter of each tumor in forestomach were counted;
the mice plasma malondialdehyde (MDA) were measured
by TBARS assay; TUNEL assay was used to analyze the
apoptosis in forestomach neoplasia and the expression of
MEK-1, ERK-1, MKP-1 protein in forestomach neoplasm were
studied by Western Blotting assay.
RESULTS: The incidence of neoplasm in B(a)P group, 75 %
purity c9, t11-CLA group, 98 % purity c9,t11-CLA group
and 98 % purity t10, c12-CLA group was 100 %, 75.0 %
(P>0.05), 69.2 % (P<0.05) and 53.8 % (P<0.05) respectively
and the effect of two CLA isomers in 98 % purity on
forestomach neoplasia was significant; CLA showed no
influence on the average tumor numbers in tumor-bearing
mouse, but significantly decreased the tumor size, the tumor
average diameter of mice in 75 % purity c9,t11-CLA group,
98 % purity c9,t11-CLA group and 98 % purity t10, c12-CLA
group was 0.157±0.047 cm, 0.127±0.038 cm and 0.128±
0.077 cm (P<0.05) and 0.216±0.088 cm in B(a)P group;
CLA could also significantly increase the apoptosis cell
numbers by 144.00±20.31, 153.75±23.25, 157.25±15.95
(P<0.05) in 75 % purity c9,t11-CLA group, 98 % purity c9,
t11-CLA group and 98 % purity t10,c12-CLA group (30.88±
3.72 in BP group); but there were no significant differences
between the effects of 75 % purity c9,t11-CLA and two
isomers in 98 % purity on tumor size and apoptotic cell
numbers; the plasma levels of MDA in were increased by
75 % purity c9,t11-CLA, 98 % purity c9,t11-CLA and 98 %
purity t10,c12-CLA. The 75 % purity c9,t11-CLA showed
stronger inhibition; CLA could also inhibit the expression of
ERK-1 protein and promote the expression of MKP-1 protein,
however no influence of CLA on MEK-1 protein was observed.
CONCLUSION: Two isomers in 98 % purity show stronger
inhibition on carcinogenesis. However, the inhibitory

mechanisms of CLA on carcinogenesis is complicated, which
may be due to the increased mice plasma MDA, the inducing
apoptosis in tumor tissues. And the effect of CLA on the
expression of ERK-1 and MKP-1 may be one of the
mechanisms of the inhibition of CLA on the tumor.
Chen BQ, Xue YB, Liu JR, Yang YM, Zheng YM, Wang XL, Liu
RH. Inhibition of conjugated linoleic acid on mouse forestomach
neoplasia induced by benzo(a)pyrene and chemopreventive
mechanisms. World J Gastroenterol 2003; 9(1): 44-49
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INTRODUCTION
Conjugated linoleic acid (CLA) refers to a group of dienoic
derivatives of linoleic acid that can be found in natural foods,
such as the milk fat and meat of ruminant animals[1-4]. CLA
can also be synthesized in the laboratory and is available
commercially as a dietary supplement and has shown to be
non-toxic[5]. In several animal experiments, supplementation
of feeding with CLA showed an anticarcinogenic effect against
chemical-induced cancers of the skin, forestomach, colon and
breast[6-9]. Moreover, of the individual isomers of CLA, c9,t11
isomer has been implicated as most active biologically because
it is the predominant isomer incorporated into the phospholipids
of cell membrane, however recent evidence showed the t10,
c12-CLA isomer might also exert biological activity[10]. To date,
the sample used for animal experiment or cell experiment is
the isomer mixture of conjugated linoliec acid which mainly
containing c9,t11-, t10,c12-, t9,t11-, t10,t12-CLA. Potent
anticarcinogenic effects have been attributed to a synthetic
mixture of CLA containing c9,t11- and t9,c11-CLA (43 %)
and t10,c12-CLA (45.3 %)[7,11-14]. For example, CLA used in
Ha’s report contained c9,t11-, t10,c12-, t9,t11-, t10,t12-CLA
which accounted for about 90 % of the material[7]; Hubbard
applied a mixture of CLA isomers with 32.5 % c9,t11-CLA
and 32.5 % t10,c12-CLA isomers making up 66 % to mammary
tumor metastasis[14], etc. In summary, there were few reports
assessing the effects of CLA monomer on the carcinogenesis
in animal model.
Now the effect of CLA on carcinogenesis had been
confirmed and there were evidences to support CLA action on
the every stage of cancer, including initiation[15,16], post-initiation
(promotion)[17,18], progression[19] and metastasis[14,20-22]. However
the mechanisms through which CLA inhibits tumorigenesis
are moot. Ha et al[7] suggested an antioxidant mechanism;
Schonberg reported that the biochemical mechanisms by which
CLA exerted its anticancer activity possibly including the
formation of cytotoxic lipid peroxidation products, but this
might not be sufficient to explain all the effects of these
naturally occurring isomers of CLA[23]; Ip’s data showed an
effect on growth and development of certain types of mammary
cells[24,25]; Reduced formation of carcinogen-DNA adducts had
been implicated[15,16]; Durgam’s work showed CLA inhibit
cancer by influences on the oestrogen response system[26];
Others suggested inhibition mechanisms of CLA including its
effects on eicosanoid metabolism[27-31], apoptosis[32,33], the gene
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expression such as stearoyl-CoA desaturase[34,35], PPRA[36-38],
cyclin A,B(1), D(1) cyclin-dependent kinases inhibitors and
(CDKI)(P16 and P21)[39] ect.
In our research group, we found that 75 % purity c9,t11CLA inhibit cancer incidence by 40 %; at the same time that
98 % purity c9,t11 and t10,c12-CLA showed stronger
inhibition on human gastric cancer (SGC-7901) and breast
cancer cells(MCF-7)[39-42]. Our study was designed to investigate
the inhibition effects of synthetically-prepared individual
isomer of CLA in different purity (75 % purity c9,t11-CLA,
98 % purity c9,t11-CLA and 98 % purity t10,c12-CLA) on the
forestomach neolpasia induced by B(a)P and the mechanism
whereby CLA acted as an anticarcinogen, especially in terms
of lipid peroxidation, apoptosis and MAPKs pathway.
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apoptotic tissue sections, incubated the tissue section with the
TUNEL reaction mixture containing TdT and fluoresceindUTP, detected the incorporated fluorescein with an antifluorescein antibody POD conjugate and at last visualized the
immunocomplex with a substrate reaction were in light
microscope. The apoptosis cell number was counted in 103 cells.

MATERIALS AND METHODS
Material
BP was purchased from Fluka Chemie AG of Switzerland.
Salad oil was purchased from a local grocery. 75 % purity c9,
t11-CLA, 98 % purity c9,t11-CLA and 98 % purity t10,c12CLA were provided by Dr. Ruihai Liu at Cornell University.

Protein extract and western blotting
Three mice forestomaches in each group were homogenated
and lysed in RIPA buffer (150 mM NaCl, 0.1 % NP40, 0.5 %
deoxycholic acid, 0.1 % SDS, 50 mM Tris, pH 7.4 ) with
protease inhibitor, leupeptin and aprotinin. Equal amounts of
protein (80 µg/lane) were resolved by SDS-polyacrylamide
gel electrophoresis, transferred onto nitrocellulose membranes,
and immunobloted with an mouse anti-MEK-1, rabbit antiERK-1 and rabbit anti-MKP-1 antibody, then incubated with
horseradish peroxidase secondary antibodies. Immunoreactive
bands were detected using DAB (diaminobenzidine
tetrahydrochloride) substrate and analyzed with a
ChemiImagerTM 4 000 Low Light Imaging System (Alpha
Innotech Corporation, at the same time used GAPDH as housekeeping protein.

Treatment of mice (43)
KunMing mice, 6 to 7 wk of age, were purchased from Cancer
Research Institute of HarBin Medical University in China. Two
weeks later the animals were randomized by body weight and
divided into 7 groups (15 mice/group). They were then
subjected to a forestomach tumorigenesis as follows: each
animal except animals in salad control group was given 0.2 ml
salad oil solution per 20 mg body weight (1 mg BP in 0.2 ml
of salad oil solution) by gavage and animals in salad control
group were given 0.2 ml salad oil only twice every week for
over after 4 wk. And the following diets were given after 2
weeks of giving BP and continue for 7 wk (Table 1). Beginning
with the first intubation and continuing thereafter, the body
weight and food intake were recorded twice weekly. All
surviving mice were sacrificed 26 wk after the first dose of BP.

RESULTS
Establishment of mouse forestomach model
Figure 1(A) showed the normal forestomach with smooth surface
and without tumor. However, the white-yellow cauliflower-like
neoplasia in different size appeared in the forestomach of mice
induced B(a)P(Figure 1B,C). The structure of mouse forestomach
in Figure 2(A) was normal and squamous epithelial cells and
glandular epithelium cells were in order; The pathological analysis
of B(a)P-induced forestomach neoplasia showed atypical
hyperplasia in Figure 2(B) with stratified squamous epithelium
excessively cornified, with focal proliferative basal cells and
hypertrophic echinocyte; The basal cells, proliferating actively
and out of order, grew through basement membrane and developed
carcinoma in situ (Figure 2C).

Table 1 The diets given after 2 wk of giving BP
Group

diets

Salad oil Control(A)

Standard diet+salad oil: fat(salad oil) concentration was 20 %

BP Control(B)

Standard diet+salad oil: fat(salad oil) concentration was 20 %

BP+75 % c9,t11-CLA(C)

Standard diet+salad oil+75 %c9,t11-CLA:
Fat (salad oil) concentration was 20 %, CLA 0.8 %

BP+98 % c9,t11-CLA(D)

Standard diet+salad oil+98 % c9,t11-CLA:
Fat (salad oil) concentration was 20%, CLA 0.5 %

BP+98 %t10,c12-CLA(E)

Standard diet+salad oil+98 %t10,c12-CLA:
Fat (salad oil) concentration was 20 %, CLA 0.5 %

Gross pathology and histopathology
At termination of the study, the forestomach was removed.
Tumor numbers and size were recorded, and then fixed in 10 %
formalin and paraffin-embedded; 4 µm sections were cut and
stained with hematoxylin and eosin (HE).

Effect of CLA on forestomach neoplasia
The effect of CLA on BP-induced neoplasia of the forestomach
in female KunMing mice was shown in Table 2. The incidence
of the tumor and average diameter of tumor in 98 % purity c9,
t11-CLA group and 98 % purity t10,c12-CLA group were
significantly lower than that in B(a)P group (P<0.05). 75 %
Purity c9,t11-CLA only decreased the tumor incidence which
was no significant (P>0.05), but its influence on the average
diameter being significant (P<0.05). The average tumor
number of each tumor-bearing mouse showed no statistical
significance (P>0.05).
Table 2 Inhibition of BP-induced forestomach neoplasia in
female KunMing mice by CLA
Group

Lipid peroxidation analysis
The TBARS test was used to measure malonaldehyde (MDA).
The mouse plasma MDA levels was determined by TBARs
kits (Jiancheng Biotechnology Institute, NanJing, P.R. China).
Mearsurement of apoptosis cell numbers in forestomach
neoplasm
In situ Cell Death Detection Kit, Fluorescein, were purchased
from Boehringer Mannheim. Briefly, Fixed and permeabilized

No. of mice
Total
Tumor
Tumors/
(No. of tumor number incidence
tumor-bearing mice) of tumors
(%)
bearing moused
/treatment

Diameter/
tumor
(CM)

A

14(0)

0

0

0

0

B

12(12)

31

100

2.58±0.90

0.216±0.088

C

12(9)

23

75.0a

2.56±0.73

0.157±0.047e

D

13(9)

22

69.2

bc

2.44±0.53

0.127±0.038e

E

13(7)

21

53.8

bc

3.00±0.58

0.128±0.077e

P>0.05 compared to the group B; bP<0.05 compared to the group B;
P>0.05 compared to the group C; dP>0.05, eP<0.05 compared to the
group B
a

c
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2A
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2C

3A

3B

3C

Figure 1 The establishment of mouse neoplasia model induced by B(a)P. (A): normal forestomach; (B, C): forestomach neoplasia.
Figure 2 The pathological analysis of mouse forestomach. (A): normal forestomach×10; (B): Atypical hyperplasia×10; (C): Carcinoma in situ×4.
Figure 3 Apoptosis induced by CLA in mice forestomach. (A or B): there were few apoptotic cells in group A and B; (C): the
apoptosis induced by CLA. Arrow showed apoptotic cells×40.

Analysis on lipid peroxidation
The plasma levels of MDA measured by the TBARS assay
increased in mice treated by 75 % purity c9,t11-CLA, 98 %
purity c9,t11-CLA and 98 % purity t10,c12-CLA (P<0.05).
Moreover, 75 % purity c9,t11-CLA were more effective than
purity 98 % c9,t11-CLA and 98 % purity t10,c12-CLA.
Table 3 The effects of CLA on mouse plasma lipid peroxidation

The effect of CLA on apoptosis in forestomach neoplasia
Figure 3 showed the apoptosis in forestomach neoplasia. Table
4 showed that 75 % c9,t11-CLA, purity 98 % c9,t11-CLA and
98 % purity t10,c12-CLA can significantly induce apoptosis
but with no statistical difference (P<0.05).
Table 4 The effects of CLA on apoptosis in mice stomach(103 cells)
Group

Group

A

42.63±6.02

A

9.995±1.634

B

30.88±3.72

B

9.937±1.854

C

144.00±20.31a

C

17.668±4.610ab

D

153.75±23.25a

D

14.005±4.116a

E

157.25±15.95a

E

13.303±3.593a

P<0.05 compared to the group A, B; bP<0.05 compared to the
group D, E.
a

Apoptotic cell numbers

MDA in plasma(nmol/L)

a

P<0.01 compared to the group A, B.

The effect of CLA on the MAPKs pathway
Figure 4, 5, 6 showed that 98 % purity t10,c12-CLA decreased

Chen BQ et al. Conjugated linoleic acid on mouse forestomach neoplasia induced by benzo(a)pyrene

the expression of MEK-1 protein, but no influence was observed
in mice treated by 75 % purity c9,t11-CLA and 98 % c9,t11CLA. The expression of ERK-1 protein in 75 % purity c9,t11CLA group, 98 % purity c9,t11-CLA group and 98 % purity
t10,c12-CLA group was inhibited significantly, and 98 % purity
c9,t11-CLA and 98 % purity t10,c12-CLA showed more
effective than 75 % purity c9,t11-CLA. The expression of
MKP-1 was increased in mice treated by 75 % purity c9,t11CLA, 98 % purity c9,t11-CLA and 98 % purity t10,c12-CLA.
E

D

C

B

A
43kD

GAPDH

Figure 4 The effect of CLA on the expression of MEK-1 protein.
A

B

C

D

E

43kD

GAPDH

Figure 5 The effect of CLA on the expression of ERK-1 protein.
A

B

C

D

E

43kD

GAPDH

Figure 6 The effect of CLA on the expression of MKP-1 protein.

DISCUSSION
To date, all of the in vivo work with CLA has been done with
a commercial free fatty acid preparation containing a mixture
of c9,t11-, t10,c12-, c11, t13-isomers, although food CLA is
predominatly the c9,t11-isomer present in triacylglycerols (8090 %). Ha et al reported that dietary mixture of c9,t11-CLA,
t10,c12-CLA, t9,t11-CLA and t10,t12-CLA significantly
decreased the incidence of mouse neoplasm induced B(a)P
(up to 20 %)[7]. In DMBA-induced mammary adenocarcinoma
model, the incidence in mice treated with dietary 0.05 %, 0.1 %,
0.25 %, 0.5 % CLA isomer mixture was 58 %, 42 %, 34 %,
36 %, respectively (that of the control was 56 %)[9]. In this
study, we found that the incidence in mice fed with diet
containing 75 % purity c9,t11-CLA(75 %), 98 % purity c9,
t11-CLA(69.2 %), 98 % purity t10,c12-CLA(53.8 %) had been
decreased, moreover, 98 % purity isomers showed significant
influences in the inhibition of carcinogenesis; although 75 %
purity c9,t11-CLA decreased tumor incidence with no statistical
significance, it still significantly decreased the tumor size; all
of which suggested that the effect of CLA on carcinogenesis
was possibly related to the CLA purity. In addition, the different
isomers of CLA in different purities decreased the average
diameter of the tumors, but no influence was observed in
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average tumor numbers of each tumor-bearing mouse, which
might be one of characteristics of the inhibition of food
components on carcinogenesis.
Lu reported that arachidonic acid and linoleic acid may
promote HSC proliferation, but increased concentration can
be cytotoxic to HSC[44]. As one of the positional and structural
isomer of linoleic acid, more interests in conjugated linoleic
acid promoting oxidation in cancer cells were paid upon. The
study results in Stanton’s group showed that CLA could make
breast cancer cell more susceptible to lipid peroxidation,
moreover, the extent of lipid peroxidation of CLA treated cells
was related to CLA-induced cytotoxicity against cancer cell
lines. At the same time, they found that milk fat triglyceridebound CLA, consisting primarily of the c9,t11 isomer, was
also cytotoxic towards MCF-7 cells[45-47]. In our study, 75 %
purity c9,t11-CLA, 98 % purity c9,t11-CLA and 98 % purity
t10,c12-CLA increased the levels of MDA in mouse plasma
and 75 % purity c9,t11-CLA was most effective, but 75 %
purity c9,t11-CLA did not show strongest inhibition of
carcinogenesis, which suggested that the cytotoxic effect of
lipid peroxidation to tumor cells might be one of mechanisms by
which CLA exerted its biochemical activity. And Schönberg also
reported that the formation of MDA induced by 40 µmol·L-1
CLA in lung adenocarcinoma cell lines was completely
abolished by 30 microM vitamin E, but the growth rates were
only partially restored, which indicated that cytotoxic lipid
peroxidation products were only in part responsible for the
growth inhibitory effects of CLA[24]. Furthermore, the lipid
peroxidation product induced played important role in
apoptosis[48]. We found that purity 75 % c9,t11-CLA, purity
98 % c9,t11-CLA and 98 % purity t10,c12-CLA induced
significant apoptosis cells in forestomach neoplasia, but there
were no differences between 75 % purity c9,t11-CLA group,
98 % purity c9,t11-CLA and 98 % purity t10,c12-CLA groups.
The MAPK family consists of at least three different
subgroups which include: ERKs, JNKs (SAPKs), and p38
MAPK kinase[49-53]. The Ras-Raf-MEK1/2-ERK1/2 pathway
has been explained more clearly. Lavoie found that the
transcription of cyclin D1 requires the long-term activation of
ERK, which suggests that ERK can regulate cell cycle. In one
report, there is a homeostasis between JNK/SAPKs and ERK
systems: when ERK cascade is predominant in lymphocyte,
cells will proliferate; by contraries, JNK/SAPK cascade will
activate cell apoptosis[54]. It is found that the abnormalities of
Ras/Raf/MAPK cascade reaction may contribute to malignant
transformation of hepatocytes and activation of MAPK proteins
may be an early event in hepatocellular carcinogenesis[55]. In
summary, The activation of Ras-Raf-MEK-ERK can promote
cell proliferation and inhibit cell apoptosis. In addition, The
product of the immediate early gene MAP kinase phosphatase
(MKP-1), is able to dephosphorylate phosphoserine/threonine
as well as phosphotyrosine residues, and shows selectivity for
ERKs 1 and 2 in vitro, with lower activity toward other MAP
kinases such as JNK and P38 MAP kinase [56] . MKP-1
inactivates ERK following growth factor stimulation in intact
cells and also suppresses signaling downstream of ERK at the
level of gene transcription and proliferation[57], most likely
through its inhibitory effects on MAP kinase. In our study, we
found that CLA could inhibit the expression of ERK-1 protein,
and at the same time inactivate the ERK-1 by increasing the
expression of MKP-1, which might be one of mechanisms of
CLA anticarcinogen.
In summary, it is confirmed that CLA shows inhibition on
forestomach neoplasia induced by B(a)P, which is possibly
related with CLA purity. Although the inhibition of different
isomers (c9,t11- and t10,c12-CLA) on carcinogenesis is
different, they show no significant difference. Moreover, the
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inhibition mechanism of CLA is complicated and difficult to
be explained by an mechanism.
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Abstract
In the past few years, a variety of extradigestive disorders,
including cardiovascular, skin, rheumatic and liver diseases,
have been associated with Helicobacter pylori (H. pylori)
infection. The activation of inflammatory mediators by H. pylori
seems to be the pathogenetic mechanism underlying the
observed associations. The present review summarizes the
current literature, including our own studies, concerning the
association between H. pylori infection and respiratory diseases.
A small number of epidemiological and serologic, casecontrol studies suggest that H. pylori infection may be
associated with the development of chronic bronchitis. A
frequent coexistence of pulmonary tuberculosis and H. pylori
infection has also been found. Moreover, recent studies have
shown an increased H. pylori seroprevalence in patients with
bronchiectasis and in those with lung cancer. On the other
hand, bronchial asthma seems not to be related with H. pylori
infection.
All associations between H. pylori infection and respiratory
diseases are primarily based on case-control studies,
concerning relatively small numbers of patients. Moreover,
there is a lack of studies focused on the pathogenetic link
between respiratory diseases and H. pylori infection.
Therefore, we believe that larger studies should be
undertaken to confirm the observed results and to clarify
the underlying pathogenetic mechanisms.
Roussos A, Philippou N, Gourgoulianis KI. Helicobacter pylori
infection and respiratory diseases: a review.World J Gastroenterol
2003; 9(1): 5-8
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INTRODUCTION
Helicobacter pylori (H. pylori) is a slow-growing, microaerophilic,
gram-negative bacterium, whose most striking biochemical
characteristic is the abundant production of urease. This bacterium
colonizes gastric mucosa and elicits both inflammatory and
immune lifelong responses, with release of various bacterial
and host-dependent cytotoxic substances [1]. Pathological
studies and extensive clinical trials, carried out in the past few
years, have proved the causative role of H. pylori in the
development of chronic gastritis[2] and peptic ulcer disease[3].
It seems that this bacterium is also causally related to low-grade
B-cell lymphoma of gastric mucosa-associated-lymphoid-tissue
(MALT-lymphoma)[4]. Moreover, H. pylori infection has been
established as a risk factor for the development of both diffuse
and intestinal types of gastric cancer[5].
Recent studies suggest an epidemiological association

between H. pylori infection and several extragastroduodenal
pathologies, including cardiovascular, skin, rheumatic and liver
diseases (Table 1)[6,7]. Unfortunately, such epidemiological
studies are influenced by a wide variety of confounding factors,
i.e. socioeconomic status, time of acquisition of the infection,
presence of different bacterial strains and previous antibiotic
therapy. However, according to many authors, the observed
associations might be true and explained by a role of H. pylori
infection in the pathogenesis of certain extradigestive disorders.
It is well known that H. pylori colonization of the gastric
mucosa stimulates the release of various proinflammatory
substances, such as cytokines, eicosanoids and proteins of the
acute phase[8]. Moreover, a cross mimicry between bacterial
and host antigens exists in H. pylori infected patients [9].
Therefore, a pathogenetic link between H. pylori infection and
diseases characterized by activation of inflammatory mediators
and/or induction of autoimmunity might exist.
Chronic inflammation and increased immune response
have been observed in a variety of respiratory diseases,
including chronic bronchitis [10,11] and bronchiectasis [12].
Moreover, both chronic obstructive pulmonary disease[13,14] and
pulmonary tuberculosis[15] are more prevalent in peptic ulcer
patients than in the general population. Based on these facts,
many recent studies have focused on the potential association
between H. pylori infection and various respiratory disorders.
Table 2 summarizes those respiratory diseases whose relation
with H. pylori infection has been studied in the literature.
The aim of the present report is to provide a critical review of
the current literature, including our own studies, as regards the
association between H. pylori infection and respiratory diseases.
Table 1[6,7] Extradigestive diseases associated with H. pylori
infection
Vascular diseases
Ischaemic heart disease
Primary Raynaud’s phenomenon
Primary headache
Skin diseases
Idiopathic chronic urticaria
Rosacea
Alopecia areata
Autoimmune diseases
Sjogren’s syndrome
Autoimmune thyroiditis
Autoimmune thrombocytopenia
Schoenlein-Henoch purpura
Other diseases
Liver cirrhosis
Growth retardation
Chronic idiopathic sideropenia
Sudden infant death
Diabetes mellitus
Table 2 Respiratory diseases studied for a relatioship with
H. pylori infection
Chronic bronchitis
Pulmonary tuberculosis
Bronchiectasis
Lung cancer
Bronchial asthma
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HELICOBACTER PYLORI INFECTION AND CHRONIC
BRONCHITIS
Chronic bronchitis is a pulmonary disease characterized by,
primarily irreversible, airflow obstruction due to the chronic
inflammation of the small airways. The presence of airflow
obstruction that is not fully reversible is confirmed by
spirometry (postbronchodilator FEV1<80 % of the predicted
value, in combination with an FEV1/FVC<70 %). Although
its true prevalence remains unknown, it is estimated that
approximately 12.5 million persons in the United States suffer
from chronic bronchitis[16].
Chronic bronchitis had been associated with gastroduodenal
ulcer many years before the identification of H. pylori infection
as a cause of peptic ulcer disease. Three epidemiological
studies, carried out between 1968 and 1986, showed that the
prevalence of chronic bronchitis in peptic ulcer patients was
increased two-to-three fold compared with that in ulcer-free
controls[13,14,17]. Moreover, a follow-up study demonstrated that
chronic bronchitis was a major cause of death among patients
with peptic ulcer disease[18].
The reported association between these two diseases was
originally attributed to the known role of cigarette smoking as
an independent factor in both ulcerogenesis and development
of chronic bronchitis. However, in 1998, Gaseli and colleagues
carried out a prospective pilot study in a sample of 60 Italian
patients with chronic bronchitis and found an increased
seroprevalence of H. pylori infection compared to that detected
in 69 healthy controls (81.6 % versus 57.9 % respectively,
P=0.008). In this study, the odds ratio for chronic bronchitis
in the presence of H. pylori infection, calculated after
adjustment for age and social status, was 3.4[19]. These results
suggested, for the first time, that H. pylori infection per se
might be related to an increased risk of developing chronic
bronchitis. Two years later, a large epidemiological study in
3608 Danish adults showed that chronic bronchitis might be
more prevalent in H. pylori IgG seropositive women than in
uninfected ones (odds ratio 1.6, with a 95 % confidence interval
of 1.1-2.5)[20]. In order to further investigate the reported
association between H. pylori infection and chronic bronchitis,
we recently performed a case-control study in a cohort of 144
Greek patients with chronic bronchitis and 120 control
subjects. Our results were in accordance with those of Gaselli
and associates, as we also found that H. pylori seropositivity in
patients was significantly higher than that in controls (83.3 %
vs 60 %, P=0.007)[21].
The mechanisms underlying the suggested association
between H. pylori infection and chronic bronchitis remain
unclear. This association might reflect either susceptibility
induced by common factors or a kind of causal relationship
between these two conditions. It is well known that age, sex
and socioeconomic status are related with both H. pylori
infection [1] and risk of developing chronic bronchitis [16].
However, in all mentioned studies above patients with chronic
bronchitis were well matched with control subjects for these
parameters. Tobacco use could be another confounding factor.
Cigarette smoking is the major cause of chronic bronchitis[16].
On the other hand, data on the relation between H. pylori
infection and smoking habits are controversial. The prevalence
of H. pylori infection in smokers has been variously reported
as low[22], normal[23], and high [24]. As the relation between
smoking and H. pylori infection has not been clarified yet, the
possible impact of cigarette smoking on both chronic bronchitis
and H. pylori infection should be regarded as a potential
limitation of the reviewed studies.
Unfortunately, there are no studies in the literature focused
on the potential aetio-pathogenetic role of H. pylori infection in
chronic bronchitis. Some authors hypothesized that the chronic
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activation of inflammatory mediators induced by H. pylori
infection might lead to the development of a non-specific
inflammatory process, such as chronic bronchitis[19,21]. It is well
known that H. pylori and particularly those strains bearing the
cytotoxin associated gene-A (cagA positive strains), stimulates
the release of a variety of proinflammatory cytokines, including
interleukin-1 (IL-1), IL-8 and tumour necrosis factor-alpha[25,26].
The eradication of H. pylori leads to normalization of serum
cytokines levels[27]. Recent studies showed that the same
cytokines might be released during the course and exacerbations
of chronic bronchitis[10,11,28]. The underlying mechanisms, which
induce and control this inflammatory process in chronic
bronchitis, are still unclear. Therefore, we could hypothesize
that H. pylori infection might play a proinflammatory role and
co-trigger chronic bronchitis with other more specific
environmental, genetic and unknown yet factors.
In conclusion, the primary evidence for an association
between H. pylori infection and chronic bronchitis rests on
serologic, case-control studies. Studies estimating the relative
risk of developing chronic bronchitis for H. pylori infected
patients and the effect of H. pylori eradication on the natural
history of chronic bronchitis should be undertaken. The
pathogenetic mechanisms underlying this association need also
further evaluation. Future studies concerning this aspect should
be focused on the prevalence of cagA positive Helicobacter
strains and their induced proinflammatory markers, in patients
with chronic bronchitis.

HELICOBACTER PYLORI INFECTION AND PULMONARY
TUBERCULOSIS
Tuberculosis (TB) is a chronic bacterial infection caused by
Mycobacterium tuberculosis and characterized by the
formation of granulomas in infected tissues and by cellmediated hypersensitivity. The lungs are primarily infected.
However, any other organ may be involved. Although there is
a lack of epidemiological evidence concerning the worldwide
prevalence of TB, it has been estimated that one third of the
world population is infected with Mycobacterium tuberculosis
and there are ten million new cases of active TB each year.
The vast majority of them occur in the developing countries,
where TB remains a common health problem[29].
In 1992, Mitchell et al carried out a large cross-sectional
study concerning the H. pylori epidemiology in a southern
China population. They found that a history of pulmonary TB
might be associated with an increased prevalence of H. pylori
infection [30]. More recently, Woeltje et al assessed the
prevalence of tuberculin skin test (TST) positivity in a cohort
of 346 newly hospitalized patients. A history of peptic ulcer
disease was one of the identified risk factors for a positive
TST test (odds ratio: 4.53, P=0.017)[31]. In order to further
investigate the possible association between pulmonary TB
and H. pylori infection, Sanaka et al performed, in 1998, a
serologic case-control study in a hospitalized population. No
difference in H. pylori seroprevalence among 40 inpatients on
antituberculosis chemotherapy for less than three months, 43
TB patients on chemotherapy for more than three months and
60 control subjects was detected (73.3 %, 65 % and 69.8 %
respectively, P>0.5 in all comparisons)[32]. However, in this
study the eradication of H. pylori by antituberculosis drugs
could not be excluded. Rifampicin and Streptomycin, two drugs
commonly used in antituberculosis regimens, are effective
against H. pylori and decrease in H. pylori seroprevalence
during antituberculosis therapy has been reported [33,34].
Therefore, we recently carried out a case-control study focused
on the seroprevalence of H. pylori in TB patients, before the
initiation of antituberculosis treatment. A total of 80 TB patients
and 70 control subjects, well matched for age, sex and social
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status, were recruited into this study. We found that the H. pylori
seropositivity in the TB group was significantly higher than
that of controls (87.5 % vs 61.4 %, P=0.02). The mean serum
concentration of IgG antibodies against H. pylori was also
significantly higher in TB patients than in control subjects
(39.0±25.2 U/ml vs 26.1±21.2 U/ml, P=0.001)[35].
Taken together, data in the literature on the relationship
between H. pylori infection and pulmonary TB are still
insufficient. The observed frequent coexistence of both
infections must be confirmed in a larger number of patients.
This coexistence might reflect susceptibility to both H. pylori
and Mycobacterium tuberculosis induced by common host
genetic factors. It has been suggested that HLA-DQ serotype
may contribute to enhanced mycobacterial survival and
replication[36]. Recent studies showed that the same serotype is
also associated with increased susceptibility to H. pylori
infection[37,38]. Poor socioeconomic and sanitary conditions
during childhood could be another factor responsible for the
association between the two infections, as it is well known
that in developing countries acquisition of both H. pylori and
Mycobacterium tuberculosis occurs early in life[39,40]. Therefore,
we believe that studies focused on the common, either genetic
or environmental, predisposition to both bacteria are needed.

HELICOBACTER PYLORI INFECTION AND BRONCHIECTASIS
Bronchiectasis is an abnormal and permanent dilation of
bronchi, due to inflammation and destruction of the structural
components of the bronchial wall. Persistent or recurrent cough,
purulent sputum production and/or hemoptysis are symptoms
presented during the clinical course of this disorder. A wide
variety of respiratory infections, toxic substances and rare
congenital syndromes are associated with the development of
bronchiectasis. However, a great percentage of cases are of
unknown cause[41].
In 1998, Tsang et al found that the H. pylori seroprevalence
in 100 patients with bronchiectasis (76 %) was higher than
that in the controls (54.3 %, P=0.001). Further analysis in
studied patients revealed an association between H. pylori
seropositivity and 24-hours sputum volume (P=0.03)[42].
As far as we know, the study of Tsang et al is the only
report in the literature concerning the association between
H. pylori infection and bronchiectasis. The authors hypothesized
that the spilling or inhalation of H. pylori into the respiratory
tract might lead to a chronic bronchial inflammatory disorder
such as bronchiectasis. However, although H. pylori has been
identified in the tracheobronchial aspirates in mechanically
ventilated patients[43], neither identification in human bronchial
tissue nor isolation from bronchoalveolar lavage (BAL) fluid
have been achieved yet[1]. On the other hand, recent studies
have shown that inflammation in bronchiectasis is primarily
cytokine-mediated[12,44]. Therefore, the activation of systemic
inflammatory mediators by chronic H. pylori infection could
represent a possible pathogenetic link between these two diseases.
In conclusion, the possible association between H. pylori
and bronchiectasis seems intriguing and might have a
pathogenetic basis. However, studies in larger series are needed
to confirm this association and to clarify the underlying
mechanisms. As pulmonary TB is a common cause of
bronchiectasis, we believe that the increased prevalence of
H. pylori infection in TB patients should be taken into account
in the design of these future studies.
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seropositivity was about thrice as high as in controls. (63 % vs
21.5 % respectively, P<0.05). Lung cancer patients were
characterized by a significant increase of gastrin concentration
in both serum and bronchoalveolar lavage (BAL). An enhanced
m-RNA expression for gastrin and its receptor, as well as for
cyclooxygenase (COX)-2, in the tumor tissue was also detected.
Therefore, the authors hypothesized that H. pylori might
contribute to lung carcinogenesis, via enhancement of gastrin
synthesis. Gastrin might induce increased mucosal cell
proliferation of bronchial epithelium and lead to atrophy and
induction of COX-2, as it happens in gastric cancer. Finally,
the authors proposed that H. pylori should be eradicated in
lung cancer patients, in order to reduce the H. pylori provoked
hypergastrinemia and COX-2 expression[45].
Chronic bronchitis, which is associated with both lung
cancer and H. pylori infection, might be a confounding factor
in this study. Moreover, although some authors have also
showed an increased gastrin concentration in serum and BAL
fluid in lung cancer patients[46,47], others did not confirm this
finding [48]. Therefore, we believe that before adapting the
H. pylori eradication in lung cancer patients, further studies
are needed to examine whether the reported epidemiological
association between these two diseases has a pathogenetic basis.
Bronchial asthma In 2000, Tsang et al estimated the prevalence
of H. pylori infection in a cohort of 90 patients with bronchial
asthma. Helicobacter pylori seroprevalence did not differ
significantly between asthmatic and control subjects (47.3 %
vs 38.1 %, P>0.05), while serum concentration of IgG
antibodies against H. pylori did not correlate with spirometric
values and duration of asthma. The authors concluded that
bronchial asthma might not be associated with H. pylori
infection[49]. Moreover, as far as we know there is a lack of a
theoretical hypothesis that might explain a possible association
between these two diseases. Therefore, we believe that our
knowledge on the association between H. pylori infection and
respiratory diseases is unlikely to be advanced by more studies
concerning the prevalence of H. pylori infection in patients
with bronchial asthma.

CONCLUSIONS-FUTURE CHALLENGES
At present, the primary evidence for a link between H. pylori
infection and respiratory diseases rests on case-control studies,
concerning relatively small numbers of patients. Future studies
should be large enough for moderate-sized effects to be
assessed or registered reliably. The activation of inflammatory
mediators by H. pylori infection might be the pathogenetic
mechanism underlying the observed associations. Therefore,
the role of genetic predisposition of the infected host, the
presence of strain-specific virulence factors and the serum
concentration of proinflammatory markers in H. pylori infected
patients with respiratory diseases needs further evaluation.
Finally, randomized control studies should be undertaken, in
order to clarify the effect of the H. pylori eradication on the
prevention, development and natural history of these disorders.
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Abstract
AIM: To identify a molecular marker for gastric cancer, and
to investigate the relationship between the polymorphism
of pepsinogen C (PGC) gene and the genetic predisposition
to gastric cancer.
METHODS: A total of 289 cases were involved in this study.
115 cases came from Shenyang area, a low risk area of
gastric cancer, including 42 unrelated controls and 73 patients
with gastric cancer. 174 cases came from Zhuanghe area, a
high-risk area of gastric cancer, including 113 unrelated
controls, and 61 cases from gastric cancer kindred families.
The polymorphism of PGC gene was detected by polymerase
chain reaction (PCR) and the relation between the genetic
polymorphism of PGC and gastric cancer was examined.
RESULTS: Four alleles, 310bp (allele 1), 400bp (allele 2),
450bp (allele 3), and 480bp (allele 4) were detected by
PCR. The frequency of allele 1 was higher in patients with
gastric cancer than that in controls. Genotypes containing
homogenous allele 1 were significantly more frequent in
patients with gastric cancer than that in controls (0.33, 0.14,
χ2=3.86, P<0.05). There was no significant difference
between the control group of Zhuanghe and the group of
gastric cancer kindred. But the frequency of allele 1 was
higher in control group of Zhuanghe area than that in control
group of Shenyang area and genotypes containing
homogenous allele 1 were significantly more frequent in
the control group of Zhuanghe area than those in control
group of Shenyang area (0.33, 0.14, χ2=4.32, P<0.05). In
the group of gastric cancer kindred the frequency of allele 1
was significantly higher than that in control group of
Shenyang area (0.5164, 0.3571, χ2 =4.47, P<0.05).
Genotypes containing homogenous allele 1 were significantly
more frequent in the group of gastric cancer kindred than
those in control group of Shenyang area (0.36, 0.14, χ2=4.91,
P<0.05).
CONCLUSION: These results suggest that there is some
relation between pepsinogen C gene polymorphism and
gastric cancer, and the person with homogenous allele 1
predisposes to gastric cancer than those with other
genotypes. Pepsinogen C gene polymorphism may be used
as a genetic marker for a genetic predisposition to gastric

cancer. The distribution of pepsinogen C gene polymorphism
in Zhuanghe, a high-risk area of gastric cancer, is different
from that in Shenyang, a low risk area of gastric cancer.
Liu HJ, Guo XL, Dong M, Wang L, Yuan Y. Association between
pepsinogen C gene polymorphism and genetic predisposition
to gastric cancer. World J Gastroenterol 2003; 9(1): 50-53
http://www.wjgnet.com/1007-9327/9/50.htm

INTRODUCTION
Gastric cancer is the second most common cancer in the world.
Especially in China and other eastern Asian countries, the
mortality of gastric cancer is still in the leading status of all
cancers. The 5-year survival rate of gastric cancer is low, and
identification and a better control of risk factors seem to be
the most effective means of prevention. It was showed that
many factors were ascribing to the cause of gastric cancer,
including the living habit, nutrition[1-3], microbe[4-6], and genetic
predisposition[7-10]. Recently, following the primary completion
of Human Genome Project, the association of genetic
polymorphisms with diseases came to the study frontier[11-14].
Genetic polymorphisms are defined as variations in DNA that
are observed in 1 % or more of the population. The study of
genetic polymorphisms promises to help define pathophysiologic
mechanisms[15,16], to identify individuals at risk for disease[17-19]
and to suggest novel targets for drug design and treatment[20-24].
Pepsinogen C (PGC), also known as progastricsin, is the
precursor of pepsin C or gastricsin. PGC can be detected
throughout the stomach and proximal duodenum from the
period of late infant stages to adult. Therefore it is also
considered to be a mature marker of stomach cells[25]. PGC
consists of two electrophoretic isozymogens[26]. No genetic
variation was reported at the protein level. At the DNA level,
however, an about 100bp insertion-deletion polymorphism was
observed between exon 7 and exon 8 with several restriction
enzymes. The polymorphism in PGC gene locus can be
identified by both Southern blot and PCR methods.
In this study, we analyzed the PGC gene polymorphism of
patients with gastric cancer and members with gastric cancer
family history, and then examined the association between PGC
gene polymorphism and gastric cancer.
MATERIALS AND METHODS
Patients
A total of 289 cases were involved in this study. 42 cases as
health control came from the Blood Bank of the First Affiliated
Hospital, China Medical University, whose health condition
were checked up before blood was collected. 73 gastric cancer
patients came from the Department of Oncology. 174 cases
came from Zhuanghe, an area with high gastric cancer
mortality, in the eastern Liaoning Province, China as described
previously[27], including 61 members from seven gastric cancer
kindred families and 113 health controls whose family do not
have gastric cancer history. In every gastric cancer kindred, at
least two persons of the family are gastric cancer patients.
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Analysis of PGC gene polymorphism
The genomic DNA from peripheral blood was amplified by
PCR. The primers used were: upstream, 5’AGCCCTAAGCCTGTTTTTGG-3’; and the downstream, 5’GGCCAGATCTGCGTGTTTTA-3’[28]. The reaction mixture
including 32.15pmol of each primer was subjected to 5 minutes
at 95 ; 35 cycles of one minute at 94 ,one minute at 57 ,
one minute at 72 ; with a final extension at 72
for 5
minutes. The amplification reaction proceeded in a
thermocycler (PE-9 600). 12 µl of reaction mixture (50 µl in
total volume) underwent electrophoresis in 2 % agarose gel,
and the gel was stained with ethidium bromide.
Statistical analysis
The association between the polymorphism of PGC gene and
gastric cancer was tested using χ2 test, with significance
assigned to values below P<0.05.
RESULTS
Detection of PGC gene polymorphism
After PCR, four alleles with different size were obtained: 310bp
(allele 1), 400bp (allele 2), 450bp (allele 3), and 480bp (allele
4) (Figure 1). These results showed a little difference from the
data showed by Southern blot, which demonstrated two
different alleles (3.5kb and 3.6kb). According to the study of
Ohtaki et al., the 400bp, 450bp and 480bp of the PCR products
correspond to the 3.6kb, and the 310bp correspond to 3.5bp of
EcoRI fragments in Southern blot [28].
1 2 3 4 5 6

7 8

9

51

of Zhuanghe area than that in control group of Shenyang area
and genotypes containing homogenous allele 1 were
significantly more frequent in the control group of Zhuanghe
area than those in control group of Shenyang area (P<0.05).
There was no significant difference between the control group
of Zhuanghe area and the group of gastric cancer kindred.
Table 1 The distribution of genotypes of PGC gene polymorphism in health control, gastric cancer patients, and gastric
cancer kindred group
Genotypes

Controls
(Shenyang)

Gastric
cancer patients

6(0.14)

24(0.33)

37(0.33)

22(0.36)

1:2

10(0.24)

10(0.14)

9(0.08)

13(0.21)

1:3

7(0.17)

4(0.05)

14(0.12)

4(0.07)

1:4

1(0.02)

1(0.01)

9(0.08)

2(0.03)

2:2

4(0.10)

8(0.11)

10(0.09)

7(0.11)

2:3

5(0.12)

8(0.11)

9(0.08)

5(0.08)

2:4

1(0.02)

1(0.01)

13(0.12)

1(0.16)

3:3

2(0.05)

10(0.14)

2(0.02)

3(0.05)

3:4

3(0.07)

5(0.07)

8(0.07)

3(0.05)

4:4

3(0.07)

2(0.03)

2(0.02)

1(0.16)

42

73

113

61

Total

Table 2 The frequency of four alleles of PGC gene polymorphism in health control, gastric cancer patients, and gastric
cancer kindred group
n

Controls (Shenyang)
Gastric cancer patients
Controls (Zhuanghe)
Gastric cancer kindred
a

Figure 1 Analysis of PCR products. 1: The standard of molecule
(174 HincII); 2-9: Genotype of samples--450bp/480bp; 310bp/
310bp; 450bp/480bp; 310bp/310bp; 310bp/400bp; 400bp/
480bp; 310bp/480bp; 310bp/310bp.

Distribution of PGC gene polymorphism
Ten different genotypes were obtained from the four alleles.
Table 1 showed the distribution of these ten genotypes of PGC
gene polymorphism in gastric cancer patients, members of
gastric cancer kindred, health controls of Shenyang and
Zhuanghe areas. Table 2 showed an estimated frequency of
the four alleles in the four groups, and Table 3 showed the
distribution of allele 1 homogenotype in above four groups.
The frequency of allele 1 was higher in patients with gastric
cancer than that in controls of Shenyang. Genotypes containing
homogenous allele 1 were significantly more frequent in
patients with gastric cancer than those in controls of Shenyang
(P<0.05). In the group of gastric cancer kindred the frequency
of allele 1 was significantly higher than that in control group
of Shenyang area (P<0.05). Genotypes containing homogenous
allele 1 were significantly more frequent in the group of gastric
cancer kindred than those in control group of Shenyang area
(P<0.05). The frequency of allele 1 was higher in control group

Gastric cancer
kindred

1:1

bp

495
392
341
297

Controls
(Zhuanghe)

Alleles of PGC gene polymorphism
1(310bp) 2(400bp) 3(450bp) 4(480bp)

42

0.3571

0.2857

0.2262

0.1310

73

0.4315

0.2397

0.2534

0.0753

113

0.4663

0.2389

0.1549

0.1504

61

0.5164

0.2705

0.1475

0.0656

a

P<0.05 vs compared with control group of Shenyang χ2=4.47.

Table 3 The distribution of allele 1 homogenotype in health
control, gastric cancer patients, and gastric cancer kindred
n

1:1

others

Controls (Shenyang)

42

6(0.14)

36

Gastric cancer patients

73

24(0.33)a

49

113

c

37(0.33)

76

61

22(0.36)e

39

Controls (Zhuanghe)
Gastric cancer kindred

P<0.05 vs compared with control group of Shenyang, χ2=3.86;
P<0.05 vs compared with control group of Shenyang, χ 2=4.32;
e
P<0.05 vs compared with control group of Shenyang, χ 2=4.91.

a
c

DISCUSSION
Family members of gastric cancer patients have been found to
have a 1.5-fold to 3-fold increase in the risk of developing this
cancer[29]. This familial aggregation may be due to genetic or
environmental factors shared by family members[30-32]. To
understand the genetic predisposition to gastric cancer, we
selected pepsinogen C gene as a marker gene, and focused
first on the distribution of the PGC gene polymorphism in
gastric cancer patient group and health control. After PCR,
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four alleles of pepsinogen C gene with different size were
obtained. The frequency of allele 1 was higher in patients with
gastric cancer than that in controls. Genotypes containing
homogenous allele 1 were significantly more frequent in
patients with gastric cancer than those in controls. This result
showed that there is relation between the pepsinogen C gene
polymorphism and gastric cancer, and the person with
homogenous allele 1 seems to predispose to gastric cancer than
those with other genotypes.
To further study the relation of the PGC gene polymorphism
to gastric cancer and the genetic background of Zhuanghe, the
high-risk area of gastric cancer, we selected three groups as
our next research objects: gastric cancer kindred group in
Zhuanghe, the control group of Zhuanghe and the control group
of Shenyang. There was no significant difference in the
distribution of PGC gene polymorphism between the health
control group of Zhuanghe and gastric cancer kindred group,
though the frequency of allele 1 in gastric cancer kindred group
was a little higher than that in the control group of Zhuanghe.
Our understanding for this phenomenon was that the persons
who lived in Zhuanghe did not move frequently because of
the historical reason, and this consanguinity between the two
groups was the main factor responsible for the above result.
But the frequency of allele 1 was higher in control group of
Zhuanghe area than that in control group of Shenyang area,
and genotypes containing homogenous allele 1 were
significantly more frequent in the control group of Zhuanghe
area than those in control group of Shenyang area. The
frequency of allele 1 in the group of gastric cancer kindred
was significantly higher than that in control group of Shenyang
area. Genotype containing homogenous allele 1 was
significantly more frequent in the group of gastric cancer
kindred than that in the control group of Shenyang area. The
result showed the distribution of PGC gene polymorphism in
Shenyang area was different from that in Zhuanghe area.
The mortality of gastric cancer in Zhuanghe area is more
than 50 per five hundred thousand. In the low risk area of that
cancer, such as Shenyang, however, the mortality is less than
10 per five hundred thousand. From gastric cancer kindred
group, the control groups of Zhuanghe and Shenyang, the risk
ratio of gastric cancer becomes lower in turn. The data in this
study showed that the frequency of allele 1 and Genotype
containing homogenous allele 1 in the gastric cancer kindred
group, the control groups of Zhuanghe and Shenyang in turn
decreases, which is consistent with the risk ratio of gastric
cancer in the above three groups. Therefore, we could conclude
that the polymorphism of PGC gene may be related to the
predisposition of gastric cancer, and the allele 1 associated
with the risk of gastric cancer.
The mechanism of the association between PGC gene
polymorphism and gastric cancer is not clear, in this study
however, several hypotheses can be proposed. One is that the
PGC gene itself is one of the genes responsible for gastric
cancer. PGC, distributed throughout the stomach and proximal
duodenum, is an important enzyme in stomach. It was reported
that PGC not only was a digestive enzyme, but also might be a
growth factor during the healing of gastric lesions[33] and the
change of serum PGC was associated with many gastric
diseases[34-37]. The polymorphism of PGC gene is in the intron
between exon 7 and exon 8. Whether this polymorphism could
affect the expression of PGC gene or regulate the PGC gene
expression when the stomach was attacked by some
pathogenetic factors was not known. In the following study,
we will concentrate on the association of the PGC gene
polymorphism and the PGC gene expression. It is interesting
to note that in this study the frequency of allele 1 of PGC in
the group of gastric cancer kindred was also higher than that
in the group of gastric cancer group. As we know, the members
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of the gastric cancer kindred all come from Zhuanghe, a place
in which the incidence of gastric cancer is higher, and so is that
of some other gastric diseases. In the study of Ohtaki’s group,
their data showed the polymorphism of PGC gene was associated
with gastric body ulcer[28]. Comparing with our data, we can
conclude the polymorphism of PGC is related to gastric lesions.
Another possible explanation of the association between
the PGC gene polymorphism and gastric cancer was that the
PGC gene was not itself responsible for the predisposition but
one of the responsible genes was closely linked to it. It is
interesting to note that the PGC gene was localized to human
chromosome 6p21.1-pter by analysis of mouse x human
somatic cell hybrids. The recent linkage analysis demonstrated
that the PGC gene is 22cM proximal to HLA cluster which
has been investigated to determine the associated with gastric
disease[38-41], between D6S5 and D6S4, at a distance of 4.5 and
13.1cM. Further molecular biological studies using
polymorphism markers for this chromosome region will clarify
whether PGC polymorphism is linked to disequilibria of the
causative genetic variations for gastric cancer. Lastly, the
presence of reduced penetrance, other modifier genes, or an
interaction with the environment may explain the association.
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Abstract
AIM: To investigate the relationship between Helicobacter
pylori (H.pylori) infection and the expressions of the p53,
Rb, c-myc, bcl-2 and hTERT mRNA in a series of diseases
from chronic gastritis (CG), intestinal metaplasia type I or II
(IMI-II), intestinal metaplasia type III (IMIII), mild or modest
dysplasia (DysI-II), severe dysplasia (DysIII) to gastric cancer
(GC) and to elucidate the mechanism of gastric
carcinogenesis relating to H.pylori infection.
METHODS: 272 cases between 1998 and 2001 were
available for the study including 42 cases of CG, 46 cases of
IMI-II, 25 cases of IMIII, 48 cases of DysI-II, 27 cases of
DysIII, 84 cases of GC. H.pylori infection and the expressions
of p53, Rb, c-myc, bcl-2 were detected by means of
streptavidin-peroxidase (SP) immunohistochemical method.
HTERT mRNA was detected by in situ hybridization(ISH).
RESULTS: The expressions of p53, Rb, c-myc, hTERT mRNA
and bcl-2 were higher in the GC than in CG, IM, Dys. The
expression of c-myc was higher in IMIII with H.pylori infection
(10/16) than that without infection (1/9) and the positive rate
in DysI-II and DysIII with H.pylori infection was 18/30 and 13/
17, respectively, higher than that without infection (4/18 and
3/10, respectively). In our experiment mutated p53 had no
association with H.pylori infection, the expression of Rb was
associated with H.pylori infection in GC, but the p53-Rb tumorsuppressor system abnormal in DysI-II cases, DysIII and GC
cases with H.pylori infection was 21/30, 15/17 and 48/48
respecively, higher than non-infection groups (4/18, 3/10, 28/
36). Furthermore the level of hTERT mRNA in GC with H.pylori
infection (47/48) was higher than that without infection (30/
36), however the relationship between bcl-2 and H.pylori was
only in IMIII. C-myc had a close association with hTERT mRNA
in DysIII and GC (P=0.0 253,0.0 305 respectively).
CONCLUSION: In the gastric carcinogenesis, H.pylori might
cause the severe imbalance of proliferation and apoptosis
in the precancerous lesions (IMIII and GysIII) first, leading
to p53-Rb tumor-suppressor system mutation and telomerase
reactivation, and finally causes gastric cancer.
Lan J, Xiong YY, Lin YX, Wang BC, Gong LL, Xu HS, Guo GS.
Helicobacter pylori infection generated gastric cancer through
p53-Rb tumor-suppressor system mutation and telomerase
reactivation. World J Gastroenterol 2003; 9(1): 54-58
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INTRODUCTION
Gastric cancer is one of the most fatal malignancies and in the
world about 628 000 persons die of it every year. A close
association between Helicobacter pylori (H.pylori) and gastric
cancer has been found [1-14] , mainly on the basis of
seroepidemiological data. Recently the animal models that
developed gastric cancer owing to H.pylori infection provided
powerful evidence[15]. Although H.pylori has been classified as
a type I carcinogen for gastric cancer by the International Agency
for Research on Cancer (IARC)[16], the exact nature and strength
of the association with gastric cancer has remained indistinct.
A two-stage pattern has been introduced to explain the
escape from senescence of the cultured human cells[17,18]. The
mortality stage 1 (M1) mechanism causes senescence, where
normal human diploid cells become incapable of further
division. However this cessation of cellular division can be
overcome by the inactivation of human tumor suppressor genes
p53 and Rb in fibroblasts[18,19] that are mutated in a variety
human neoplasm. In non-neoplastic cells, wild type p53
modulates cell proliferation and differentiation by regulating
the transcription of several gene products, inducing p21waf1
expression which acts as a regulator of the cell cycle at the G1
checkpoint[20,21], and plays a crucial role in repairing damaged
DNA through inducing GADD45 (growth arrest and DNA
damage)[22]. Moreover p53 induces the Bax gene, which is
followed by apoptosis, in contrast to bcl-2[23]. The cells which
have overcame the M1 mechanism are able to divide until crisis
occurs, which is caused by the mortality stage2 (M2)
mechanism. It is difficult for human cells to escape from this
crisis, but in rare instances some populations can achieve
immortality by overcoming this M2 mechanism through the
reactivation of the enzyme telomerase[24-29]. Telomerase is a
unique ribonucleoprotein enzyme that is responsible for adding
the telomic repeats onto the 3’ end of chromosomes and composed
of a catalytic protein submit (hTERT, for human telomerase
reverse transcription) and a template RNA (TR), and hTERT is
the rate-limiting enzyme in the telomerase complex[30-34].
From all the above it is apparent that the understanding of
the association of H.pylori infection with some genes (for
example p53, Rb) as well as telomerase can contribute to the
elucidation of the mechanisms that regulate the development of
gastric cancer. The aim of the present study, therefore, was to
examine this association by detecting the expressions of H.pylori,
hTERT, p53, Rb, c-myc and bcl-2 in a series of gastric diseases.
MATERIALS AND METHODS
Patients
Two hundred seventy-two patients (174 men, 98 women, ranging
in age from 21 to 80 years, mean 54.22 years) underwent
endoscopy (noncancerous patients) or curative gastrectomy
(gastric cancer patients) in our hospital between 1998 to 2001,
including 42 cases of CG, 46 cases of IMI-II, 25 cases of IMIII,
48 cases of DysI-II, 27 cases of DysIII, 84 cases of GC diagnosed
according to the updated Sydney System[35] and the Japanese
Research Society for Gastric Cancer [36]. No patients had
received chemotherapy or radiation therapy before surgery.
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sample was considered positive. However the H.pylori
immunostaining was assessed positive as long as the brownblack dotish, stake or bend material was stained on the surface
of mucosa or in the gland’s cave.

All specimens were fixed in 10 % buffered neutral formalin
and embedded in paraffin and serial sections (4 µm thick).

Histochemical staining
Hematoxylin-eosin (HE) staining was used for the
histopathological diagnosis, evaluation and grading of gastritis,
atrophy, intestinal metaplasia, dysplasia and cancer. High iron
diamine (HID)-alcian blue (AB) (PH 2.5)-periodic acid schiff
(PAS) method was used to distinguish sulphates, neutral and acid
mucus, which were stained brown-black, red and blue respectively.
Using both morphological and histochemical criteria, the cases
of intestinal metaplasia were classified into three types[37].

In situ hybridization
(ISH) was used to detect hTERT (human tolomerase reverse
transcriptase) mRNA. The probe (5’-CCCAG GCGCC
GCACG AACGT GGCCA GCGGC-3’) and the kit were
bought from Boster Bio (Wuhan). Dewaxed sections were
incubated with 3 % hydrogen peroxide for 30 min to reduce
the non-specific binding and then with 1 µg/ml pepsin for 5-8
min to improve the penetration of the probe. The
prehybridization was performed at 40
for 3 h to enhance
hybridization efficiency, and the hybridization was conducted
in a 42 water bath with each section covered with a coverslip,
then the thorough washing procedure was followed: 2×SSC
(sodium chloride and sodium citrate) at 37 for 15 min, 0.5
×SSC for 15 min, 0.2×SSC for 15 min. Then the sections were
visualized according to the kit manufacturer’s instructions. We
calculated the positive cells ratio to assess the positive sample
by calculating the average ratio of positive cells (the plasma
was stained brown-yellow) under ten 400× microscopes. If the
ratio was more than 10 %, this sample was considered positive.

Immunohistochemistry
Was performed using the streptavidin-peroxidase (sp) method.
The following primary antibodies and the kit were used:
monoclonal antibodies against p53, Rb, c-myc, bcl-2 and the
kit (Maixin-Bio, Fujian), polyclonal antibodies against H.pylori
(antibody, diagnostica Inc. USA). Dewaxed sections were heated
in a microwave oven (700W) for 12 min to retrieve the antigens
and cooled to room temperature. Endogenous peroxide was
blocked by 3 % hydrogen peroxide (H2O2) for 15 min in
methanol. After being washed with phosphate-buffered-saline
(PBS, 0.01M), the sections were further blocked by 10 % rabbit
serum for 15 min to reduce nonspecific antibody binding and
then incubated with the primary antibodies of p53, Rb, c-myc,
bcl-2 or H.pylori (1:60 dilution) at 4 overnight. After being
washed with PBS for 2×5 min, the sections were incubated with
the secondary anti-mouse immunoglobulin (Ig) conjugated with
biotin at room temperature for 15 min, washed again with PBS,
followed by incubation with streptavin-peroxidase complex for
15 min. The reaction products of peroxidase were visualized by
incubation with 0.05 M Tris-HCL buffer (PH7.6) containing 20
mg 3,3’-diaminobendizine (Maixin-Bio, Fujian) and 100 µl
5 % hydrogen peroxide per 100 ml. Finally, the sections were
counterstained for nuclei by hematoxilin solution. To examine
the specificity of immunostaining, PBS was used to replace the
primary antibodies as the control. The assessment of all the
samples was conducted by an observer who did not know any
details of this study by calculating the average ratio of positive
cells (the nuclei or the plasma, staining brown-yellow) under
ten 400× microscopes. If the ratio was more than 10 %, this

Statistics
The chi-square test and the Fisher’s exact probability test were
used to compute the frequencies by SPSS 10.0 for Windows.
P<0.05 was considered to be statistically significant.
RESULTS
With the development of the diseases from CG, IM, Dys to
GC, the positive expressions of p53, Rb, c-myc, bcl-2 and
hTERT mRNA were augmented significantly (Table 1). In
particular, the frequencies of Rb, c-myc and hTERT mRNA
in IMIII (8/25, 11/25, 4/25, respectively) were statistically
higher than those in IMI-II (4/46, 8/46, 1/46, respectively)
(P<0.05). The expressions of all variables in GC were
statistically higher than in DysIII and IMIII, higher in DysIII e
than in IMIII (P<0.05). In general the frequencies of them in
H.pylori infection groups were higher than those in noninfection groups. The expression of c-myc was 10/10, 18/30,

Table 1 Expressions of c-myc, bcl-2,p53, Rb and hTERTmRNA in the different gastric diseases (%)
GC
c-myc
bcl-2
p53
Rb
HTERTmRNA

5(11.90)
3(7.14)
0(0.00)
3(7.14)
0(0.00)

IMI-II
8(17.39)
17(36.96)
3(6.52)
4(8.70)
1(2.17)

IMIII
11(44.00)
10(40.00)
5(20.00)
8(32.00)
4(16.00)

DysI-II

DysIII

22(45.83)
24(50.00)
14(29.17)
14(29.17)
10(16.67)

16(59.26)
18(66.67)
10(37.04)
12(44.44)
12(44.44)

GC
74(88.09)
55(65.48)
64(76.19)
61(72.62)
78(92.86)

Table 2 The correlations between p53, Rb, c-myc, hTERT, bcl-2 and H.pylori in benign diseases and gastric cancer
H.pylori
c-myc
bcl-2
p53
Rb
P53-Rb
hTERT
a

CG

IMI-II

IMIII

+(31) -(11)

+(32) -(14)

+(16) -(9)

7
12
2
4
4
1

10a
9a
3
6
6
4

5
3
0
3
3
0

0
0
0
0
0
0

P<0.05 vs the non-infected group.

1
5
1
0
1
0

DysI-II

1
1
2
2
3
0

DysIII

+(30) -(18)
18a
17
12a
11
21a
8

4
7
2
3
4
2

GC

+(17) -(10)
13a
13
6
9
15a
9

3
5
4
3
3
3

+(48) -(36)
44
38
39
40a
48a
47a

30
17
25
21
28
30
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13/17 in IMIII, DysI-II and DysIII with H.pylori infection
respectively, higher than non-infection group (1/9, 4/18, 3/10,
respectively). In our experiment mutated p53 had no
association with H.pylori infection, the expression of Rb was
associated with H.pylori infection in GC, but the p53-Rb tumorsuppressor system abnormal in DysI-II cases, DysIII and GC
cases with H.pylori infection was 21/30, 15/17 and 48/48,
respectively, higher than that in non-infection groups (4/18,
3/10, 28/36, respectively). The association between bcl-2 and
H.pylori only existed in IMIII (9/16, 1/9). The expression of
hTERT mRNA in GC with H.pylori infection was 47/48, higher
than non-infection group (30/36) (Table 2). We also found the
association between c-myc and hTERT mRNA in GC and
DysIII (P<0.05) (Table 3).
Table 3 Correlation between c-myc and hTERT in the gastric
benign diseases and gastric cancer
c-myc

CG

IMI-II

IMIII

DysI-II

DysIII

GC

(+) (-)

(+) (-)

(+) (-)

(+) (-)

(+) (-)

(+) (-)
70a 7

hTERT(+)

0

0

1

0

3

1

7

3

10a

2

(-)

5

37

7

39

8

13

15

23

6

9

a

4

3

P<0.05 vs the negative group.

DISCUSSION
Gastric cancer occurs after a multi-step process of alterations
in oncogenes, tumor-suppressor genes, cell-adhesion
molecules, telomerase as well as genetic instability at several
microsatellite loci. Studies have demonatrated that H.pylori
infection is closely associated with these abnormal alterations.
Konturek’s study[38] showed that H.pylori induced apoptosis
in gastric mucosa through upregulation of Bax and bcl-2
expression. The bcl-2 gene family plays an important role in
regulating apoptosis. In our studies, H.pylori enhanced the
expression of c-myc and bcl-2 significantly in IMIII (P<0.05).
The c-myc protein is a critical component for the control of
normal cell growth, but the altered c-myc activity by
translocation, amplification, overexpression, and mutation is
widespread in tumor cells and important for multi-step
carcinogenesis[39,40]. C-myc is a strong inducer of proliferation
and it is believed to be critical for the oncogenic properties.
Some studies showed that the abnormal c-myc expression
derived cells inappropriately through the cell cycle, leading to
uncontrolled proliferation, a characteristic of neoplastic cells.
Form our study we found that H.pylori infection caused a higher
proliferation and a lower apoptosis in IMIII than in CG and
IMI-II and accelerated cell proliferation, leaving a good chance
for all kinds of genes and proteins to mutate or overexpress,
presumably heightening the genetic instability consistent with
the development of carcinoma[41,42].
Mutations in the tumor suppressor genes p53 and Rb are
common events in human cancers that exert their control on
the cell cycle at the G1-S phase transition through independent
but interconnected pathways[43-50]. Williams’s studies showed
that germ-line mutation in p53 and Rb might have cooperative
tumorigenic effects in mice[51]. It has been generally accepted
that p53 and Rb tumor-suppressor system, including p53, Rb,
p16, p15, p14 and p21waf1 [52-60], play an important role in
carcinogenesis. Some studies observed this phenomenon that
NO (nitric oxide) generated by H.pylori caused p53 mutation
at the spot C:G to A:T and at the same time p53 was found
mutated at the same spot in IM, Dys and GC, thus H.pylori
probably caused p53 mutation. In our study, we found that the
expressions of p53-Rb were continually enhanced from chronic
gastritis (3/42) to gastric cancer (76/84) and in the DysIII and
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GC which had a close association with H.pylori (P<0.05).
Chen[61] reported that the mRNA levels of p53-Rb in gastric
cancer were significantly lower than those in their noncancerous tissues using quantitative analysis method. Some
studies favored the view that c-myc drove initial proliferation
and subsequent differentiation, concomitant with the activation
of the p53 G2 checkpoint and also demonstrated that inactivation
of the p53-Rb pathway is required for immortalization through
overepression of Myc[62,63]. Although c-myc and p53-Rb had
no direct association in our study, H.pylori infection might
initially provoke the c-myc and bcl-2 more than in noninfection group in IMIII and then inactivate the p53-Rb tumorsuppress system in Dys and they collaborated in GC.
Telomerase activity has been found in 85-90 % of all human
cancers but not in adjacent normal cells[27]. It has thus been
hypothesized that for a cancer cell to undergo sustained
proliferation beyond the limits of cell senescence, it must
reactivate telomerase or an alternative mechanism in order to
maintain telomeres. This makes telomerase a target not only
for the novel etiology agent but also a mark for cancer
diagnosis. Many studies showed that telomerase activity was
higher in cancers than in non-cancerous tissues and higher in
IM than in CG[64-69], which was similar to our results. The
association between H.pylori infection and telomerase activity
is still controversial. Suzuki’ study[67] indicated that hTERT
mRNA which was expressed in precancerous lesions and
gastric cancer could be induced at an early stage of gastric
carcinogenesis, but it was not correlated with H.pylori.
Kuniyasu[70] found that H.pylori evidently caused the release
of reactive oxygen species (ROMs) and reactive nitrogen
species (NO) which might be strong triggers for “stem cell”
hyperplasic in IM, followed by telomere reduction and
increased telomerase activity as well as hTERT overexpression.
We found in GC hTERT expression was significantly higher
in infection group (47/48) than in non-infection group (30/36)
but had no association in Dys or IM, maybe because there
exist two different genetic pathways to two histological types:
intestinal-type and diffuse-type gastric cancer. Some studies
showed c-myc could stimulate expression of hTERT and
thereby enhance telomerase activity which was an important
step in carcinogenesis [71-80]. In our study c-myc had an
association with hTERT in Dys and GC, which suggests that
H.pylori stimulates telomerase directly or indirectly by the
overexpression of c-myc. We did not find the association
between hTERT and p53-Rb or bcl-2.
There maybe exit this mechanism of gastric caicinogenesis
relating to chronic H.pylori infection, which leads to imbalance
of proliferation and apoptosis in the early stage, and
furthermore p53-Rb tumor-suppressor system mutation,
telomerase reactivation and finally gastric cancer generation.
Hence this molecular pathology mechanism should be applied
in routine diagnostic procedures, classification systems, disease
monitoring, and even prognostic assessment.
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Abstract
AIM: To explore the influence of angiostatin up-regulation
on the biologic behavior of gastric cancer cells in vitro and
in vivo, and the potential of angiostatin gene therapy in the
treatment of human gastric cancer.
METHODS: Mouse angiostatin cDNA was subcloned into
the eukaryotic expression vector pcDNA3.1(+) and identified
by restriction endonucleases digestion and sequencing. The
recombinant vector pcDNA3.1(+)-angio was transfected into
human gastric cancer cells SGC7901 with liposome and
paralleled with the vector control and the mock control.
Angiostatin transcription and protein expression were
examined by RT-PCR and Western blot in the stable cell
lines selected by G418. Cell proliferation and growth in vitro
of the three groups were observed respectively under
microscope, cell number counting and FACS. The cells
overexpressing angiostatin, vector transfected and untreated
were respectively implanted subcutaneously into nude mice.
After 30days the size of tumors formed was measured, and
microvessel density count (MVD) in the tumor tissues was
assessed by immunohistochemistry with the primary antivWF antibody.
RESULTS: The recombinant vector pcDNA3.1(+)-angio was
confirmed with the correct sequence of mouse angiostatin
under the promoter CMV. After 30 d of transfection and
selection with G418, macroscopic resistant cell clones were
formed in the experimental group transfected with pcDNA
3.1(+)-angio and the vector control. But no untreated cells
survived in the mock control. Angiostatin mRNA
transcription and protein expression were detected in the
experimental group. No significant differences were
observed among the three groups in cell morphology, cell
growth curves and cell cycle phase distributions in vitro.
However, in nude mice model, markedly inhibited
tumorigenesis and slowed tumor expansion were observed
in the experimental group as compared with the controls,
which was paralleled with decreased microvessel density in
and around tumor tissues (P<0.05).
CONCLUSION: Angiostatin does not directly inhibit human
gastric cancer cell proliferation and growth in vitro, but exerts
its anti-tumor functions through antiangiogenesis in a
paracrine way in vivo.
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INTRODUCTION
Angiogenesis is indispensable for various physiological
processes including reproduction, development, wound repair,
and tissue regeneration. However, abnormal neovascularization
is also involved in the development and progression of
pathogenic processes in a variety of disorders, including
diabetic retinopathy, psoriasis, chronic inflammation, lepra
alphos, rheumatoid arthritis and cardiovascular diseases. Since
Folkman put forward the hypothesis that malignant tumor is
angiogenesis dependent, direct and indirect evidences have
shown that tumor growth and metastasis are accompanied by
the growth of new blood vessels, which proves the rationality
and feasibility of anti-angiogenic therapy in treatment of
ca n ce r [1 ,2 ] . Shifting th e balan ce with in th e tu mo r
microenvironment from overproduction of angiogenic
stimulators toward an overproduction of angiogenic inhibitors
represents one potential anti-angiogenic strategy[3,4]. To date,
a number of angiogenic inhibitors have been demonstrated to
inhibit experimental tumor growth in animal models, and some
of them have already entered clinical trials[5].
Gastric cancer is a malignant neoplasm, for which the
common treatment is suboptimal and the prognosis of patients
remains dismal. It is suggests that tumor-mediated angiogenesis
due to high levels of angiogenic stimulators and downregulation of endogenous angiogenic inhibitors play a
fundamental role in the pathogenesis of malignant gastric
cancer[6,7]. Molecular mechanisms of angiogenesis in gastric
cancer have indicated an attractive therapeutic strategy by
targeting those angiogenic regulators[8].
Angiostatin, a potent specific inhibitor of proliferating
endothelial cells, shows significant antiangiogenic and
anticarcinogenic efficacies on various tumors in vivo. It
specifically inhibits the proliferation, migration, and formation
of capillary tubes in vitro or in vivo, and induces apoptosis in
endothelial cells[9-11]. Although no directed inhibition on tumor
cell growth in vitro is observed, evidence shows that angiostatin
inhibits the occurrence of the primary as well as metastatic
tumor, and remains dormant. Systemic delivery of purified
angiostatin protein, however, raises a number of difficult
practical problems which make the large-scale implementation
inefficient and/or inefficacious. And these problems also make
it unavailable logically and pharmaceutically, including
difficulties in producing large quantities of biologically active
protein, the short half-life of such proteins in vivo, and the
requirement for long-term intermittent or continuous treatment.
The transfer of angiostatin gene, therefore, may represent a
useful alternative delivery strategy. Transducing tissues at risk
for tumor progression in vivo with genes encoding
antiangiogenic proteins offers the potential of creating a local
antiangiogenic microenvironment that can be stably maintained
through continuous expression of the transduced transgene
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from surrounding tumor cells.
We have constructed and administered eukoryotic vector
encoding mouse angiostatin into human gastric cancer cells to
further characterize the antitumor function of angiostatin and
explore the potential activity in gene therapy for gastric cancer.
Our data demonstrated statistically significant inhibition of
tumor formation and growth in nude mice accompanied by
decreased microvascular density and upregulation of
angiostatin, meanwhile no cytostatic effect on gastric cancer
cells was observed in vitro. These results suggested that the
delivery of angiostatin gene may represent a potentially new
treatment modality for malignant gastric cancer, accounting
for antiangiogenic activity in a paracrine way on surrounding
endothelial cells.

MATERIALS AND METHODS
Cell culture and reagents
The human gastric cancer cell line SGC7901 was obtained
from the Japanese Cancer Research Resources Bank (Tokyo,
Japan). Cells were cultured in RPMI1640 (Gibco)
supplemented with 10 % fetal bovine serum (FBS) (Sijiqing,
Hangzhou, China), penicillin (100 units/ml) and streptomycin
(100 mg/ml) in a humidified atmosphere of 5 % CO2 at 37 .
Liposome (Tfx TM Reagent) was purchased from Promega
Company; total RNA Isolation System (Sino-American
Biotechnology Company) G418 from Gibco company; and
bicinchoninic acid (BCA) protein assay kit was obtained from
Pierce Chemicals (Rockford, Illinois).
Recombinant eukaryotic expression vector pcDNA3.1(+)angio construction and transfection
Mouse angiostatin cDNA fragment encoding for the NH2terminal secretory signal sequence(SS) and kringle1-4(K1-4)
regions of mouse plasminogen, fused with an antigenic epitope
tag HA(HA tag) to the COOH terminus of kringle 4 was
inserted into enkaryotic expression vector pcDNA3.1(+). The
structure of the recombinant vector pcDNA3.1(+)-angio was
confirmed by the restriction enzyme digest and DNA sequencing.
Gastric cancer cells SGC7901 in logarithmic growth phase
were planted in 6-well plates at 5×105 cells/well, and reached
approximately 80 % confluent after overnight incubation on
the day of the transfection. DNA/liposome (TfxTM Reagent)
complexes were prepared and transfected according to the
protocol provided by the manufacturer. The experimental
group was transfected with pcDNA3.1(+)-angio 2 µg/liposome
10 µL, the vector control with pcDNA3.1(+) 2 µg/liposome
10 µL and the mock control with liposome 10 µL. After 48 h
of transfection, the selective medium containing G418 (400
mg/L) was used to culture cells for 30 d. Then the isolated
resistant cell clones were then selected and amplified.
RNA dot blot analysis of angiostatin transcription
Total RNA was extracted with total RNA isolation system,
resuspended in DEPC-treated water, quantitated with OD260
and OD280, and dotted onto nitrocellulose filters. The linear
mouse angiostatin cDNA fragment was released from the
vector pcDNA3.1(+)-angio and labeled with [α-32P] in nick
translation reaction as the probe. The specific activity of the
probe was examined by TCA method. Hybrid was performed
sequentially: prehybrided at 42 for 3 h, the probe denatured
in water-bath at 100 for 10 min and cooled on ice for 5 min,
hybrided at 42
overnight, washed in 2×SSC and 0.2×SSC
at RT, and then hybrid signals were detected by antoradiogragh.
Western blot analysis of HA-tagged protein
The cells were cultured in conditioned media for 5 d. Cell
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supernatants was mixed with Lysine-sepharose and incubated
at 4
overnight. The resin was washed with 50 mM TrisHCl (pH8.0), and protein was eluted and stored at -20 .
Protein concentration was determined by bicinchoninic acid
assay (BCA) with bovine serum albumin as standard. Equal
aliquots (40 µg) of protein from cell supernatants were
subjected to electrophoresis on a 10 % sodium dodecyl sulfate
(SDS)-polyacrylamide gel, followed by transfer to PVDF
membranes (mMillipore) using the transfer buffer for 2 hours
and detection with the rabbit polyclonal anti-HA antibody
(diluted 1:500; Santa Cruz Biotechnology, Santa Cruz, CA)
overnight at 4 and a secondary peroxidase-conjugated goat
anti-rabbit antibody (Santa Cruz Biotechnology, Santa Cruz,
CA). Final detection was performed by the enhanced
chemiluminescence (ECL) Western blotting analysis system.

Viable cell number counting and FACS analysis of cell cycle
Cell viability and cell growth in vitro were determined by cell
number counting. Briefly, the three groups of cells were plated
on 24-well plates at 1×10 4 cells/well and cultured for 7d.
Everyday viable cell numbers of the three groups were counted
under microscope.
Three groups of cells 3×105 in the logarithmic growth phase
were collected and fixed in 70 % ethanol overnight. After being
dyed with PI at 4
avoid of light for 30 minutes, the cells
through screening were checked in FACS to estimate the
changes in cell cycle.
Animal studies
In vitro tumorigenesis assay. BalBc nuke mice were randomly
divided into three groups, 5 in each group and injected
subcutaneously with gastric cancer cells SGC7901 at 1.2×107
cells/mouse, the experimental group with pcDNA3.1(+)-angio/
SGC7901, the vector control with pcDNA3.1(+)/SGC7901 and
the mock control with SGC7901 untransfected. After 30 d, the
mice were sacrificed to measure the size of tumor formed and
calculate the percentage of inhibition on tumorigenesis in vivo.
Quantitative analyses for microvessel densities (MVD)
The tumor tissues were fixed and embedded in paraffin and MVD
were detected by SABC method. Briefly, the sections were
incubated with 0.3 % H2O2 and methanol for 30 min, blocked
with normal goat serum at RT for 2 h, stained with a primary
overnight and
anti-mouse vWF monoclonal antibody at 4
then biotin-conjugated anti-mouse IgG antibody at RT for 1 h.
After being incubated with ABC compounds for 40 min, DAB
was used to develop color reaction. Under light microscope,
MVD was counted in 4 fields (400×) selected randomly.
Statistical analysis
The results were verified by variance analysis and χ2 analysis
with SPLM statistical software offered by the Department of
Statistics, the Fourth Military Medical University.
RESULTS
Indentification of the recombinant eukaryotic expression
vector encoding angiostatin cDNA
Angiostatin cDNA was cloned into an eukaryotic expression
vector pcDNA3.1(+), under the cytomegalovirus promoter,
encoding for the NH-terminal secretory signal sequence (SS),
the preactivation peptide (PA), and kringle1-4(K1-4) regions
of mouse plasminogen, and an antigenic epitope tag derived
from the influenza HA fused to the COOH terminus of kringle4
(Figure 1). As shown in electrophoresis, the linear recombinant
plasmid was about 7.0kb, and a fragment 1.4kb was released
by restrictive digest with HindIII and XbaI, which confirmed
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that the targeted gene was cloned into pcDNA3.1(+)-angio
successfully (Figure 2). Gene sequencing showed that it had
the same sequence as supposed.
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Figure 4 Angiostatin mRNA expression by Dot Blot analysis.
1: SGC7901; 2: SGC7901(+); 3:SGC7901-pcDNA3.1(+)-angio.
Figure 1 Schematic diagram of angiostatin cDNA fragment.
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Vector-mediated expression and secretion of angiostatin in vitro
To determine the level of transgene-encoded angiostatin
transcription and protein expression and secretion, gastric cancer
cells SGC7901 transfected with the corresponding vectors were
selected by G418 for 30 d and formed macroscopic cell clones
in the experimental and vector control groups (Figure 3). The
mock group of cells, however, were dead completely after 7 d
of selection. Strong RNA hybrid signals of angiostatin mRNA
were detected in the experimental group of cell clones genetically
engineered but not in the controls (Figure 4). Western blot
analysis of cell supernatants (Figure 5) revealed the detected
protein of the size consistent with angiostatin in the experiment
group, whereas no specific band was observed in the controls.

Viral cell number

Figure 2 Identification of angiostatin cDNA insertion in
pcDNA3.1(+)-angio. M: λdsDNA/HindIII marker; 1: pcDNA3.
1(+)-angio/ HindIII; 2: pcDNA3.1(+)-angio; 3: pcDNA3.1(+)angio/HindIII+XbaI; 4: pcDNa3.1(+)-angio/BamHI.

Figure 5 Angiostatin protein expression by Western Blot analysis.
M: Marker; 1: SGC7901pcDNA3.1(+)-angio; 2: SGC7901pcDNA3.
1(+)-angio; 3: SGC7901pcDNA3.1(+); 4: SGC7901.
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Figure 6 Cell growth curves.
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Figure 3 Cell clones transfected with pcDNA3.1(+)-angio and
pcDNA3.1(+) respectively. A: Cell clone pcDNA3.1(+)-angio
transfected; B: Cell clone pcDNA3.1(+) transfected.

Figure 7 Cell cycle distributions by FACS analysis. A: SGC7901
transfected with pcDNA3.1(+)-angio; B: SGC7901.
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groups respectively (P<0.01) (Figure 9), which indicated that
overex pression of angiostatin probably decreased
tumorigenesis by inhibiting neovascularization in tumors in
vivo. And angiostatin exerted its inhibitory actions in some
paracrine ways on ECs surrounding tumor tissues and indirectly
inhibited tumorigenesis.

Figure 8 Tumors formed in nude mice by SGC7901/pcDNAangio, SGC7901/pcDNA, and SGC7901 cells (n=5). A:SGC7901;
B: SGC7901/pcDNA3.1(+); C: SGC7901/pcDNA3.1(+)-angio.
50
40
30
MVD
20
10
0
1

2

3

Figure 9 MVD in immunochemistry staining. 1: SGC7901/
pcDNA-angio; 2: SGC7901/pcDNA; 3: SGC7901.

Biological activity of angiostatin proteins expression in vitro
To assay for biological activity of the encoded angiostatin in
vitro, tumor cells transduced with and without the
corresponding vectors were cultured for 7 d to make cell growth
curve (Figure 6). Under microscope, no obvious difference
was observed in the cell morphology among the three groups
of cells. And cell growth curves indicated no change in cell
growth speed and doubling time among the three groups.
Comparing the cell cycle of the three groups, no significant
differences were found in the distribution of G0/G1, S and
G2/M (Figure 7). These results indicated that up-regulated
angiostatin expression neither directly inhibits cell growth and
proliferation nor affects cell cycle in vitro.
Biological activity of angiostatin proteins expression in vivo
The macroscopic tumors were observed on day 7 after injection
and expanded fast in the vector and mock control groups of
nude mice. However, no tumors were observable until day 10
after injection in the experimental group of nude mice, and
tumors expanded slowly. After 30 d of injection, no mice died
in the three groups and the tumors were resected and measured.
Small, pale tumor nodules were observed in the angiostatintranfected tumors, whereas large, red and hypervascularized
tumors were present in the vector-transfected control and mock
control tumor cells. The average size of tumors in the experimental
group was 2.11×0.53 cm3, much less than the average size of the
vector control 4.32×1.00 cm3 and the mock control (Figure 8).
The inhibition by angiostatin overexpression reached 72 %.
The tumor tissues in the experimental group showed more
typical symptoms of poor vascularization than the control
groups. More markedly diminished microvascular densities
were detected by immunohistochemical staining in the tumors
in the experimental group than in the vector or mock control

DISCUSSION
Since Dr. Folkman raised the hypothesis of tumor angiogenic
dependence, experimental evidences have validated that tumor
growth requires the company of new blood vessel growth. At
the prevascular stage, the tumor is unable to grow to a size
beyond 2-3 mm3 and remains in its dormant state. However,
once the angiogenic phenotype of the tumor is switched on,
tumor growth rate changes from linear to exponential[12-14].
Metastases are also dependent on angiogenesis in at least two
steps of the metastatic events[15]. First, metastatic tumor cells
must exit from a primary tumor which has been vascularized.
Second, upon arrival at their target organ, metastatic tumor
cells must undergo neovascularization in order to grow to a
clinically detectable size. It is speculated that complete
inhibition of tumor angiogenesis may result in a loss of survival
factors essential for tumor cells from the endothelial cell as
paracrine factors[16]. The regulation of tumor angiogenesis is a
complex process involving enzymatic and signal-transduction
cascades that function in fibrinolysis, matrix remodeling,
inflammation, hemodynamic control of oxygenation, and
growth regulation[17-19]. The local balance between positive and
negative factors determines the net tendency toward
angiogenesis or angiostasis[20].
Angiogenesis is closely related to gastric cancer as a
pertinent predictive factor in addition to having prognostic
value[21]. The average number of blood vessels is significantly
higher in gastric cancer specimens than in normal gastric
specimens, higher in advanced disease than in early-stage
disease, higher in specimens with metastases or blood vessel
invasion than in those without such metastasis or invasion[22,23].
VEGF positive immunostaining is observed in the gastric
tissues with different severities of lesions, the positive rates
increased with the lesion progressing from CAG to IM to
DYS[24]. And its expression is associated with hematogenous
invasion, metastasis, and clinical prognosis of gastric cancer[25].
As a malignant disease with the highest mortality rates in China,
gastric cancer is refractory to the routine chemotherapy and
radiotherapy, which are mainly adopted as the adjunctive
therapy during and/or post operation to prolong the survival
rates[26,27]. Moreover, chemotherapy has obvious toxicity and is
subject to drug resistance in the treatment of gastric cancer[28].
Until now the only method possible to cure gastric cancer is
surgical resection, despite its importance for the late-stage
cancer and various types of high-rate recurrences. Meanwhile
the chromosomal instability in DNA of gastric cancer cells
unfavorably obstructs the curative effects of the methods directly
attacking tumor cells.
Thus antiangiogenic treatment may be necessary and
potential for gastric cancer, which has been validated in many
experiments. In in vivo experiments, antiangiogenic agents with
cytotoxic anticancer drugs formed a highly effective modulator
combination for the treatment against primary and metastatic
carcinoma. The combination of anti-VEGF antibody with
mitomycin C markedly enhanced anti-tumor and antimetastasis effects in nude mice transplanted with human gastric
cancer SGC-7901[29]. The VEGF receptor KDR/Flk-1 antisense
strategy significantly increases the number of gasric cancer cells
undergoing apoptosis, and decreases tumor dissemination[30].
Angiogenesis inhibitor endostatin inhibits both tumor growth
and metastasis of human gastric cancer in nude mice[31]. And
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octreotide inhibits the migration and invasion of SGC-7901
gastric cancer cells in vitro and the metastasis of cancer in
vivo through down-regulation of MMP-2 expression and tumor
angiogenesis[32]. And the clinical applications of antivascular,
anti-angiogenic and angiostatic agents for the treatment of
gastric carcinoma may be valuable for long-term administration
to maintain tumor dormancy because drug resistance does not
develop, and these agents have a sustained effect with less
side effects than the traditional methods.
Angiostatin was firstly isolated as a circulating angiogenesis
inhibitor, whose sequence has greater than 98 % identity with
an internal fragment of plasminogen, containing the first four
of five triple loop disulfide-linked kringle structures. Purified
angiostatin specifically and reversibly inhibits proliferation of
endothelial lineages in a dose-dependent manner, but not
proliferation of normal and neoplastic nonendothelial cell
lines [9-11]. Systemic administration of human angiostatin
potently inhibits the growth of transplanted human breast
carcinoma by 95 %, colon carcinoma by 97 % and prostate
carcinoma by almost 100 % in mice, without obvious weight
loss or other toxicity observed[33,34]. It causes human primary
carcinomas to regress to a dormant state by a net balance of
tumor cell proliferation and apoptosis. And in the presence of
angiostatin, metastatic tumor cells form microscopic
perivascular cuffs around the pre-existing microvessel, rarely
expanding beyond 0.3 mm in diameter [35-37]. Although
angiostatin is a potent inhibitor of angiogenesis and tumor
growth, the need of high dosages, repeated injections and longterm administration of this protein into the body have made it
less attractive for clinical trials.
In order to develop alternative strategies for therapy, the
potential of angiostatin in gene therapy has been investigated.
In our study, human gastric cancer cells SGC7901 are
transfected with mouse angiostatin cDNA and stable cell lines
expressing the secreted form of angiostatin are established.
Despite the high levels of its expression in cell clones,
angiostatin has no direct influence on tumor-cell growth in
vitro. Implantation of the stable cell clones in nude mice
produces inhibition of primary tumor growth by an average of
72 %. Inhibition of tumor growth is correlated with reduced
vascularization, suggesting that angiostatin exerts the antitumor
effects through antiangiogenesis. These results are similar to
the previously report that angiostatin cDNA transfection into
the murine T241 fibrosarcoma cells inhibits primary tumor
growth by an average of 77 % in C57Bl6/J mice[38]. Thus
angiostatin gene therapy is possibly available for gastric cancer,
especially for its simple manipulation, highly specificity, widespectrum inhibitory effects on various tumors. It has been
observed that retroviral transduction of angiostatin in rat glioma
cells inhibits tumor growth by 70 % in vivo, however, a
relatively ineffective process[39]. Stable gene transfer of the
angiostatin cDNA by retroviral vectors in Kaposi’s sarcoma
KS-IMM cells resulted in delayed tumor growth in nude mice,
which was associated with reduced vascularization[40]. Direct
injections of replication-deficient angiostatin-expressing
adenoviral vector inhibit tumor growth, and represent a
potentially new treatment modality for malignant ascites, which
are efficient and capable of transducing dividing cells as well
as non-dividing cells in vivo[39,41]. The specific targeting of
tumors to inhibit angiogenesis using an adenovirus expressing
angiostatin, may deliver localized concentrations of protein
having a greater impact on inhibition of tumor growth[42]. AAVmediated antiangiogenesis gene therapy offers efficient and
sustained systemic delivery of the therapeutic product, which
in turn effectively suppresses glioma growth in the brain[43].
Considering the possibility of viral immunoreaction and
toxicity, non-viral angiostatin-delivery system has also been
explored. Intravenous injection of cationic liposome-
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angiostatin cDNA complex produced a significant
antimetastatic effect on murine B16 melanoma compared to
either reporter gene-treated and untreated controls[44]. These
results support that angiostatin-gene therapy is a potential
strategy in the clinical treatment of gasatric cancer.
In order to modify the specificity, we are exploiting gastric
cancer specific single-chained antibodies to guide the
angiostatin-gene therapy. Another potential pathway is
delivering angiostatin gene directly into gastric cancer tissues
under the endoscope. Because neovascularization in tumors is
a multi-step process, the key molecules involved in various
steps are potentially combined to improve anti-cancer efficacy
of angiogenic gene therapy, including inhibition of endothelial
cell proliferation, migration, invasion and matrix degradation.
More effective inhibition has been observed in the combined
gene therapy of angiostatin and endostatin than the angiostatinor endostatin-therapy respectively[45]. Meanwhile, angiogenic
genes are possibly combined with other curative molecules,
such as immunoregulators, suppressors of oncogene, enzymatic
precursor drugs. When angiostatin-mediated antiangiogenic
therapy is used in combination with intratumor delivery of the
IL-12 gene, this produces a synergistic therapeutic effect[46]. It
has been validated the potential of combining a destructive
strategy directed against the tumor cells with an anti-angiogenic
approach to fight cancer. The combination of radiotherapy and
angiostatin intratumoral injection reveals a significant inhibition
of tumor growth as compared with either treatment[47]. These
combined therapies will open new possibilities of being less
toxic and more effective than the traditional therapies in the
clinical treatment of gastric cancer.
In conclusion, it is the first time that approves the potential
of angiostatin anti-cancer effect has been proved on gastric
cancer and its functional mechanism of antiangiogenesis in
tumor has been revealed. And these data offers a new way to
comeover the disadavantages in traditional therapies in clinc.
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Abstract
AIM: To illustrate the possible role of cell differential agentII (CDA-II) in the apoptosis of hepatoma cells induced by
arsenic trioxide (As2O3).
METHODS: Hepatoma cell lines BEL-7402 and HepG2 were
treated with As2O3 together with CDA-II. Cell surviving
fraction was determined by MTT assay; morphological
changes were observed by immunofluorescence staining of
Hoechst 33 258; and cell cycle and the apoptosis index were
determined by flow cytometry (FCM).
RESULTS: Cytotoxity of CDA-II was low. Nevertheless, CDAII could strongly potentiate arsenic trioxide-induced
apoptosis. At 1.0 g/L CDA-II, IC50 of As2O3 in hepatoma cell
lines was reduced from 5.0 µmol/L to 1.0 µmol/L (P<0.01).
The potentiation of apoptosis was dependent on the dosage
of CDA-II. FCM indicated that in hepatoma, cell growth was
inhibited by CDA-II at lower concentrations (<2.0 g/L)
primarily by arresting at S and G2 phase, and at higher
concentrations (>2.0 g/L) apoptotic cell and cell cycle
arresting at G 1 phase increased proportionally. The
combination of two drugs led to much higher apoptotic rates,
as compared with the either drug used alone.
CONCLUSION: CDA-II can strongly potentiate As 2O 3induced apoptosis in hepatoma cells, and two drugs can
produce a significant synergic effect.
Liu JW, Tang Y, Shen Y, Zhong XY. Synergistic effect of cell
differential agent-II and arsenic trioxide on induction of cell cycle
arrest and apoptosis in hepatoma cells. World J Gastroenterol
2003; 9(1): 65-68
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INTRODUCTION
It has been reported that arsenic trioxide (As2O3), a newly found
apoptosis inducer, possesses a greater apoptotic effect on
hepatoma cells as comparied with some drugs used in
chemotherapy[1-5]. However, because of its toxicity and the drug
resistance of cancer cells, it has not been widely used in the
treatmeant of cancers[6-10]. As a biological preparation purified
from human urine, cell differential agent-II(CDA-II) can

effectively induce cell differentiation and reverse drug
resistance of cancer cells against chemotherapeutic agents[11,12].
Clinical application of CDA-II has demonstrated its low
toxicity and satisfactory therapeutic effect[13-15]. This report is
intended to investigate the effect of CDA-II on As2O3-induced
apoptosis of hepatoma cells in an attempt to find a better
combination therapy for hepatoma.

MATERIALS AND METHODS
Materials
Human hepatoma cell lines HepG2 and Bel-7402 were obtained
from the cell laboratory in the Medical School of Zhongshan
University; cell differential agent (CDA-II) was provided by
Everlife Pharmaceutical Co. Ltd, Hefei; arsenic trioxide (As2O3,
Mr=197.84), MTT, Hoechest 33 258 and PI were purchased
from Sigma Co., USA; PRMI 1 640 was purchased from
GIBCO, USA; agar, RNase, proteinase were purchased from
Huamei Company; DEME purchased from Evergreen
Company, Hangzhou, dimethyl sulfoxide (DMSO) was
imported and individually packed, and λ-DNA Marker VII
was purchased from Roche Company, USA.
Experimental group
The preliminary experiment showed that 1.0-5.0 µmol/L of
As2O3 could induce apoptosis in hepatoma cells to various
degrees, and 1.0-5.0 g/L of CDA-II could inhibit proliferation
and induce differentiation of hepatoma cells. The experiment
was divided into 4 groups: group A, control without any drug;
group B, As2O3 was added only to final concentrations of 1.0,
2.0, 3.0, 4.0 and 5.0 µmol/L; group C, CDA-II was added to
final concentrations of 1.0, 2.0, 3.0, 4.0 and 5.0 g/L; and group
D, 1.0 g/L of CDA-II + various concentrations of As2O3 used
in the group A.
Cell culture and survival rate tested with MTT
Cells were cultured in PRMI1640 with 10 % calf serum, 100
U/ml penicillin and 100 µg/ml streptomycin in a humidified
atmosphere of 5 % CO2 at 37 . With a density between 2×106
and 6×10 6, two cell lines grew in the same way as typical
epithelial cells, and reproduced once every two days. During
the experiment, the density of cells was adjusted to 1×106/mL
with culture medium PRMI1640, and transferred to 96-well
plates, 100 µL cell suspension per well, to incubate for 24
hours. Drugs of different concentrations were added to the
plate, 4 plate wells for each drug concentration according to
the aforementioned group division: 100 µL drug and 100 µL
culture medium were added to each well with a total volume
of 200 µL for group B and C; 100 µL of two drugs each was
added with a total volume of 200 µL for group D; and 200 µL
culture medium was added to each well of control group. All
the groups had concentrations of 4 compound wells. After
incubation for 24 h, 48 h, 72 h and 96 h, 20 µL of 0.5 % MTT
was added to each well and incubated for another 4 hours. The
supernatant was discarded and 200 µL of DMSO was added.
When the stain was dissolved, the optical density ABS value
of each well was read on MinireaderIIat 570 nm. Cell survival
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rate was calculated with the following equation: average A value
of experimental group/average A value of control group×100 %.
Each experiment was repeated at least three times.

The rate of apoptosis tested by fluorescence of live cells
After the aforementioned cells were cultured with drugs for
72 h, cells were harvested and fixed with 1:3 glacial acetic
acid/methanol twice, first for 5 min and then 10 min and washed
with phosphate buffer solution (PBS). Hoechest 33 258 was
put into cell suspension to a final concentration of 1.0 mg/L
and the cells were stained fluorescent for 15 minutes away
from light. An Olympus BH-2 fluorescence microscope was
used to observe the fluorescent associated with DNA of cells
neclei. Graphs were drawn based on different concentrations
of drugs and apoptotic rate of cells.
Agarose gel electrophoresis of DNA
Cells treated with drugs for 96 h were collected. After lysis
with Nicoletti lysis buffer, DNA was extracted with an equal
volume of phenol, phenol/chloroform and chloroform once
each, incubated with RNase and precipitated with ethanol and
sodium acetate. DNA was sedimented by centrifugation, air
dried and dissolved in Tris-EDTA buffer. Each DNA sample
was analyzed by gel electrophoreses in 1.2 % agarose gel for
1.5 h and visualized under ultra-violet light.
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(As2O3, c B,B) plus ρB,C=1.0 g·L-1; cConcentration grads effect:
F=32.270, sig.=0.000, P<0.05; dMain effect for group B (As2O3,
cB): F=22.856, sig.=0.000, P<0.05; eMain effect for group C(CDAII, ρB): F=0.831, sig.=0.059, P>0.05; fInteraction effect for group
D (B+C1.0): F=27.178, sig.=0.000, P<0.05

Effect of two drugs on apoptosis in hepatoma cells
Under fluorescent microscope, cell nuclei of the control group
displayed fluorescence evenly.Treated by the two drugs in
combination, a large proportion of cells underwent apoptosis.
Uneven and more dense particulate fluorescence could be
observed in cell nuclei (Figure 1). The rate of apoptosis of 500
cells was calculated. The result showed (Figure 2) that when
As2O3 was employed at 1.0 µmol/L, the number of apoptotic
cells was only slightly above that of control, and the difference
was not significant (P=0.063). However, the apoptotic rate rose
greatly with the increase of drug concentrations above 1.0
µmol/L, and the significance of differences became obvious
as against the control (P<0.01). When CDA-II was used alone,
the concentration must be above 3.0 g/L showed significant
difference from the control (P<0.015). CDA-II greatly
potentiated the apoptosis induced by As2O3. The apoptotic rate
of 1.0 µmol/L of As2O 3 together with 1.0 g/L of CDA-II
approached that of 4.0 µmol/L As2O3.

Apoptosis index (PI) determined by flow cytometry (FCM)
The cells described above were harvested, and 1×106 cells were
centrifuged to get rid of supernatant, fixed with ethanol, and
incubated with 200 µL RNase A at 37
for 1 h; 800 µL PI
staining solution was mixed into it and the subsequent mixture
for 30 minutes. Flow
was stored in the refrigerator at 4
cytometry was then used to analyze the cell cycle. The cells
with content of DNA in sub G1 were apoptotic cells.

RESULTS
Effects of CDA-II and As2O3 on the growth of hepatoma cells
Cytotoxicity of CDA-II was low. At 1.0 g/L, the respective
survival rate of cell lines HepG2 and BEL-7402 were 92 %
and 89 %. When the concentration was increased to 3.0 g/L,
the survival rate dropped to 76 % and 65 % respectively. The
combined usage of two drugs markedly increased the
cytotoxicity of As2O3 on the two cell lines. The addition of
1.0 g/L CDA-II caused IC50 of As2O3 to fall from 5.0 µmol/L
to 1.0 µmol/L (P<0.01, Table 1).
Table 1 Survival rate of hepatoma cell lines HepG2 treated
with drugs (x±s)%
cB,B/(µmol·L-1)a or ρB,C/(g·L-1)b

Groups

A (Comtrols)
B (As2O3, cB) d
C (CDA-II,ρB)
D (B+C1.0) f

e

1.0

2.0

3.0

4.0

5.0c

100

100

100

100

100

80.06±3.27

70.58±5.42

67.82±3.43

59.33±7.33

49.12±4.25

92.41±4.25

81.22±7.34

70.23±2.32

68.22±4.56

67.12±9.23

50.67±3.56

47.88±6.42

47.34±4.25

45.54±8.22

41.55±3.75

cB,B/(µmol·L-1) is for group B(As2O3, cB); ρB,C/(g·L-1) is for group
C (CDA-II,ρB); bgroup D (B+C1.0) refers to every each group B
a

Figure 1 Immunofluorescence staining of Hoechst 33 258 72 h
after 1.0 µmol/L As2O3+1.0 g/L CDA-II administred in HepG2
cells (×400). : dispersive fluorescences in normal cells nuclei;
: compact particulate fluorescences in apoptosis cell nuclei
groupＢ（Ａｓ２ｏ３）
B (As2O3)
ｇｒｏｕｐ
groupＣ（ＣＤＡ－
C (CDA-II)
ｇｒｏｕｐ
）
groupＤ（Ｂ＋Ｃ）
D (B+C)
ｇｒｏｕｐ
ｇｒｏｕｐ
groupＡ（Ｃｏｎｔｒｏｌｓ）
A (Controls)

８０
80

BEL-7402 cells apoptotic rate (%)

Statistics
Software SPSS 10.1 was employed to process the data with test
of index deviation, and to analyze the causes of the deviation in
data concerning multiple factors of the experimental design.

70
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As2O3 and CDA-II concentration (µmol/L or g/L)

Figure 2 Comparison of different groups on numbers of BEL7402 cell apoptosis. A. Main effect(As2O3): F=0.387, sig.=0.063,
P>0.05; B. Main effect(CDA-II): F=0.670, sig.=0.785, P>0.05; C.
Interaction (As2O3+ CDA-II): F=22.450, sig.=0.000, P<0.05

DNA of cells undergoing apoptosis showed a ladder pattern
in agarose gel electrophoresis. In the present study, DNA
ladders were characteristically identified in the cells treated
with 5.0 µmol/L As2O3 or 1.0 g/L CDA-II+1 µM As2O3 for 72 h
as shown in Figure 3.
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Figure 3 DNA agarose gel electrophore I of hepatoma cell lines
treated by As2O3 or CDA-II+As2O3 for 72 h. M: λ-DNA Marker
VII; A (HepG2): controls; B (HepG2): 1.0 µmol·L-1 As2O3+1.0
g·L-1 CDA-II; C(BEL-7402): 1.0 µmol·L-1 As2O3+1.0 g·L-1 CDAII; D(HepG2): 5.0µmol·L-1 As2O3
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Figure 4 Comparison of DNA in various groups 4 days after
medicinal treatment. P<0.05 Compared with the controls

Flow cytometry study of cell apoptosis
Four days after treatment with As2O3, sub-G1 cells, namely
apoptotic cells, became evident in HepG2 and BEL-7402, and
the number of apoptotic cells was in direct proportion to drug
concentration (Figure 4). As2O3 at 5.0 µmol/L induced 46.7 %
of HepG2 and 53.1 % of BEL-7402, respectively to undergo
apoptosis. When CDA-II was employed alone below 2.0 g/L,
the apoptotic rate of hepatoma cells was not significantly
different from that of the control. At such low concentration
(<2.0 g/L), the cells arrested in G2 exceeded those in the control,
whereas at concentrations above 2.0 g/L, both apoptotic cells
and cells arrested in G1 increased. The combination of 1.0 g/L
CDA-II and 1.0 µmol/L As2O3 in hepatoma cells resulted in
reduced vitality of the two cell lines, and the apoptotic rate
rose from 11.3 % in the presence of 1.0 µmol/L As2O3 alone to
40.2 % (Figure 5). The potentiation of As2O3-induced apoptosis
by CDA-II was concentration-dependent. The percentage of
sub-G1 cells induced by 3.0 g/L CDA-II and 1.0 µmol/L As2O3
reached 63 %, as against 57 % caused by 5.0 µmol/L As2O3.
All these findings indicated that CDA-II could synergistically
potentiate As2O3 to induce apoptosis of hepatoma cells.
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Figure 5 Flow cytometry 4 days after medicinal treatment.
(A). 1.0 µmol/L As2O3; (B). 1.0 g/L CDA-II; (C). 1.0 µmol/L
As2O3+1.0 g/L CDA-II; (D). Control.

DISCUSSION
Toxicity of cell apoptotic agents and drug resistance of cancer
cells are major factors contributing to the failure of
chemotherapy. It has been reported by Cai et al[16], that onethird of 47 patients with normal liver function but suffering
from recurrent acute promyelocytic leukemia who were treated
with As2O3, had their livers damaged. Obviously, the patients
with damaged liver function must choose smaller dosage of
As 2O 3. In this regard it particularly fits the recommend
combination therapy with CAD-II, because CAD-II is a very
effective drug to protect liver from hepatotoxin-induced
injuries[17-20]. In votro, hepatoma cell growth and proliferation
were only inhibited by arsenic trioxide at lower concentrations
(0.25-2.0 µmol/L), with no significant apoptosis, at higher
concentration (>2.0 µmol/L) can induce cell apoptosis[21-26].
According to the sensitive standard of chemotherapeutic agents
devised by Abe et al[27,28], hepatoma cells in this experiment are
sensitive to the dosage of 5.0 µmol/L As2O3. Based on the
following formula[29]: drug concentration (mg/L)=[(drug
mg×surface size)/body weight]×(100/60), the sensitive dosage in
clinical application is 20 mg/m2. In the presence of 1 g/L of CDAII, IC50 of As2O3 can be reduced from 5.0 µmol/L to 1.0 µmol/L.
That means 4 mg/m2 is equally as effective in the combination
protocol as 20 mg/m2 of single As2O3. CAD-II is a biological
preparation purified from human urine which is a selective
inhibitor of abnormal cancer methylation enzymes[16,30,31]. DNA
hypermethylation attributable to abnormal methylation
enzymes is related to the evolution of drug resistance of cancer
cells [32,33]. It is likely that the modulation of abnormal
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methylation enzymes is responsible for the reverse of drug
resistance and the potentiation of As2O3-induced apoptosis.
Shen et al. reported that abnormal DNA methylation plays an
important role in the process of hepatocellular carcinogenesis.
DNA methylation level is closely correlated with the biological
characteristic of liver cancer, the lower the level of DNA methylation,
the stronger the infiltration and metastatic capacity[34-36]. Animal
experiments on have demonstrated that CAD-II could effectively
prevent the growth and metastasis of xenografted hepatoma[37,
38]
Analysis of cell cycle revealed that CAD-II at low
concentrations could arrest more hepatoma cells in G2 and S,
and at high concentrations could bring about more apoptosis
and relatively more cells arrested in G1. It is remarkable that
CAD-II at a low dosage is not capable to induce apoptosis,
nevertheless, it can strongly potentiate As2O3-induced apoptosis.
With 1.0 g/L of CAD-II, the apoptosis-inducing capability of
As2O3 can be reduced from 5.0 to 1.0 µmol/L. Therefore, only
4.0 mg/m2 of As2O3 is needed in clinical treatment giving an
equivalence of 20 mg/m2 of As2O3. Thus, the combined therapy
of As2O3 and CAD-II offers a great advantage to reduce toxic
side effect and to improve the therapeutic efficacy for hepatoma.
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Abstract
AIM: The imaging features of MRI and DSA, using the models
of implanted and induced hepatoma, were investigated in rats.
METHODS: CBRH3 cancer cells were implanted for different
liver site of rat liver and the diethylnitrosoamine was given
orally to rats in order to induce liver cancer. Both experimental
groups were detected by magnetic resonance imaging (MRI),
digital subtraction angiography (DSA) and morphologic assay.
RESULTS: Hypointensity on T1WI and homogenous high
signal intensity on T2WI in MRI, and ring-like abnormal stain
on DSA were found in implanted cancer. Induced cancers
appeared as homogeneous or heterogeneous hypointensity
on T1WI (10 cases), and equal or slight high intensity on
T2WI (8 cases), but some as hypointensity on T2WI (2 cases).
CONCLUSION: The imaging features of implanted cancers
were similar to that of human liver metastases. Therefore, it
could serve as an experimental model of human liver metastatic
tumor. The imaging feature of induced cancers, whereas, were
similar to that of human primary liver cancer. It could be use
as an experimental model of human primary liver cancer.
Yang JH, You TG, Li N, Qian QJ, Wang P, Yan ZL, Wu MC.
Relationship between the imaging features and pathologic alteration
in hepatoma of rats. World J Gastroenterol 2003; 9(1): 69-72
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INTRODUCTION
It is important to investigate the relationship between the
biologic properties of liver tumor and the findings with modern
imaging techniques. MRI affords the possibility in coronal and
sagittal views, which are very helpful in liver surgery because
surgical techniques are described in these planes[1-2]. In addition,
targeted gene therapy, for instance, cytokines gene therapy,
angiogenesis inhibitor and granulocyte-macrophage colonystimulating factor (GM-CSF) gene-transduced tumor vaccine
for patients, may be useful in developing anticancer drugs that
prolong or stabilize theprogression of tumors with minimal
systemic toxicities. These drugs may also be used as novel imaging
and radiommunotherapeutic agents in cancer therapy[3-7].
However, little is known on experimental work of both scan
imaging and liver cancer. The present study, using the model of

implanted and induced hepatoma of rats, was undertaken to
investigate the relationship between the morphologic alterations
and imaging characteristics of magnetic resonance imaging (MRI)
and digital subtraction angiography (DSA), and more to improve
level of diagnostic and treatment for liver cancer. Finally,
interleukin 2 was therapeutic effect on liver tumors[8], so the our
further study of interleukin gene therapy for liver cancer was based
on the present outcome of implanted and induced hepatoma.

MATERIALS AND METHODS
Imaging Instruments
MRI equipment was produced by Siemens AG (1.0 T). Its SE
rank, 128*128 matrix, T1-weighted sequence (T1WI) were
TR/TE 350-480/15 ms; T2-weighted sequence (T2WI) was
TR/TE 2 200/90 ms. Slice thickness was 2 mm and scan space
was 0.5 mm. Both of coronal and sagittal scanning was fulfilled.
Hepatic artery was scanned by DSA (Toshiba DFP-0.3A) with
perfusing iodized oil (Lipiodol). Instruments and drugs were
sterilized routinely.
Animals and Hepatoma cell
Male Wister rats (200-250 g wt) were obtained from Animal
Center of Chinese Academy of Sciences. Animals were maintained
on a standard diet. Cellular strains of hepatoma CBRH3 were
provided kindly by Prof. Xie Hong (Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Science).
Implanted liver cancer model in rat
Hepatoma CBRH3 cells were injected into abdominal cavity
of rat. Rats were sacrificed and tumors were removed from
abdominal cavity 7-9 days late. The tumors were cut into pieces
of 0.05-0.75 cm and then was inoculated into rat liver for one
or more locations respectively. The tumor was grown up to
diameter in 0.6-1 cm after 7-10 days of inoculation.
Induced liver cancer model in rat
Male Wister rats (age for 8 weeks) took orally 1:10 000
diethylnitrosamine for 80 days to induce liver cancer. The
micro-nodules of hepatoma were developed 14 weeks late and
0.2-1 cm of tumor masses were observed 16-18 weeks late.
There were poly-cysts in rat liver. This model was used to
study for poly-nodules of hepatoma. The success rate of
induced cancer was 100 %[9,10].
Experimental procedure
Both of 10 implanted tumor rats (age of 9 days) and 10 induced
tumor rats (age of 16-18 weeks) was divided to experimental
group and control group, randomly. While rats were scanned
by MRI, they were anesthetized by injecting ketamine into
muscle. In addition, the hepatic artery and gastroduodenal
artery were isolated carefully and micro-catheter was inserted
into these artery for injection of iodine oil before DSA[11].
RESULTS
A stable model of rat hepatoma was established by either implanted
tumor with cancer piece or inducing tumor with diethylnitrosamine.
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Imaging features of the implanted tumors in MRI and DSA
and the pathology:The 10 implanted models showed 18 nodules
of tumor in MRI and DSA. 11 nodules of them were round
shape and 7 of them were ellipse. The margin of tumors was
smooth. Implanted cancer showed homogeneous hypointensity
on T1WI (Figure 1) and homogeneous hyperintensity on T2WI.
The rat liver showed normal signal and normal organ shape.
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easy for proliferation of nodule with acid-like change and wateralteration. The dilation of lymphatic tube and the proliferation
of bile duct were shown between hepato-lobule. Hepato-lobule
was divided by proliferation of fibre. The artery and vein were
not distinguished because of dilation of vessel (Figure 6).

Figure 3 Homogeneous slight hypointensity on T1WI was
found in poly-nodules of tumor
Figure 1 MR imaging showed low signal on T1WI in implanted
hepatoma of rat

In DSA, the tumors showed no stain for blood vessels in
the center of tumor (vacancy of vessel) and abnormal ringlike staining of vessel around tumor. The liver tissues were
normal. Necrosis and colliquational cavity were shown on the
core of tumors in all of 18 tumor mass and the yellow-gray
tissue could be seen in cross section of tumors. The cancer
cells were small or mediate in size with great nucleus. The
parenchyma of liver was normal (Figure2).
Figure 4 Inhomogeneous slight hyperintensity was indicated
on T2WI in different shape, but some of them were showed
normal signal or more contrast enhancement in interval

Figure 2 Distribution of microscopy (×200) in implanted liver
cancer that abnormal type and arrangement of cancer cell.
There were abundant vascular proliferation and lymphocyte
infiltration growth around tumor

The scanning pictures of MRI and DSA and the pathological
alteration in induced cancer: Liver cirrhosis with different
degree and multiple nodules of cancer were observed in 10
tumor cases. Eight among 10 tumors showed homogeneous
slight hypo-intensity on T1WI (Figure 3) and inhomogeneous
slight hyper-intensity on T2WI with different shapes, but some
of them were with normal signal or more contrast enhancement
(Figure 4). Two among 10 tumor livers were shown
inhomogeneous slight low signal on T1WI, but equal signal
was found in interval. Hypointensity was observed on T2WI.
In DSA the distribution of internal hepato-vascularity was
disorder and the angio-clumps were different in sizes in tumor
(Figure 5). Pathology: Tumor liver showed poly-nodules, tumor
diffusion and inequality of size. The tumor was light yellow. In
microscopy examination, distribution of tumor and liver tissue
was in interval. The cancer tissue showed plenty and dilation of
vessel. The cell plasma of cancer was not abundant. The
arrangement of tumor cell was nest and bunch. Liver tissue was

Figure 5 The disorder of distribution of internal hepato-vascularity was found and the angio-clump showed different size
in tumor in DSA

Figure 6 Distribution of microscopy (×100) in induced liver
cancer that tumor and liver tissue was in interval. There was
plenty and dilation of vessel
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DISCUSSION
Characterization of image technique of rat
The available MR image photos were taken because technique
is as follow. (1) Technique of eye surface loop: To avoid
disturbing factors for image definition that focus on the location
of rat liver, this technique was used. (2) Folium technique keeps
away the cabin effect on conceal of small tumor nodules. (3)
False shadow caused by move of body act and breath was
prevented by suitable anesthesia for rats. On DSA image, deep
anesthesia and careful anatomy of hepatic artery with catheter
were necessary. But it is difficulty to puncture femoral artery.
In order to find available condition of exposure time, we try to
test more times[12].
The relation of image and pathology in implanted cancer
The component of tumor is of long longitudinal relaxation time
(T1) and long transverse relaxation time (T2) since the
implanted cancer show low signal on T1WI and equal signal
on T2WI in MRI. Equal signal intensity implies that there are
no tissue component in the core of tumor apart from necrosis,
liquefaction and cystic change. Therefore, the situation of blood
supply was not described due to no-contrast enhancement of
Gadolium-DTPA[13,14].
On DSA, the imaging of blood vessel around tumor was
found such as folium annularity, whereas central liquefaction
and necrosis were existed in tumor. Thus, cancer cell on the
border of tumor grows actively because of blood supply in
plenty and cancer cell in center of tumor does not grow because
of insufficient blood supply. There is no liver cirrhosis because
signal intensity of liver tissue in MRI and distribution of blood
vessel in DSA are normal compared to normal liver
parenchyma[19].
Necrosis at core of tumor and the proliferated nodule of
tumor cell were found around blood sinus and dilation of blood
vessel after 9 days of implanted cancer[16,17]. The change in
MRI and DSA was accord to pathology.
The relation of image and pathology in induced cancer
Resent study has suggested that a random clonal origin of
hepatocyte carcinoma from mature hepatocytes is seen in the
diethylnitrosamine model of hepatocarcinogenesis[18].
Induced cancer is of two different signal intensities including
1. slight low signal intensity on T1WI and slight high signal
intensity on T2WI in 8 cases and 2. inhomogeneous low signal
on T1WI and low signal on T2WI with regular appearance in
2 cases. We hypothesize that both signals is caused by the
difference in hepatoma component and hepatoma cellular
arrange. Amount of fribrocyte, apart from tumor cells, is found
in these 2 cases which result in extended longitudinal relaxation
time (T1) and contracted transverse relaxation time (T2) with
low signal on T1WI and low signal on T2WI. Irregular liver
shape and liver nodule proliferation in deferent degree with
liver cyst could be manifested on MRI because of liver cirrhosis
and degeneration resulting from taking carcinogen for long
time. To differentiate with cirrhosis nodules and tumor nodules,
some investigators reported that the early-enhancing single
nodule with cirrhosis is high predictive to hepatocyte cancer
in patient. This phenomenon is also seen in our data of photo and
microscopy examintion[20,21]. On DAS, the tumor stain is displayed
by reason of disorder of blood vessel and angio-clamp[22].
Comparison imaging of implanted, induced and human
hepatoma
Primary liver cancer Based on the liver cirrhosis, primary
liver cancer display the slight low signal intensity on T1WI
and equal or slight high signal intensity following extended
echo time without raise of signal in MRI[23]. In DSA, the plenty
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amateur vessel is observed[24].
Liver metastases MRI shows the low signal intensity on
T1WI, high signal on T2WI and annular enhancement by
Gadolium. In DSA, annular staining is displayed without
background of cirrhosis[15].
Compared with manifestation of MRI and DSA, studies
confirm that implanted hepatoma lead that the signal intensity
is high following the extended echo time and annular staining
around tumor is occurred without liver cirrhosis[25].
In induced cancer, liver cirrhosis with slight high signal or
low signal due to extended echo time without raise of signal is
observed in MRI. The abundant malignant vessel stain is
indicated that it is similar to human primary liver cancer[26].
In conclusion, the imaging features of implanted cancers
were similar to human liver metastases in manifestation of MRI
and DSA. Therefor, it could serve as an experimental model
of human liver metastatic tumor. The imaging feature of
induced cancers, whereas, were similar to that of human
primary liver cancer. It could be use as an experimental model
of human primary liver cancer.
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Abstract
AIM: This study investigated the anti-cancer effect of
combined quercetin and a recombinant adenovirus vector
expressing the human p53, GM-CSF and B7-1 genes
(designated BB-102) on human hepatocellular carcinoma
(HCC) cell lines in vitro.
METHODS: The sensitivity of HCC cells to anticancer agents
was evaluated by 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay. The viability of cells infected
with BB-102 was determined by trypan blue exclusion. The
expression levels of human wild-type p53, GM-CSF and B7-1
genes were determined by Western blot, enzyme-linked
immunosorbent assay (ELISA) and flow cytometric analysis,
respectively. The apoptosis of BB-102-infected or quercetintreated HCC cells was detected by terminal deoxynucleotidyl
transferase (TdT) assay or DNA ladder electrophoresis.
RESULTS: Quercetin was found to suppress proliferation of
human HCC cell lines BEL-7402, HuH-7 and HLE, with peak
suppression at 50 µmol/L quercetin. BB-102 infection was
also found to significantly suppress proliferation of HCC cell
lines. The apoptosis of BB-102-infected HCC cells was greater
in HLE and HuH-7 cells than in BEL-7402 cells. Quercetin did
not affect the expression of the three exogenous genes in
BB-102-infected HCC cells (P>0.05), but it was found to further
decrease proliferation and promote apoptosis of BB-102infected HCC cells.
CONCLUSION: BB-102 and quercetin synergetically
suppress HCC cell proliferation and induce HCC cell apoptosis,
suggesting a possible use as a combined anti-cancer agent.
Shi M, Wang FS, Wu ZZ. Synergetic anticancer effect of
combined quercetin and recombinant adenoviral vector
expressing human wild-type p53, GM-CSF and B7-1 genes on
hepatocellular carcinoma cells in vitro. World J Gastroenterol
2003; 9(1): 73-78
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most malignant
diseases known. Surgical resections are incapable of removing

all HCC cells and the disease is very resistant to anticancer
agents, making chemotherapy an equally ineffective option[1].
Therefore, anti-tumor gene therapy strategies seem a good
future option for the treatment of HCC[2]. Numerous studies
have shown that tumor occurrence and progression are often
related to mutations in tumor suppressor genes or loss of host
anti-tumor immunity[3-9]. Therefore, a promising approach is
transfer of tumor suppressor genes to cause tumor cell growth
arrest or apoptosis, combined with cytokine genes to induce
an effective immune response directly against both the
genetically modified and the parental tumor cells[10].
In HCC, mutation or loss of tumor suppressor gene p53 is
associated with malignancy and chemoresistance[11-13], making
the wild-type p53 (WT-p53) gene a good candidate for
replacement by gene therapy. Granulocyte-macrophage colony
stimulating factor (GM-CSF) has been proven to be a potent,
long-lasting inducer of antitumor immunity that promotes
maturation of dendritic cells and enhances the function of
antigen-presenting cells and natural killer (NK) cells[14-17]. In
addition, the expression of members of the B7 gene family
has been shown to be important in antitumor responses in both
mice and humans[18-20]. However, most tumor cells, including
HCC cells, lack B7-1 molecules on their surface, and as a result
they escape recognition by the immune system[21]. Kim et al.
found an increased antitumor effect with the combined
expression of GM-CSF and B7-1 in athymic nude mice,
suggesting that coexpression of GM-CSF and B7-1 may enhance
antitumor activity[22]. Recombinant adenovirus vector BB-102,
which expresses p53, GM-CSF and B7-1 genes[23], has been
shown to inhibit the growth of various human carcinoma cells,
such as hepatocellular carcinoma, lung cancer[24], and laryngeal
cancer[25], and enhances carcinoma cell chemosensivity to anticancer agents.
Quercetin (3,3’,4’,5,7-pentahydroxyflavone) is one of most
widely distributed bioflavonoids in the plant kingdom and is a
common component of most edible fruits and vegetable.
Humans consume approximately 1 g of dietary flavonoid daily.
This compound has been shown to inhibit the growth of various
human cancer cell lines[26-34], including leukemia, hepatocellular
carcinoma, and estrogen-receptor positive breast carcinoma
MCF-7, suggesting that quercetin may have anti-cancer and
anti-metastasis potential[35-39]. The growth inhibitory effect of
quercetin on tumor cells is found to be consequence of its ability
to interfere with the enzymatic processes involved in the
regulation of cellular proliferation: DNA, RNA and protein
biosynthesis[40-43]. Quercetin also has shown to down-regulate
or inhibit the phosphatidylinositol (PI) and phosphatidylinositol
phosphate (PIP) kinase activities in human carcinoma cells,
leading to a marked reduction of second messengers IP3
concentration and cell death[44,45]. Therefore, quercetin may be
useful in the treatment of carcinomas with increased or downregulated signal transduction capacity[45-47].
These results suggest that the combination of quercetin with
BB-102 may synergetically suppress the growth of carcinoma
cells. Accordingly, this study addressed the synergetic action
of quercetin combined with BB-102 against HCC cells in vitro.
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MATERIALS AND METHODS
Agents
Quercetin was purchased from Sigma (St Louis, MO). Western
blot detection system ECL+plus Kit was purchased from
Amersham Pharmacia Biotech (Arlinton Heights, IL). GMCSF ELISA kit was bought from Genzyme (Cambridge, MA).
The TdT FragELTM DNA fragmentation detection kit was from
Calbiochem (Cambridge, MA). Ad-GFP (Ad5 vector
expressing green fluorescence protein) was kindly provided
by the Gene Therapy Unit, Baxter Healthcare Corporation,
USA. BB-102 was reconstructed by Dr ZH Qu. Quercetin was
dissolved in medium containing 0.1 % dimethyl sulfoxide
(DMSO), and the same concentration of DMSO was used in
control experiments.
Quercetin inhibits the growth of HCC cells
The BEL-7402, HLE and HuH-7 cell lines were seeded in 96well plates at a density of 5×10 3 cells/well. After 24 h, the
cells were exposed to various concentrations of quercetin from
3.125 µmol/L to 100 µmol/L. After 72 h, the number of viable
cells was determined by MTT assay.
Growth suppression in BB-102-infected HCC cells
HCC cell lines were seeded in six-well plates at a density of
5×105 cells/well. Twelve hours later, the cells were infected
with BB-102 and Ad-GFP at a MOI of 50 pfu/cell. Culture
medium was used for mock infection. Triplicate wells of each
treatment group were counted every 2 days for a total of four
times after infection. The viability of the cells was determined
by trypan blue exclusion.
Assay of apoptosis
Apoptosis induced by BB-102 was analyzed by terminal
deoxynucleotidyl transferase (TdT) assay. Briefly, HCC cells
were seeded in 12-well plates at a density of 5×10 cells/well.
After 24 h, they were infected with BB-102 or Ad-GFP at a
MOI of 50 pfu/cell. Culture medium was used for mock
infection. Seventy-two hours later, cell monolayers were fixed
with 4 % formaldehyde diluted in phosphate-buffered saline
(PBS) for 15 min at room temperature. Apoptosis of the cells
was detected using a TdT FragELTM DNA fragmentation
detection kit according to the protocol.
Cellular apoptosis induced by quercetin or quercetin
combined with BB-102 was analyzed by agarose gelelectrophoresis as described based on the pattern of DNA
cleavage. Briefly, cells (1×106) were lysed with 0.5 ml lysis
buffer, followed by the addition of RNase A to a final
concentration of 200 µg/ml, and incubated for 1 h at 37 .
Cells were then treated with 300 µg/ml of proteinase K for 1 h
at 37 . After addition of 4 µl loading buffer, 20 µl samples
in each lane were subjected to electrophoresis on a 1.5 %
agarose at 50 V for 3 h. DNA was stained with ethidium
bromide and laddering was visualized under UV light.
P53 gene expression by western blot
Three cell lines were seeded in 6-well plates at a density of
1×10 5 cells/well. Group II was treated with 100 µmol/L
quercetin, group III was infected with BB-102 at a MOI of 50
pfu/cell, group IV was infected with BB-102 and then treated
with 100 µmol/L quercetin, and group I was mock-infected
with culture medium infected with empty adenovirus vector
as control. After 48 h incubation, cells were washed with
phosphate buffered saline, disrupted by addition of lysing
buffer (100 mmol/L Tris·Cl pH 6.8,200 mmol/L DTT,4 %SDS,
0.2 % bromophenol blue, 20 % glycerol), and electrophoresed.
Western blot detection system ECL+plus Kit was used to
determine p53 expression according to the instruction manual.
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ELISA of GM-CSF gene expression
Expression of human GM-GSF was detected by enzyme-linked
immunosorbent assay. Briefly, the cells were seeded in 6-well
plates at a density of 1×106 cells/well. After 24 h, the cells
were infected with BB-102 at a MOI of 50 pfu/cell for 1 h,
then BB-102 suspensions were replaced with either culture
medium alone, or culture medium containing 100 µmol/L
quercetin. After 48 h, the suspension was collected. The GMCSF present in each suspension was quantified using the ELISA
kit according to the protocol.
FCM of B7-1 gene expression
HCC cells were seeded in 6-well plates at a density of 5×105
cells/well. After 24 h, the cells were either treated with 100
µmol/L quercetin, infected with BB-102 at a MOI of 50 pfu/
cell, or infected with BB-102 at a MOI of 50 pfu/cell then
treated with 100 µmol/L quercetin. Culture medium was used
for mock infection. After 48 h incubation, the cells were
collected. Cells were washed twice in PBS and resuspended in
PBS containing 1 % bovine serum albumin (BSA) prior to
incubation with anti-human B7-1 monoclonal antibody
(MoAb) for 30 min at 4 in the dark, followed by two washes
in PBS/BSA. The cells were stained with FITC-conjugated
goat anti-mouse IgG for 30 min at 4 . Nonspecific binding
was controlled by incubation with isotypic controls.
Fluorescence was measured with FACSCalibur flow cytometer
(Becton Dickinson).
Proliferation of cells treated with both quercetin and BB-102
HCC cells were seeded in 96-well plates at a density of 5×103
cells/well. After 24 h, cells were infected with Ad-GFP or BB102 at a MOI of 50 pfu/cell. Culture medium was used for
mock infection. After 48 h, cells were treated with various
concentrations of quercetin from 3.125 to 50 µmol/L. Culture
medium was used for mock treatment. After 72 h, the viable
cell numbers were tested by MTT assay.
RESULTS
Antitumor effect of quercetin on HCC cells
Quercetin was shown to inhibit HCC proliferation and induce
HCC apoptosis in vitro in a dose-dependent manner until it
reached peak inhibition at 50 µmol·L-1 (Figure 1).
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Figure 1 The suppressive effect of quercetin on the proliferation of BEL-7402, HLE and HuH-7 cell lines in vitro.

BB-102 inhibit the growth of HCC cells
Introduction of p53, GM-CSF and B7-1 through BB-102
infection led to significant suppression of growth proliferation
in BEL-7402, HLE and HuH-7 cells compared with those
infected with Ad-GFP or mock infected (Figure 2). Among them,
there was a lower suppression in BEL-7402 cell line compared
with HLE and HuH-7 cell lines (P<0.05), which might be related
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to the fact that BEL-7402 expresses an endogenous wild-type
p53, while HLE and HuH-7 both express endogenous mutant
p53, resulting in BEL-7402 being less sensitive to the effects of
the exogenous p53 protein expressed by BB-102.
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Figure 4 Effect of Que on the p53 expression in HCC cell lines
transfered with BB-102. (lane1: control; lane2: with Que; lane3:
with BB-102; lane4: with Que and BB-102).
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Quercetin does not affect exogenous gene expression in BB102-infected cells
Expression of exogenous P53 in BB-102-infected cells By
using Western blot analysis, high levels of p53 protein were
detected in BB-102-infected HCC cell lines. These levels were
not affected by treatment with quercetin (Figure 4).
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Figure 2 Proliferation inhibition of HCC cell lines transduced
with BB-102.
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BB-102 induces HCC cells apoptosis
As measured by TdT assay, apoptotic rates in BEL-7402, HLE
and HuH-7 cells lines were were 12.75 %, 57 % and 49.5 %,
respectively. This suggests that HLE and HuH-7 cells were
more sensitive to BB-102 than BEL-7402 cells.
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Quercetin induces apoptosis of HCC cells
DNA laddering (Figure 3) suggests that quercetin induces HCC
cell apoptosis, and that BB-102 further promoted the quercetintreated cell apoptosis.
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Figure 3 The promotion of Que on HCC cell apoptosis induced
by BB-102.

Figure 5 Synergetic effect of BB-102 on quercetin suppression
of growth of HCC cell lines.

Expression of exogenous GM-CSF protein in BB-102infected cells ELISA assay showed that a high-level expression
of GM-CSF was detected in the culture suspension of BB102-infected cells 48 h after infection. There was no statistical
difference in GM-CSF level between the cells treated with
quercetin and untreated cells (Table 1).
Expression of exogenous B7-1 protein in BB-102-infected
cells B7-1 gene expression was observed flow cytometric
analysis 48 h after BB-102 infection (Table 2). There was no
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significant difference in B7-1 expression between cells treated
with quercetin and untreated cells.
Table 1 Effect of Que on the GM-CSF expression in HCC cell
lines transferred with BB-102 (pg·L-1), (x±s), (n=6)
Cell line

Infected with BB-102

Infected with BB-102+Que

BEL-7402

118.9±29.9

147.7±13.2

HLE

209.6±55.7

248.3±15.9

HuH-7

250.7±21.9

283.7±21.6

Table 2 Effect of Que on the B7-1 expression in HCC cell lines
transfered with BB-102 (%) (n=4)
Cell line

Control

Que

BB-102

Que+BB-102

BEI-7402

10.0±2.5

11.2±1.7

80.0±10.3b

85.0±12.0b

HLE

15.3±2.1

14.0±2.0

31.0±7.8a

35.2±5.6b

HuH-7

20.0±2.6

22.0±3.0

59.8±8.5b

64.0±8.8b

a

P<0.01, bP<0.001, vs their controls

Quercetin enhances the inhibition of the proliferation in BB102-infected HCC cell lines
The proliferation suppression pattern of HCC cells treated with
quercetin was not significantly different between Ad-GFPinfected cells and Ad-mock infected cells. In contrast, BB102-infected cells showed a significant increase of suppression
when treated with quercetin. This implies that BB-102
transduction and quercetin treatment synergistically suppress
HCC proliferation (Figure 5). The control data indicates that it
was the exogenous gene expression that induced this effect,
not the adenovirus.
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questioned whether quercetin could reverse the multi-drug
resistance of HCC cells, perhaps through down-regulation of
mutated p53 or glycoprotein[53,59,60]. In addition to its possible
role in adjusting p53 levels, quercetin is also known to inhibit
the synthesis of HSP70 (heat shock protein 70) and change its
intracellular distribution. HSP70 is involved in apoptosis, and
the link between the two suggests that quercetin may be
involved in the induction of apoptosis[35,61].
We found enhancement of apoptosis and inhibition of the
proliferation of BB-102-infected HCC cell lines treated with
quercetin, suggesting that there is a synergetic anticancer effect
between quercetin and BB-102. There was no change in p53,
GM-CSF and B7-1 gene expressions in BB-102-infected HCC
cell lines following quercetin treatment, indicating that
quercetin did not affect exogenous gene expression in BB102-infected HCC cells. We believe it is possible that this
synergetic effect might be due to BB-102 transduction
promoting the chemosensitivity of HCC cells to quercetin, but
this and other mechanisms will need further study.
BEL-7402 cells were more sensitive to quercetin than HLE
and HuH-7 cells. At a concentration of 50 umol/L quercetin
(peak proliferation inhibition), proliferation inhibition was
78 %, 33 % and 24 % for BEL-7402, HLE and HuH-7,
respectively. Our previous studies have shown that the doubling
time of BEL-7402 is the shortest among these cells. This
suggests that the cells that proliferate quickly are more sensitive
to quercetin in this study. In addition, quercetin induced
apoptosis in HCC cells at G1 and S in a dose- and timedependent manner, and the effect was enhanced by BB-102
infection. This enhancement was less in BEL-7402, possibly
due to its wild-type endogenous p53 status[62]. Overall, HCC
cells treated with both quercetin and BB-102 showed inhibition
of proliferation and increased apoptosis, suggesting that
quercetin may be useful as an adjuvant in chemotherapy
treatment of HCC patients. The combination of quercetin and
BB-102 transduction is a promising new strategy for the
treatment of typically chemo-resistant hepatomas.

REFERENCES
DISCUSSION
Gene therapy, the introduction of functional genes into cells
to treat or prevent a disease, is a promising approach for the
treatment of human cancer. In an effort to explore potential
gene therapy approaches to the treatment of stubborn HCC,
we investigated the synergetic effects of dietary component
(quercetin) plus gene transfer (BB-102 infection). BB-102 is a
recombinant adenoviral vector expressing the genes for human
wild-type p53, GM-CSF and B7-1[23]. Our study showed that
BB-102 infection arrested the growth of HCC cells lines BEL7402, HLE, HuH-7, and induced their apoptosis by the
expression of exogenous wild-type p53 (a transcriptional
activator that induces cell cycle arrest and apoptosis[48-50]). BB102 also enhanced immunogenicity of HCC cells and improved
host antitumor immune reaction.
We then examined the possible synergy between these
exogenous genes and quercetin, which is thought to have a longterm preventive effect on chemical carcinogenesis, especially
in people who eat a diet rich in fruits and vegetables[30,31,36,51,52].
Previously, we had found that antineoplastic drug concentrations
exerting cytotoxic activity were markedly lower when cells
were pretreated with quercetin[28,35]. In addition, quercetin has
been shown to inhibit the growth of human breast cancer cell
line MDA-MB468 in a dose-dependent fashion by specifically
inhibiting the expression of mutant p53 in cellular
transformation[53]. Because HCC patients are generally resistant
to chemotherapy (possibly due to the loss of a functional p53
gene[54], which is known to occur in 50 % of cancers[55-58]), we

1
2
3
4
5
6
7
8
9
10
11

12
13

Venook AP. Hepatocellular carcinoma. Curr Treat Options Oncol
2000; 1: 407-415
Mohr L, Geissler M, Blum HE. Gene therapy for malignant liver
disease. Expert Opin Biol Ther 2002; 2: 163-175
Peller S. Clinical implications of p53: effect on prognosis, tumor
progression and chemotherapy response. Semin Cancer Biol 1998;
8: 379-387
Friess H, Kleeff J, Korc M, Buchler MW. Molecular aspects of
pancreatic cancer and future perspectives. Dig Surg 1999; 16:
281-290
Rocco JW, Sidransky D. p16(MTS-1/CDKN2/INK4a) in cancer
progression. Exp Cell Res 2001; 264: 42-55
Canote R, Du Y, Carling T, Tian F, Peng Z, Huang S. The tumor
suppressor gene RIZ in cancer gene therapy (review). Oncol Rep
2002; 9: 57-60
Farid NR. P53 mutations in thyroid carcinoma: tidings from an
old foe. J Endocrinol Invest 2001; 24: 536-545
Muschen M, Warskulat U, Beckmann MW. Defining CD95 as a
tumor suppressor gene. J Mol Med 2000; 78: 312-325
Behrens J. Cadherins and catenins: role in signal transduction
and tumor progression. Cancer Metastasis Rev 1999; 18: 15-30
Wu Q, Moyana T, Xiang J. Cancer gene therapy by adenovirusmediated gene transfer. Curr Gene Ther 2001; 1: 101-122
Xu GW, Sun ZT, Forrester K, Wang XW, Coursen J, Harris CC.
Tissue-specific growth suppression and chemosensitivity promotion in human hepatocellular carcinoma cells by retroviral-mediated transfer of the wild-type p53 gene. Hepatology 1996; 24:
1264-1268
Qin LX, Tang ZY. The prognostic molecular markers in hepatocellular carcinoma. World J Gastroenterol 2002; 8: 385-392
Buendia MA. Genetics of hepatocellular carcinoma. Semin Can-

Shi M et al. Quercetin and gene therapy on hepatocellular carcinoma cells

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

cer Biol 2000; 10: 185-200
Yu JS, Burwick JA, Dranoff G, Breakefield XO. Gene therapy for
metastatic brain tumors by vaccination with granulocyte-macrophage colony-stimulating factor-transduced tumor cells. Hum
Gene Ther 1997; 8: 1065-1072
Hogge GS, Burkholder JK, Culp J, Albertini MR, Dubielzig RR,
Keller ET, Yang NS, MacEwen EG. Development of human granulocyte-macrophage colony-stimulating factor-transfected tumor
cell vaccines for the treatment of spontaneous canine cancer. Hum
Gene Ther 1998; 9: 1851-1861
Lu L, Hsieh M, Oriss TB, Morel PA, Starzl TE, Rao AS, Thomson
AW. Generation of DC from mouse spleen cell culture in response
to GM-CSF: Immunophenotypic and functional analyses. Immunology 1995; 84: 127-134
Ogawa T, Kusumoto M, Mizumoto K, Sato N, Tanaka M. Adenoviral GM-CSF Gene Transduction into Breast Cancer Cells Induced Long-Lasting Antitumor Immunity in Mice. Breast Cancer
1999; 6: 301-304
Felzmann T, Ramsey WJ, Blaese RM. Anti-tumor immunity generated by tumor cells engineered to express B7-1 via retroviral or
adenoviral gene transfer. Cancer Lett 1999; 135: 1-10
Horig H, Lee DS, Conkright W, Divito J, Hasson H, LaMare M,
Rivera A, Park D, Tine J, Guito K, Tsang KW, Schlom J, Kaufman
HL. Phase I clinical trial of a recombinant canarypoxvirus
(ALVAC) vaccine expressing human carcinoembryonic antigen
and the B7.1 co-stimulatory molecule. Cancer Immunol Immunother
2000; 49: 504-514
Takahashi T, Hirano N, Takahashi T, Chiba S, Yazaki Y, Hirai
H. Immunogene therapy against mouse leukemia using B7
molecules. Cancer Gene Ther 2000; 7: 144-150
Nakatsuka K, Sugiyama H, Nakagawa Y, Takahashi H. Purification of antigenic peptide from murine hepatoma cells recognized by class- major histocompatibility complex moleculerestricted cytotoxic T-lymphocyte induced with B7-1-gene-transfected hepatoma cells. J Hepatol 1999; 30: 1119-1129
Kim KY, Kang MA, Nam MJ. Enhancement of natural killer cellmediated cytotoxicity by coexpression of GM-CSF/B70 in
hepatoma. Cancer Lett 2001; 166: 33-40
Qiu ZH, Lao MF, WU ZZ. Construction of recombinant adenovirus co-expressing human wild-type p53, GM-CSF and B71genes. Zhongguo Shengwuhuaxue Yu Fengzishengwu Xuebao 2001;
17: 33-38
Qiu ZH, Lao MF, Wang YF, Wu ZZ. Adenovirus mediate
multigenes expressing in lung cancer and inducing apoptosis.
Zhongguo Zhongliu Shengwuzhiliao Zazhi 1999; 6: 83-86
Qiu ZH, Lao MF, Wu ZZ. Co-transfer of human wild-type p53
and granulocyte-macrophage colony-stimulating factor genes via
recombinant adenovirus induces apoptosis and enhances immunogenicity in laryngeal cancer cells. Cancer Lett 2001; 167: 25-32
Larocca LM, Teofili L, Sica S, Piantelli M, Maggiano N, Leone G,
Ranelletti FO. Quercetin inhibits the growth of leukemic progenitors and induces the expression of transforming growth factorbeta 1 in these cells. Blood 1995; 85: 3654-3661
Scambia G, Panici PB, Ranelletti FO, Ferrandina G, De Vincenzo
R, Piantelli M, Masciullo V, Bonanno G, Isola G, Mancuso S.
Quercetin enhances transforming growth factor beta 1 secretion
by human ovarian cancer cells. Int J Cancer 1994; 57: 211-215
Ranelletti FO, Ricci R, Larocca LM, Maggiano N, Capelli A,
Scambia G, Benedetti-Panici P, Mancuso S, Rumi C, Piantelli M.
Growth-inhibitory effect quercetin and presence of type
estrogen-binding sites in human colon-cancer cell lines and primary colomrectal tumors. Int J Cancer 1992; 50: 486-492
Choi JA, Kim JY, Lee JY, Kang CM, Kwon HJ, Yoo YD, Kim TW,
Lee YS, Lee SJ. Induction of cell cycle arrest and apoptosis in
human breast cancer cells by quercetin. Int J Oncol 2001; 19: 837844
Pawlikowska-Pawlega B, Jakubowicz-Gil J, Rzymowska J,
Gawron A. The effect of quercetin on apoptosis and necrosis induction in human colon adenocarcinoma cell line LS180. Folia
Histochem Cytobiol 2001; 39: 217-218
Kampa M, Hatzoglou A, Notas G, Damianaki A, Bakogeorgou

32

33

34

35

36

37
38

39

40

41

42

43

44

45

46

47

48
49

50
51

52
53

54

77

E, Gemetzi C, Kouroumalis E, Martin PM, Castanas E. Wine antioxidant polyphenols inhibit the proliferation of human prostate cancer cell lines. Nutr Cancer 2000; 37: 223-233
Iwashita K, Kobori M, Yamaki K, Tsushida T. Flavonoids inhibit cell growth and induce apoptosis in B16 melanoma 4A5
cells. Biosci Biotechnol Biochem 2000; 64: 1813-1820
Uddin S, Choudhry MA. Quercetin, a bioflavonoid, inhibits the
DNA synthesis of human leukemia cells. Biochem Mol Biol Int
1995; 36: 545-550
Caltagirone S, Rossi C, Poggi A, Ranelletti FO, Natali PG, Brunetti
M, Aiello FB, Piantelli M. Flavonoids apigenin and quercetin inhibit melanoma growth and metastatic potential. Int J Cancer
2000; 87: 595-600
Sliutz G, Karlseder J, Tempfer C, Orel L, Holzer G, Simon MM.
Drug resistance against gemcitabine and topotecan mediated by
constitutive hsp70 overexpression in vitro: implication of quercetin as sensitiser in chemotherapy. Br J Cancer 1996; 74: 172-177
Yang CS, Landau JM, Huang MT, Newmark HL. Inhibition of
carcinogenesis by dietary polyphenolic compounds. Annu Rev
Nutr 2001; 21: 381-406
Wang HK. The therapeutic potential of flavonoids. Expert Opin
Investig Drugs 2000; 9: 2103-2119
Asaum J, Matsuzaki H, Kawasak S, Kuroda M, Takeda Y, Kishi
K, Hiraki Y. Effects of quercetin on the cell growth and the intracellular accumulation and retention of adriamycin. Anticancer Res
2000; 20: 2477-2483
Damianaki A, Bakogeorgou E, Kampa M, Notas G, Hatzoglou
A, Panagiotou S, Gemetzi C, Kouroumalis E, Martin PM, Castanas
E. Potent inhibitory action of red wine polyphenols on human
breast cancer cells. J Cell Biochem 2000; 78: 429-441
Yamashita N, Kawanishi S. Distinct mechanisms of DNA damage in apoptosis induced by quercetin and luteolin. Free Radic
Res 2000; 33: 623-633
Musonda CA, Helsby N, Chipman JK. Effects of quercetin on drug
metabolizing enzymes and oxidation of 2’,7-dichlorofluorescin in
HepG2 cells. Hum Exp Toxicol 1997; 16: 700-708
Exon JH, Magnuson BA, South EH, Hendrix K. Dietary quercetin,
immune functions and colonic carcinogenesis in rats.
Immunopharmacol Immunotoxicol 1998; 20: 173-190
Drewa G, Wozqak A, Palgan K, Schachtschabel DO, Grzanka A,
Sujkowska R. Influence of quercetin on B16 melanotic melanoma
growth in C57BL/6 mice and on activity of some acid hydrolases in melanoma tissue. Neoplasma 2001; 48: 12-18
Weber G, Shen F, Yang H, Prajda N, Li W. Regulation of signal
transduction activity in normal and cancer cells. Anticancer Res
1999; 19: 3703-3709
Weber G, Shen F, Prajda N, Yeh YA, Yang H, Herenyiova M,
Look KY. Increased signal transduction activity and down-regulation in human cancer cells. Anticancer Res 1996; 16: 3271-3282
Richter M, Ebermann R, Marian B. Quercetin-induced apoptosis
in colorectal tumor cells: possible role of EGF receptor signaling.
Nutr Cancer 1999; 34: 88-99
Shen F, Herenyiova M, Weber G. Synergistic down-regulation
of signal transduction and cytotoxicity by tiazofurin and quercetin in human ovarian carcinoma cells. Life Sci 1999; 64: 1869-1876
Levine AJ. p53, the cellular gatekeeper for growth and division.
Cell 1997; 88: 323-331
Greenblatt MS, Bennett WP, Hollstein M, Harris CC. Mutation
in the P53 tumor supressor gene: clues to cancer etiology and
molecular pathogenesis. Cancer Res 1994; 54: 4855-4878
Hui AM, Makuuchi M, Li X. Cell cycle regulators and human
hepatocarcinogenesis. Hepatogastroenterology 1998; 45: 1635-1642
Yang CS, Landau JM, Huang MT, Newmark HL. Inhibition of
carcinogenesis by dietary polyphenolic compounds. Annu Rev
Nutr 2001; 21: 381-406
Hollman PC, Katan MB. Health effects and bioavailability of dietary flavonols. Free Radic Res 1999; 31 (Suppl): S75-80
Avila MA, Velasco JA, Cansado J, Notario V. Quercetin mediate
the down-regulation of mutation p53 in the human breast cancer call line MDA-MB468. Cancer Research 1994; 54: 2424-2428
Thottassery, Zambetti GP, Arimori K, Schuetz EG, Schuetz JD.

78

55

56

57

58

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

p53-dependent regulation of mdr1 gene expression causes selective resistance to chemotherapeutic agents. Proc Natl Sci USA
1997; 94: 11037-11042
Wang D, Shi JQ. Overexpression and mutations of tumor suppressor gene p53 in hepatocellular carcinoma. China Natl J New
Gastroenterol 1996; 2: 161-164
Wang XJ, Yuan SL, Li CP, Iida N, Oda H, Aiso S, Ishikawa T.
Infrequent p53 gene mutation and expression of the cardia adenocarcinomas from a high incidence area of Southwest China.
Shijie Huaren Xiaohua Zazhi 2000; 6: 750-753
Li ZX, Liu PY, Xu WX, Cong B, Ma ZX, Li Y. p53 gene mutations
in primary gastric cancer. China Natl J New Gastroenterol 1996; 2:
41-43
Peng XM, Peng WW, Yao JL. Codon 249 mutations of p53 gene
in development of hepatocellular carcinoma. World J Gastroenterol

59

60

61

62

January 15, 2003 Volume 9 Number 1

1998; 4: 125-127
Scambia G, Ranelletti FO, Panici PB, De Vincenzo R, Bonanno
G, Ferrandina G, Piantelli M, Bussa S, Rumi C, Cianfriglia M.
Quercetin potentiates the effect of adriamycin in a multidrugresistant MCF-7 human breast-cancer cell line: P-glycoprotein as
a possible target. Cancer Chemother Pharmacol 1994; 34: 459-464
Beniston RG, Morgan IM, O'Brien V, Campo MS. Quercetin, E7
and p53 in papillomavirus oncogenic cell transformation. Carcinogenesis 2001; 22: 1069-1076
Wei YQ, Zhao X, Kariya Y, Fukata H, Teshigawara K, Uchida A.
Induction of apoptosis by quercetin: Involvement of heat shock
protein. Cancer Research 1994; 54: 4952-4957
Shi M, Wang FS, Liu MX, Jin L, Shi H, Lei ZY. The examination
of p53 gene status in BEL-7402，HLE and HuH-7cells. Shijie Huaren
Xiaohua Zazhi 2001; 9: 1330-1332
Edited by Wu XN

P.O.Box 2345, Beijing 100023,China
Fax: +86-10-85381893
E-mail: wcjd@public.bta.net.cn www.wjgnet.com

World J Gastroenterol 2003;9(1):79-83
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• LIVER CANCER •

Construction of IL-2 gene-modified human hepatocyte and its
cultivation with microcarrier
Nan-Hong Tang, Yian-Ling Chen, Xiao-Qian Wang, Xiu-Jin Li, Feng-Zhi Yin, Xiao-Zhong Wang
Nan-Hong Tang, Xiao-Qian Wang, Yian-Ling Chen, Xiu-Jin Li,
Feng-Zhi Yin, Hepato-Biliary Surgery Institute of Fujian Province,
Union Hospital Affiliated to Fujian Medical University, Fuzhou
350001, Fujian Province, China
Xiao-Zhong Wang, Gastroenterology Department, Union Hospital
Affiliated to Fujian Medical University, Fuzhou 350001, Fujian
Province, China
Supported by Science and Technology Development Foundation of
Fujian Province, No. 98-Z-214
Correspondence to: Nan-Hong Tang, Hepato-Biliary Surgery
Institute of Fujian Province, Union Hospital, 29 Xinquan Road,
Fuzhou 350001, Fujian Province, China. fztnh@sina.com
Telephone: +86-591-3671667
Received: 2002-08-24 Accepted: 2002-10-12

Abstract
AIM: To construct interleukin-2 gene-modified human
hepatocyte line (L-02/IL-2) and investigate the changes of
the function of liver cells and IL-2 secretion in culture with
microcarrier,laying the foundation for further experimentation
on hepatocyte transplantation.
METHODS: hIL-2 gene was transduced into L-02
hepatocytes by recombinant retroviral vector pLNCIL-2, and
the changes of morphology and clonogeneicity rate of the
transduced cells were observed, the secretion levels of hIL2 in cultural supernatant were detected by ELISA and NeoR
gene was amplified by PCR. The growth of L-02/IL-2, the
special biochemistry items and the levels of IL-2 were
detected after cultivation with microcarrier.
RESULTS: The clonogeneicity rate of the L-02/IL-2 cells
was lower than that of L-02/Neo cells and L-02 cells. The
levels of hIL-2 could reach 32 000 pg/106 cells per day and
kept secreting for more than ten weeks. NeoR gene segment
was respectively obtained by PCR from both L-02/IL-2 and
L-02/Neo cell’s genomic DNA. At the 6th day in culture with
microcarrier, the matrix-induced liver cell aggregates were
formed, the number of alive L-02/IL-2 cell were 16.8±0.53
×106/flask and the levels of ALB and UREA were 52.54±1.28
mg/L and 5.29±0.17 mmol/L, respectively. These data had
not significantly changed as compared with those of L-02
cells (P>0.05); However, the levels of IL-2 in IL-2/L-02 cells
remarkably exceeded that in L-02 cells in the whole culture
process (P<0.001).
CONCLUSION: The IL-2 gene-modified hepatocyte line has
been successfully constructed. The L-02/IL-2 cellular
aggregates cultured with microcarrier have a high capacity
of IL-2 production as well as protein synthesis and amino
acid metabolism.
Tang NH, Chen YL, Wang XQ, Li XJ, Yin FZ, Wang XZ. Construction
of IL-2 gene-modified human hepatocyte and its cultivation with
microcarrier. World J Gastroenterol 2003; 9(1): 79-83
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INTRODUCTION
Gene therapy has become an important therapeutic alternative
in recent years, thanks to the growing improvement of genetransduction techniques in eukaryotic cells. There are a large
number of proteins expression in hepatocyte with high levels,
and many genes that are involved in metabolism also express
in hepatocytes, so hepatocyte is one of the crucial tools for
gene therapy[1], for example, the therapeutic implement for
patient with hyperbilirubinemia by hepatocyte transplantation
after gene modification in vitro, which was approved by FDA[2].
As an important approach for inhibiting the growth of tumor,
immune therapy of cytokines further broadens the prospect of
clinical application of hepatocytes and gene therapy of cytokines.
Recent studies have demonstrated the feasibility of cytokine gene
transferrence to enhance the antitumor activities of host immune
cell[3]. With regards to therapy for hepatocarcinoma, there are
many good results obtained from the study of hepatocarcinoma
cells modified by cytokine genes[4-11], especially using IL-2 gene
modified hepatocarcinoma cells that conquered the substantial
toxicity from administration of high doses of IL-2[9,12]. However,
few studies focus on the antitumor immune function of
hepatocyte transduced with cytokine gene in hepatocyte
transplantation. In this study, IL-2 gene was transduced into
human hepatocyte line L-02 by recombinant retroviral vector.
The experiments of its biologic activities and cultivation with
microcarrers were performed, laying the foundation for further
experimentation on hepatocyte transplantation.
MATERIALS AND METHODS
Material
Human hepatocyte line L-02, amphotropic packaging cell
PA317 and mouse fibroblast cell line NIH3T3 were purchased
from Shanghai Cell Biology Institute, Chinese Academy of
Science and grown in DF medium (DMEM: Ham’s F12=3:1)
containing 100 mL·L-1 fetal calf serum, penicillin 1×105U·L-1
and streptomycin 100 mg·L-1 .The cells were kept at 37 in a
50 mL/LCO2 humidified atmosphere and subcultered from one
to three when the cells proliferated into a full monolayer.
Recombitant retroviral vector, LNCX and LNCIL-2, were
kindly provided by Prof. Joo Hang Kim from Yonsei University
in Korea. Plasmid extraction and purification kit, Wizard® Plus
SV Minipreps DNA, and transfection kit TransFastTM were
from Promega. hIL-2 ELISA kit was purchased from Jingmei
Biological Engineering, Shenzhen. Microcarrier Cytodex3 was
from Pharmasia. Poly-HEMA, DMEM and Ham’s F12 medium
were the products of Sigma. Calf serum were purchased from
Four Season Green Biological Co., Hangzhou, China.
Methods
Construction of recombitant retrovirus producer cell line
Transformation of recombitant retroviral vector was performed
as previously described[13]. The extraction and purification of
the product was operated according to the manufacturer’s
protocol. The purified products were quantitated by
spectrophotometer (DU 640), digested with Hind
at 37
for 2 h and identified by eletrophoresis through a 10 g/L
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formaldehyde agarose gel. The amphotropic packaging cells
PA317 were plated into 12-well plates and cultured till nearly
60-70 % confluence. Then LNCX or LNCIL-2 transduction
to PA317 cell line was made with lipo-transfection technique.
The PA317/Neo and PA317/IL-2 cell clones which produced
pLNCX and pLNCIL-2 were respectively selected by G418
and subcultured for amplification in G418-free DF media for
24 h. Furthermore, the supernatant of above cells containing
recombitant retrovirus were collected, and the retrovirus titer
was detected by NIH3T3 cells according to that described[14],
quantitated highest titer was kept at -70 .
Transduction of IL-2 gene into the hepatocyte cell line The
L-02 hepatocyte line were grown to a confluence of 60-70 %
in 24-well plate. The supernatant were discarded and replaced
with 1 mL recombitant retroviral supernatant supplemented
with 8 µg of Polybrene. Two hours later, 2 mL fresh DF media
containing 800 mg/L were added and cultured at 37 for 24 h.
The whole process of the cell clone against G418 selection
lasted 15 days followed by amplified cultivation.
Growth of transfected cells The growth of transfected cells
were observed and photographed, total of 3×103 L-02, L-02/
Neo and L-02/IL-2 cells were put into the media respectively
with a final volume of 200 µL, and then plated on a 96-well
plate and incubated at 37
in 5 mL/LCO 2 humidified
atmosphere for 7 days. Each group had six wells. The assay of
cell proliferation was performed by MTT every 24 h. Briefly,
20 µL of 5 g/L MTT were added into each well and cultured
for another 4 h. The supernatant was discarded and replaced
with 200 µL of dimethyl sulfoxide (DMSO). When the crystals
were dissolved, the absorbance (A) value of the slides was read
at 490 nm. In addition, 1×103 cells per well of the three kinds
of cell were plated into 24-well plate in 1 mL media and cultured
for 7 days, respectively. The colonogeneicity rate (CR) of
transferred cells were calculated by using the following
equation: CR=(average clones per well/1000)×100 %.
NeoR gene analysis of the transfected cells by PCR The
total genomic DNA were extracted from 1.0×106 of L-02, L02/Neo and L-02/IL-2 cells in 200 mL TE buffer respectively,
then quantitated by spectrophotometer and digested with
BamHＩ. The NeoR gene was amplified under following
conditions: denaturation at 94 for 5 min followed by 94
1 min,62 1 min and 72 1 min 15 s for 30 cycles. The sequence
of NeoR gene primers and length of PCR products were as follows:
forward-5’-CAAGATGGATTGCACGCAGG-3’and reverse5’-CCCGCTCAGAAGAACTCGTC-3’, size,790 bp. For
analysis, 10 µL of reaction product were checked in 10 g/L
agarose gel with ethidium bromide staining and followed by
camera photographing.
Detection of the levels of hIL-2 secreted by the transduced
cells The supernatant of 1.0×106 of L-02, L-02/Neo and L02/IL-2 cells that cultured in flask for 24 h were obtained and
after centrifugation. L-02/IL-2 cells were
stored at -70
especially cultured for 10 wk and the supernatants were
collected every week. The levels of hIL-2 were measured by
ELISA according to the manufacturer’s protocol.
Cultivation with microcarriers All glassware with which
Cytodex3 came into contact, should be siliconized before use.
The hydration of Cytodex3 was carried out as the protocol.
Briefly, 200 mg Cytodex3 were dipped in Ca2+ and Mg2+-free
PBS in a siliconized container overnight and sterilized by
autoclaving, then replaced with fresh DF media; The flasks
were covered with 0.1 mL/cm2 120 g/L Poly-HEMA dissolved
in ethanol and then air-dried sterilizedly. The hydrated
Cytodex3, 20 mg a flask, along with L-02 and L-02/IL-2 cells,
3.0×106 a flask in 2 mL media, were seeded into Poly-HEMA
covered flasks, respectively. Each group had five bottles. They
were all cultured in incubator at 37 for 4 h following shakes
twice for 1 min every 4 h, the media were replaced every 24 h,
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and the supernatants were kept at -70
after centrifugation
at 1000r/min.
Morphologic observation and cell proliferation The culture
process was observed and photographed. The cell samples at
6th day were fixed by 25 g/L glutaraldehyde and observed by
HU-12A electronmicroscope. The proliferation was performed
as follows: (1) 100 µL cell suspension were taken out from every
flask at day 2, 4, 6, 8 and 10 in culture and added into a new
flask without Poly-HEMA; (2) When all microcarriers went
down, the supernatants were discarded, 100 µL 2.5 g/L trypsinase
were added and cultured at 37 for 5 min; (3)After 100 µL DF
media were added for termination of trypinization, the flasks
were put up slowly with all microcarriers anchored to the bottom
of the flask, and the supernatant were rapidly dipped out for cell
calculation with trypan blue dye exclusion method.
Measurement of biochemical items and IL-2 in the
supernatant With γ calculator (SN-682), the concentration of
human ALB was detected by RIA kit from North Biotechnique
Institute, Beijing, others as UREA (BUN×2.14), AST and LDH
were measured by biochemical autoanalyzer(CX 7, Beckman).

RESULTS
Identification of amplified retroviral vector
The amplified products of LNCX and LNCIL-2 were digested
with Hind , and then checked with 20 g/L agarose gel
electrophoresis (Figure1). The length of LNCX (6 620 bp) and
LNCIL-2 (7 293 bp) were identical with that predicted, showing
the success of amplification, extraction and purification.
1

2

3

4

bp
8453
7242
6369
5687
4822
4324
3675
2323
1929

1371
1264

Figure 1 Restriction enzyme analysis of pLNCX and pLNCIL-2

Cultivation of virus producer cell and measurement of viral
concentration
21 and 25 anti-G418 clones appeared after PA317 cells were
transduced by LNCX and LNCIL-2 and cultured in media
containing 800 mg/L of G418 for 2 weeks. 10 clones selected
were performed amplified culture, respectively. The titer of
retrovirus of all collected supernatants was between 5.4×107
cfu/Land 1.4×109 cfu/L.
Morphological changes
Under the light microscope, L-02 cells were seen flake-like
growth (Figure 2A), L-02/Neo and L-02/IL-2 cells represented
the trend of island-like growth with clear margin (Figure 2B).
The growing speed of L-02/IL-2 cells was slightly slower than
that of L-02 and L-02/Neo cells (Figure 3). Clonogeneicity
rate of the L-02 /IL-2 cells were significantly lower than those
of L-02/Neo and L-02 cells (P<0.01) (Table 1).
PCR analysis of NeoR gene
NeoR gene segment (790 bp) was amplified by PCR from
genomic DNA of L-02/Neo and L-02/IL-2 cells and tested with
20 g/L agarose gel electrophoresis, but none from L-02 cells
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(Figure 4). These suggested that LNCX and LNCIL-2 were
successfully integrated into the genome of L-02 cells.

Table 1 The clnongeneicity rate of L-02/IL-2, L-02/Neo and
L-02 cells

IL-2 secretion from IL-2 transduced hepatocyte line
After IL-2 transduction and G418 selection using LNCX and
LNCIL-2 retroviral vector, maximal amount of IL-2 production
in L-02/IL-2 cells was 32 000 pg/106 cells·24 h, remarkably
exceeding 56 pg/106 cells·24 h in L-02 cells and 48 pg/106
cells·24 h in L-02/Neo cells. Moreover, more than ten weeks
later the levels of hIL-2 could rise to 27 500 pg/106 cells·24 h.

No. of repeated wells
1
2
3
4
5
6
Mean value
b

A

L-02/IL-2
124
135
133
144
128
123
131.2(13.1%)b

L-02/Neo

L-02

148
150
144
157
154
144
141
153
166
162
152
156
150.8(15.1%) 153.7(15.4%)

P<0.01, vs L-02/Neo and L-02 cells

Morphology and proliferation of cells in culture with microcarrier
After cultivation with microcarrier for 4 h, all the cells anchored
to microcarriers. At the 4th day 70 % of microcarriers were
filled with cells, at the 6th day all microcarriers’s surface were
full of cells or cellular mass (Figure5), at the 8th day some
dead cells could be seen shedded from microcarriers. Under
the electronmicroscope, L-02 and L-02/IL-2 cells had normal
super-microstructure, such as integral cell membrane, affluent
mitochondria, glycogen and rough endoplasmic reticulum
(Figure 6); 3) L-02 and L-02/IL-2 began an exponential
growth after two days in culture. At the 6th day, the number
of alive L-02 was 17.1±0.76×10 6/flask and L-02/IL-2 was
16.8±0.53×106/flask. At the day of 10, the number of alive cells
were 6.1±0.34×106/flask and 5.9±0.52×106/flask, respectively.

B

Figure 2 Morphological changes of cultured L-02/IL-2 and L02 cells at 24 hours (×100). A: L-02/IL-2 cells; B: L-02 cells
1.4
L-02/IL-2 cells

A 490nm value

1.2
L-02/Neo cells
1.0

L-02 cells

Figure 5 Hepatocytes-anchored microcarriers linked in mass(×200)
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Figure 3 The growth curves of L-02/IL-2, L-02/Neo and L-02 cells
1
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Figure 4 Integration of NeoR gene celL’s genomic DNA by PCR. 1: L02/IL-2 cells; 2: L-02/Neo cells; 3: L-02 cells; 4: PCR DNA marker

Figure 6 Hepatocyte with normal super-microstructures tightly
anchors microcarrier ( ) (×15 000)

Values of biochemical items and IL-2 in the supernatant
The trend levels of ALB and UREA of L-02/IL-2 cells were
consistent with the cell proliferation. The values reached the
peak at the 6th day and decreased with growing cell death. The
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Table 2 Values of biochemical items and IL-2 in supernatant of L-02/IL-2 cells cultured with microcarrier
Cultivation of day

ALB(mg/L)
L-02
L-02/IL-2
UREA(mmol/L)
L-02
L-02/IL-2
AST(IU/L)
L-02
L-02/IL-2
LDH(IU/L)
L-02
L-02/IL-2
IL-2 (pg/L)
L-02
L-02/IL-2
b

0

2

4

6

0
0

8.58±0.30
8.23±0.39

25.01±0.50
26.14±0.33

53.81±1.64
52.54±1.28

39.13±1.22
40.42±1.15

12.16±0.68
11.87±0.51

0.64±0.03
0.60±0.05

0.90±0.06
0.85±0.03

2.45±0.14
2.57±0.23

5.35±0.13
5.29±0.17

2.92±0.11
2.93±0.14

1.15±0.07
1.08±0.09

1.0±0.58
1.0±0.43

3.3±0.75
3.5±0.93

14.0±0.58
15.1±0.65

17.6±0.98
18.6±0.72

46.6±1.62
47.0±1.69

70.3±1.80
72.1±2.04

15.9±0.69
14.5±0.62

25.3±0.95
25.0±1.05

63.0±1.41
64.6±1.57

87.4±2.07
88.7±2.35

522±11.7
534±14.6

687±13.4
694±15.7

0
0

<10
6 456±373b

78.3±3.5
52 180±1483b

43.6±3.1
38 643±1104b

21.7±1.8
4 360±587b

33.2±2.6
23 765±688b

8

10

P<0.001, vs L-02 cells.

levels of AST and LDH elevated slowly before the 6th day and
rapidly increased with the cell death after the peak of growth.
These data had not significantly changed as compared with L02 cells. However, the levels of IL-2 in IL-2/L-02 cells
remarkably exceeded that in L-02 cells in the whole cultural
process (P<0.001) (Table 2).

DISCUSSION
IL-2, an important regulatory factor in immune network, can
induce proliferation of T cell and enhance the immune response
function of T cell, B cell, NK cell and monocytes. It plays an
important role in antitumor and antiinfection immune function
in the body[15-17]. As one of the most therapeutically effective
genes, IL-2 gene has been transduced into a varieties of cells
in research[8,12,18]. Recently, there were some reports about direct
injection of viral vector that expressed IL-2 gene for therapy
of hepatocarcinoma[7]. Worldwide, 80 % of gene-therapy
projects that were applied clinically with approval were using
retroviral vector, for example, LNCX, LXCN, LXSN LNSX,
etc.[19,20]. LNCX, which contained the immediate early promoter
of human cytomegalovirus (CMV), was not limited by cell
type or animal species and it was more powerful than the other
types of enhancer[21]. In our study, LNCX, and its derivation
LNCIL-2 were transduced into human hepatocyte line L-02.
Clonogeneicity rate of the L-02 /IL-2 cells were obviously
lower than that of L-02/Neo cells and L-02 cells, due to the
change of function of IL-2 as an inhibited signal in cell
proliferation. The levels of IL-2 in supernatant of L-02/IL-2
cells were remarkably higher than that of L-02/Neo cells and
L-02 cells, and the L-02/IL-2 cells could secrete IL-2 for more
than ten weeks. These data showed that IL-2 gene was
successfully integrated into the genome of L-02 cells.
Highly differentiated liver cell line were easy to proliferate
in culture in vitro, and had many features of normal hepatocyte,
so the construction of hepatocyte line is a very significant
subject[22]. Japanese scholars had constructed immortalized
hepatocyte lines and used them for hepatocyte transplantation
and bioartificial liver system with high efficacy[23-26]. In this
study, the hepatocyte line we used, L-02, was histologically
originated from normal human liver tissue and immortalized.
High levels of ALB and UREA reflected the cell’s good

biological activity in protein synthesis and amino acid
metabolism. When IL-2 gene was inserted, these characteristics
were not notably changed.
As a alternative for amplifying the number of cells, the
technique of cultivation with microcarrier is increasingly
playing an important role in bio-engineering. For example,
researchers can use it to produce monoclonal antibody [27],
hormone[28], vaccine[29], cytokine[30] and even viral vector for
gene therapy[31], and moreover use it to culture hepatocyte for
bioartificial liver system[32,33] or hepatocyte transplantation[34,35]
for clinical use. Regardless of the type of liver cell, two
requirements must be considered: First, the number of cell is
adequate and easily available. Second, the cells should form
congeries, because the work of hepatocytes depends on the
contact between the cells or cell and the matrix. With chargesfree, Cytodex3, formed by chemically coupling a thin layer of
denatured collagen to the cross-linked dextran matrix, has a
good adhesive character. So Cytodex3 became the core of
hepatocyte aggregation and gradually formed the matrixinduced liver cell aggregates (MILCA)[36].
The significances of construction of L-02/IL-2 cell are as
follow. Theoretically, if hepatocytes modified by IL-2 gene
can be transplanted into a patient with HCC who is subjected
to operation, these cells might provide some functions of
hepatocyte as well as antitumor immune function of IL-2 that
can induce the regression of cancer cells and inhibit the
metastasis, due to the activation of T-cell and other effector
cells. Of course, the immune rejection of transplantation should
be taken into account, two strategies are available. (1) The fetal
hepatocyes, which are poor in immunogenicity and susceptible
to retrovirus[25,37], can be selected to be transfected by targetgene and cultured with microcarrier. (2) Microencapsular
technique can be used to encapsule transgenetically
immortalized hepatocytes, realizing the continuous expression
of exogenous gene[38,39], which can be testified by further animal
experimentation.
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Abstract
AIM: To investigate the effects of p16 gene on biological
behavious in hepatocellular carcinoma cells.
METHODS: HCC cell lines SNU-449 and HepG2.2.15 were
infected respectively by a replication defective, recombinant
retrovirus capable of producing a high level of p16 protein
expression (pCLXSN-p16). G418 resistant stable P16 protein
expression cell lines were selected. And the biological behaviours
of the p16 gene transfected HCC cells were observed.
RESULTS: Initial in vitro experiments in HCC cell line SNU449 with loss of p16 protein expression demonstrated the
pCLXSN-p16 treatment significantly inhibited cell growth.
But there was no treatment effect when the pCLXSN-p16
was used in another HCC cell line HepG2.2.15 which has
positive p16 protein expression. Subsequent study in a nude
mouse model demonstrated that the p16 gene transfected
SNU-449 had a lower succeeding rate in the first time
establishment of tumors and grew more slowly in the nude
mice when compared with non-transfected SNU-449.
Moreover, the nude mice inoculated with transfected SNU449 had a longer surviving time than those inoculated with
non-transfected SNU-449.
CONCLUSION: Our results show that the p16INK4a gene
transfer can inhibit the proliferation and reduce the invasion
ability of hepatocellular carcinoma.

to improve the survival rate. It is believed that molecular changes
that occur during carcinogenesis, such as overexpression of the
multidrug resistant gene and the loss of tumor suppressor genes
may allow many kinds of tumor cell populations to become
resistant to most therapeutic approaches. Gene therapy may offer
certain advantages in the treatment of HCC.
P16 gene encoded for a protein that was initially identified
as a specific inhibitor of the CDKs, CDK4 and CDk6. By
binding to and inhibiting CDK4 and CDk6, p16 prevents both
pRb phosphorylation and subsequent progression into the S
phase of the cell cycle. P16 gene alterations were found in
many kinds of cancers[3-13]. Our previously study has showed
that the frequency of P16 gene inactivation was high (36 %)[14]
in HCC. Other’s Reports have also showed frequent P16 gene
inactivations[15-21]. Thus, P16 gene may be an ideal candidate
for the treatment of HCC. In this study, we constructed the
retrovirus p16 expression vector and then investigated whether
it could control the proliferation of HCC cell lines.

MATERIALS AND METHODS
P16 cDNA subcloning and construction of pCLXSN-p16
The original P16 cDNA was amplified from the total RNA of
normal human lymphocytes by reverse transcription PCR. The
PCR product was subcloned into pCLXSN expression vector,
a deficient retrovirus vector which derived from pLXSN
(IMAGENEX). Then the recombined p16 expression vector
was cotransfected with the pCL-Ampho packaging construct
into 293 cells by using a modification of the HEPES-buffered
saline calcium phosphate method[22]. Two days after infection
the 293 cells were placed under G418 selection (800 µg/ml)
and grew for 10 days. Then the G418 resistant 293 cells were
amplified and the supernatant which contained the pCLXSNp16 pseudo retrovirus were collected and filtered through a
0.45 µm pore size filter. The pseudo retroviruses were titled
through infecting NIH 3T3 cells[22]. We also packaged a reporter
gene expression vector pCLMFG-LacZ as a control. The viral
titer was 1.6×105CFU/ml.

http://www.wjgnet.com/1007-9327/9/84.htm

Cell lines
Human HCC cell lines SNU-449 (with loss of p16 expression)
and HepG2.2.15 (with p16 expression) were kindly provided
by Dr. Zhang Mingyi (Tumor Hospital of Sichuan Province,
Chengdu, China,) and Dr. Gao Yong (the Union Hospital, Tong
Ji Medical University, Wu han, China) respectively. They were
grown in RPMI 1640 containing 10 % fetal bovine serum.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignant tumor
with a increasing incidence[1], and the treatment has been
extremely difficult. HCCs are generally highly resistant to
chemotherapeutic agents and radiotherapy. Despite a variety
of treatment options including surgical resection,
chemoembolization, percutaneuous injection of ethanol or
acetic acid, and liver transplantation, the prognosis of HCC
patients is poor[2]. Thus, new treatment strategies are necessary

Infection of retroviral vectors and selection of stable
expression cell lines
SNU-449 and HepG2.2.15 cell lines were seeded and cultured
in two 6 cm plates at a density of 2×10 5 cells for 24hs
respectively. Immediately before infection, the culture medium
was replaced and 1 ml viral supernatant of pCLXSN-p16 or
pCLMFG-LacZ (control) was added. Then the polybrene was
added to the medium in 8 µg/ml. The infected cells were grown
for 24hs and splited into 10 cm plates at 1:10 dilution, then
grown in the medium containing G418 in 800 µg/ml. The
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medium was replaced every 3-4 days and the G418 resistant
cells were selected and named SNU-449/pCLXSN-p16,
HepG2.2.15/pCLXSN-p16, SNU-449/pCLMFG-LacZ and
HepG2.2.15/pCLMFG-LacZ, respectively.
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G418 resistant SNU-449/pCLXSN-p16 cells exhibited p16 protein
expression (Figure 2). Western blot analysis also confirmed that
SNU-449 cells showed loss of p16 protein expression and SNU449/pCLXSN-p16 cells could express p16 protein (Figure 3).

Immunohistochemical analysis and western blotting
SNU-449 cells were collected 24hs after infected by pCLXSNp16. The stable G418 resistant SNU-449/pCLXSN-p16 cells
were also collected. Both of them were examined for p16
expression immunohistochemically by the labeled streptavidinbiotin method. The SNU-449/pCLXSN cells were also
screened for p16 expression by Western blotting. The cells for
immunochemical analysis were grown on the glass slides.
Immunohistochemical detection procedure was carried out
according to the manufacture’s recommendations. Western
blotting was performed as previously described[23].

Ce ll cycle and apoptosis analysis
The effect of pCLXSN-p16 expression on cell cycle dynamics
and cell apoptosis was examined in both the SNU-449/
pCLXSN-p16 and HepG2.2.15/pCLXSN-p16 cell lines using
FACS analysis. In the meanwhile, the cell cycle distribution
and apoptosis analysis of SNU-449, SNU-449/pCLMFG-LacZ
and HepG2.2.15 cells were also examined for controls. Briefly,
1×106 cells of each cell line were collected by centrifugation at
1000 rpm for 5 min, followed by two washes in ice-cold PBS.
Cells were then fixed in 2.0 ml of 70 % ethanol and stored at 4
for a minimum of 1 h. Prior to FACS analysis, cells were washed
twice with ice-cold PBS, and the cell pellet was resuspended in
10 µg/ml of pidium iodide (Sigma Chemical Co.). Add 100 µg/
ml of Rnase (Sigma Chemical Cop.) and incubated at 37 for
30 min. Then the FACS analysis was performed.
In vivo studies
Nude mice were used at the weight of 23-27 grams. Log phase
SNU-449/pCLXSN-p16 and SNU-449 cells were harvested
and centrifuged at 1000 rpm for 5 min, then resuspended in
0.9 % salt solution at 1×10 8, respectively. Cells were
immediately implanted subcutaneously into the right flank of
nude mice (1×10 7 cells for each animal). Tumor formation
and subsequent growth were monitored. The tumor volume at
23 days after implantation and the survival rate of the mice at
52 days after implantation were also observed. Statistical
significance was assessed by Mann-Whitney statistical analysis
(Statmost for windows).

Figure 1 SNU-449 cells show negative p16 staining (original
magnification×400).

Figure 2 SNU-449/pCLXSN-p16 cells show positive p16 staining (original magnification×200).
1

2

3

Figure 3 Western blot analysis. Lanes 1 and 3: SNU-449/
pCLXSN-p16 cells; Lane 2: SNU-449 cells.
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Growth curves
The effect of p16 expression on cell growth was examined in all
six cell lines, including SNU-449, SNU-449/pCLXSN-p16,
SNU-449/pCLMFG-LacZ, HepG2.2.15, HepG2.2.15/pCLXSNp16, and HepG2.2.15/pCLMFG-LacZ. Triplicate samples of log
phase cells were seeded at a density of 1×104 in 6 holes culture
plates. Cells were harvested for counting by digestion with
trypsin/EDTA for 3 min, followed by the addition of fresh media
to inhibit further digestion. Cells were then pelleted by
centrifugation at 1000rpm for 5 min, followed by resuspension
in fresh media. Triplicate sets of cells were counted at 1, 3 and 5
days after seeded. The mean cell number for each harvesting
was calculated, and cell growth curves were determined.
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RESULTS
Detection of p16 protein expression
SNU-449 cells exhibited a loss of p16 protein expression
(Figure 1), and HepG2.2.15 cells showed positive p16 staining.
About 20 % SNU-449 cells showed positive p16 staining 24
hours after infected by pCLXSN-p16 pseudo virus. All the
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Figure 4 In vitro growth curves of SNU-449/pCLXSN-p16,
SNU-449/pCLMFG-LacZ and SNU-449 cell lines.
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Cell growth curves
As shown in Figure 4, in vitro growth rates of SNU-449/
pCLXSN-p16 cell line, a selected stable p16 protein expression
cell line, were significantly inhibited when compared with cell
lines SNU-449 and SNU-449/pCLMFG-LacZ in which p16
protein expression was lost. Nearly equal growth rates were
observed in both HepG 2.2.15 and HepG 2.2.15/pCLXSNp16 cell lines.
Cell cycle distribution and cell apoptosis status
The underlying mechanism of in vitro growth inhibition seen
in the pCLXSN-p16 treated cell line SNU-449/pCLXSN-p16
was investigated by cell cycle analysis using flow cytometry.
As shown in table 1, SNU-449/pCLXSN-p16 cell line exhibited
significant increase in the percentage of cells in G0-G1 phase
(68 %), consistent with a cell cycle arrest at the G1 transition
when compared with cell lines SNU-449 and SNU-449/
pCLMFG-LacZ. However there was no obvious cell cycle
difference between cell lines HepG2.2.15/pCLXSN-p16 and
HepG2.2.15.
Table 1 Cell cycle analysis
Cell cycle(%)

Cell type
G0-G1

G2-M

S

SNU-449

37

36

27

SNU-449/pcLXSN-p16

68

21

11

SNU-449/pcLMFG-LacZ

39

38

23

SNU-449

HepG2.2.15

29

42

29

32

43

25

Cell apoptosis analysis was performed in cell lines SNU449, SNU-449/pCLXSN-p16, HepG2.2.15 and HepG2.2.15/
pCLXSN-p16 and showed no difference between these cell lines.

Effects of pCLXSN-p16 treatment on HCC tumor growth in vivo
The therapeutic potential of pCLXSN-p16 to treat HCC tumors
in vivo was studied in nude mice. Tumors were created by
injecting 1×107 SNU-449 or SNU-449/pCLXSN-p16 cells in
100 µl 0.9 % salt solution into the right flank of nude mice as
described above. The succeed rate of tumor establishment at
the first time injection of tumor cells SNU-449/pCLXSN-p16
in nude mice was 70 % (7/10). At the same time only 40 % (4/10)
nude mice succeeded to establish tumors at the first time
injection of SNU-449 cells. Animals who were succeeded to
establish tumors were observed over a period of 52 days from
the day of injecting tumor cells. During the observing period
animals injected with SNU-449/pCLXSN-p16 cell line
survived significantly longer than those injected with SNU449 (P<0.05). The mean survival time of animals injected with
SNU-449/pCLXSN-p16 and SNU-449 were 42.1+9 days and
32.7+6.7 days, respectively (Table 2). The survival rate of nude
mice injected with SNU-449/pCLXSN-p16 cell line was higher
than that of those injected with SNU-449. Figure 5 was the
survival curves of nude mice injected with cell lines SNU449/pCLXSN-p16 and SNU-449, respectively.
Two groups of nude mice with each of 6 animals were
established with tumors by injection of cell lines SNU-449/
pCLXSN-p16 and SNU-449, respectively and were observed
for a period of 23 days. All the animals survived during the
observing period. At 23th day after injection of tumor cells
they were all sacrificed for measurement of tumor volumes.
The tumor volume in nude mice injected with SNU-449/

8

SNU-449/pCLXSN-p16

6
4
2
0
20

30

40
day

50

60

Figure 5 Survival curves of nude mice.
Table 2 The survival time and survival rate of nude mice
Group

animal number

survival time(d)

survival rate

Salt solution

5

52.0+0.0

100%

SNU-449

7

32.7+6.7

0%

SNU-449/pCLXSN-p16 7

42.1+9.0a

28.6%

a

HepG2.2.15/pcLXSN-p16
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pCLXSN-p16 was 234+125 mm3, significantly smaller than
that in those injected with SNU-449 cell line (726+513 mm3).

Number of surviral
mice

86

P<0.05 Compared with group SNU-449

DISCUSSION
The hypothesis that the inactivation or loss of certain genes,
specially tumor suppressor genes, leads to both tumor growth
and progression is now well established and provides a unique
opportunity in cancer gene therapy. The decision to use p16
gene as a therapeutic agent against human hepatocellular
carcinoma was based on our earlier work where we had found
p16 gene was frequently inactivated in HCCs[14]. In the fact,
P16 gene was widely used in the study of tumor gene therapy
and showed obvious tumor suppressing effects in many kinds
of tumors[23-31]. In the present study we cloned human p16
cDNA and constructed a replication-defective, recombinant
retrovirus that express high levels of the tumor suppressor
protein p16.
The pCLXSN vector was modified from pLXSN vector.
It’s more safe and can produce higher titers of retrovirus when
cotransfected with the pCL-Ampho packaging construct into
293 cells than its’ prototype pLXSN. It permits the expression
of a number of cell cycle-regulatory proteins such as p16 that
are otherwise difficult to study in retroviruses because of their
potent cytostatic or cytocidal effects[22]. In this study we
cotransfected a report gene LacZ expression vector pLMFGLacZ and packaging constructs pCL-Ampho into 293 cells.
The transfecting efficiency was determined and only 1 % (data
not shown), much lower than reported 30 %[5]. Considering
the lower transfecting efficiency we selected a stable virusproducing cell lines after the p16 protein expression vector
pCLXSN-p16 was cotransfected with pCL-Ampho into 293
cells. The titer of pCLXSN-p16 retrovirus produced by the stable
virus-producing cell line was determined to be 1.6×105CFU/ml.
It is much lower than reported 5×105-2×106[22]. Only 20 % SNU449 cells showed positive p16 protein expression 24hs after
infected by the pCLXSN-p16 pseudo retroviruses. We then
determined to select a SNU-449 cell line which stably expresses
p16 protein after infected by the pCLXSN-p16 and use it to
study the treatment effect of p16 gene transfer to the HCC cells.
Initial in vitro experiments demonstrated that the
reintroduction of p16 gene significantly inhibited cell growth

Huang JZ et al. p16 gene in hepatocellular carcimoma cells

by inducing G1-S cell cycle arrest in the SNU-449 HCC cell
line in which p16 gene was originally inactivated. In contrast,
no inhibition of cell growth was found when wild type p16
gene was transfected into another HCC cell line HepG2.2.15
in which p16 protein was normally expressed. This suggested
that inactivation of p16 gene and its downstream gene may
contributed to the carcinogenesis of HCC. Our results were
similar to others’ reports about treatment study of some tumors
using p16 gene transfer[32-35]. No changes of tumor cell apoptosis
were found when wild type p16 gene was introduced to cell
lines SNU-449 or HepG2.2.15. This suggested that introduction
of p16 gene may not cause apoptosis of HCC cells.
Subsequent in vivo studies showed that the first time
establishment of tumors in nude mice was more difficult using
p16 gene treated SNU-449 cells (SNU-449/pCLXSN-p16) than
using the cells without treatment. This suggested that
reintroduction of p16 gene could reduce the invasion ability
of HCC tumor cells. Further observation demonstrated that
reintroduction of p16 gene into tumor cells significantly
inhibited tumor growth rate in tumor-established animals and
extended the survival time and survival rate of these animals
during the observing period. The results of in vitro and in vivo
study were consistent.
Our results support the use of retrovirus-mediated p16 gene
treatment for HCC and provide an important foundation from
which to build future preclinical studies and initiate future
human clinical trials. If pCLXSN-p16 is proved to be effective
in the clinical setting, it will offer a much useful addition to
present therapeutic regiments. PCLXSN-p16 may potentially
develop into an important adjuvant therapy, expedient in
treating unresectable HCC or microscopic residual disease after
surgical resection. However, the titer of pCLXSN-p16 pseudo
retrovirus must be boosted in the future studies.
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Abstract
AIM: To find the point mutations meaningful for inactivation
of liver-related putative tumor suppressor gene (LPTS) gene,
a human novel liver-related putative tumor suppressor gene
and telomerase inhibitor in hepatocellular carcinoma.
METHODS: The entire coding sequence of LPTS gene
was examined for mutations by single strand conformation
polymorphism (SSCP) assay and PCR products direct
sequencing in 56 liver cancer cell lines, 7 ovarian cancer
and 7 head & neck tumor cell lines and 70 pairs of HCC
tissues samples. The cDNA fragment coding for the most
frequent mutant protein was subcloned into GST fusion
expression vector. The product was expressed in E.coli
and purified by glutathione-agarose column. Telomeric
repeat amplification protocol (TRAP) assays were
performed to study the effect of point mutation to
telomerase inhibitory activity.
RESULTS: SSCP gels showed the abnormal shifting bands
and DNA sequencing found that there were 5 different
mutations and/or polymorphisms in 12 tumor cell lines
located at exon2, exon5 and exon7. The main alterations
were A(778)A/G and A(880)T in exon7. The change in site
of 778 could not be found in HCC tissue samples, while the
mutation in position 880 was seen in 7 (10 %) cases. The
mutation in the site of 880 had no effect on telomerase
inhibitory activity.
CONCLUSION: Alterations identified in this study are
polymorphisms of LPTS gene. LPTS mutations occur in HCC
but are infrequent and of little effect on the telomerase
inhibitory function of the protein. Epigenetics, such as
methylation, acetylation, may play the key role in inactivation
of LPTS.
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INTRODUCTION
Human hepatocellular carcinoma (HCC), the predominant
histological subtype of primary liver cancer is one of the most
common malignancies of the liver worldwide. The
development of human cancer results from the clonal expansion
of genetically modified cells that acquired selective growth
advantage through accumulated alterations of proto-oncogenes
and tumor suppressor genes[1]. Chromosomal analysis using
polymorphic DNA markers that distinguish different alleles
has revealed loss of heterozygosity (LOH) of specific
chromosomal regions in various types of cancers and mapping
of regions with a high frequency of LOH has been critical for
identifying negative regulators of tumor growth, which will be of
great help in positional cloning of tumor suppressor genes[2].
We have cloned a novel human liver-related putative tumor
suppressor gene, LPTS by means of allelic-loss mapping and
positional candidate cloning [3]. LPTS gene mapped to
chromosome 8p23, a locus with high-frequency LOH and a
hot spot of tumor suppressor in HCC[2, 4]. The expression of
LPTS was ubiquitous in normal human tissues, whereas levels
appeared to be significantly reduced, or sometimes
undetectable in HCC cells and neoplastic tissues. The gene for
LPTS is a growth-arrest gene that acts directly or indirectly to
control the proliferation of cells, and might be a tumor
suppressor gene[3]. LPTS gene has 7 exons totally and encodes
two transcripts, one is LPTS-S, lacking exon6 and encoding a
174-a.a. protein; the other is LPTS-L, encoding a 328-a.a.
protein with entire 7 exons. The LPTS-L is highly homologous
to PinX1 identified recently[5]. LPTS-L and PinX1 have quite
different 3’-untranslated region and encode a same protein,
referred to LPTS-L/PinX1. LPTS-L/PinX1 has strong
telomerase inhibitory activity both in vivo and in vitro.
In this study, we collected 56 HCC cell lines, 7 ovarian
cancer cell lines and 7 head & neck tumor cell lines to perform
single strand conformation polymorphism (SSCP) assay[6,7] to
screen the point mutations in LPTS gene. Then we detected
those mutations identified from SSCP assay in 70 pairs of HCC
tissues to confirm the existence of real mutations in HCC tissue
samples. Finally, telomerase activity assay was done to study the
effect of the point mutation on the function of protein in vitro.
MATERIALS AND METHODS
Tumor cells and HCC tissue samples
The cell lines, including 56 liver cancer cell lines, 7 ovarian cell
lines and 7 head and neck tumor cell lines, were from mainland
of P.R. China, Japan, France, Taiwan, Hongkong and America
separately. The cell lines were cultured in Dulbecco’s Modified
Eagle Medium (DMEM, Life Technologies Inc., Grand Island,
NY) or in RPMI medium 1 640 (Life Technologies Inc.),
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supplemented with 10 % fetal calf serum (FCS, Life
Technologies Inc.) with or without non-essential amino acid
(Life Technologies Inc.) according to suppliers. All the samples
of primary HCC (Ks), adjacent samples of nontumorous tissues
(Ls), were obtained from Shanghai Eastern Hepatobiliary
Surgery Hospital (Shanghai, P.R. China), with the agreement
of each patient. The serial numbers were those recorded by
the hospital. All tissues were placed in liquid nitrogen
immediately after surgical resection.

directly into each of sample wells of GeneGel Excel, 0.5 mm
thin, pre-cast polyacrylamide ready-to-run gel for DNA
electrophoresis (Amersham Pharmacia Biotech Inc.).
Electrophoresis was done on GenePhor DNA separation system
(Amersham Pharmacia Biotech Inc.) at 150 Voltage for 10
min and then 600 Voltage for 2 hours at 4 . At the end of
running, silver stained the gel with DNA silver staining kit
(Amersham Pharmacia Biotech Inc.) in accordance with the
manufacturer’s protocol.

Point mutation assay
According to the genome sequence of LPTS gene, we
synthesized 11 pairs of primers covering 7 exons of the gene,
with length of each PCR product around 170 to 250 bp (Table
1). Genomic DNA was separated as described[8]. PCR was
performed in a 25-µL reaction mixture that contained 2 µL
Genomic DNA (around 50 ng) from each cell line as template,
2 µL primers mix (20 µM each), 0.4 µL dNTP mix (12.5 mM
each), 4.75 µL H2O, 0.25 µL Taq DNA polymerase (Life
Technologies Inc.), and 15.6 µL premix (16 mM TrisHCl
pH8.4, 80 mM KCl, 2.4mM MgCl2 and 0.16 % Tween-20).
PCR reaction conditions were described in Table 1. In Table
1, SD referred to the step-down PCR, the annealing temperature
was declined 3
every 3 cycles for 94
45 sec, annealing
1 min from 68
until the
temperature 1 min and 72
indicated temperature and then for another 25 cycles of standard
PCR reaction. The products of PCR were separated by
electrophoresis on 2 % agarose gel to check the specificity of
each PCR reaction. The PCR products were sequenced directly
or performed SSCP assay as described below.

Expression and purification of GST fusion protein
The coding sequence of protein fragment for expression was
cloned in frame into the E.coli GST fusion expression vector
pGEX-4T2 (Amersham Pharmacia Biotech Inc.), then
transfected the construct into E.coli BL21(DE3). The protein
was expressed with IPTG induction for 3 hours and purified
by glutathione-agarose (Sigma) column.

Table 1 Primer sequences for the coding region of the LPTS gene
Exon Nucleotide sequences

1

241

50

SD

230

50

SD

178

55

SD

196

Forward: 5’-AACTACAGGCTTACCTCTCG-3’
Reverse: 5’-AACATATTTGCATTGAGAAC-3’

5

SD

Forward: 5’-TGAGAGGAATGTTCTAACTC-3’
Reverse: 5’-AGCCAAYYAYGCAAAGACAC-3’

4

52

Forward: 5’-TCCATTGCTGATGATAATGC-3’
Reverse: 5’-CTTCCAGTCTCCTAAGAAGG-3’

3

Forward: 5’-CAAGACTATCCACTGTTAGG-3’
Reverse: 5’-GGACAAACACGTAGATTTCAATAAC-3’ 52

6

50

SD

194

50

SD

247

Forward: 5’-GGCCACAGGTAAAGATGTGG-3’
Reverse: 5’-CAGGCGGCTGCACATGGTCC-3’

7.3

220

Forward: 5’-CTGCCTTTTAACTCTTCTGC-3’
Reverse: 5’-GGCTGGAGGTAACTTTCCAC-3’

7.2

Standard

Forward: 5’-GCTGCATAGTTCATGTCTGC-3’
Reverse: 5’-CACAGGTGAAAATCAGACAG-3’

7.1

Product
size (bp)

Forward: 5’-CGTGCTCGAGGAGCGAGTCG-3’
Reverse: 5’-ACCCGGCATCTTCACCAACG-3’

2

PCR
conditions

55

Standard 200

Forward: 5’-GCCTCTGCTCAGGATGCAGG-3’
Reverse: 5’-GCCCCGGCTGGGAAGGATTC-3’

50

SD

191

SD: step-down PCR

For SSCP assay[9,10], 3 µL PCR product, added with 4 µL
denaturing buffer (95 % formamide, 10 mM NaOH, 0.25 %
bromophenol blue and 0.25 % xylene cyanol), were kept at
95 for 5 min and then loaded 5 µL denatured mixture sample

TRAP telomerase activity assay
HCC cells SMMC-7721were lysed in lysis buffer(10 mM
TrisHCl pH7.5, 1 mM MgCl2, 1 mM EGTA, 0.1 mM PMSF,
5 mM 2-mercaptoethanol, 0.5 % CHAPS, 10 % glycerol) on
ice for 30 min and then centrifuged at high speed for 30 min,
the suspension containing telomerase was used for TRAP assay.
The GST-fused protein was incubated with cell extract for 10
min at 4 before subjecting to telomerase extension according
reference[11]. Telomerase products were separated on 10 %
polyacrylamide gels, which were stained with silver nitrate.
RESULTS
5 alterations were found in 12 tumor cell lines
We mainly screened the point mutations of LPTS gene in 56
liver cancer cell lines by means of SSCP. For chromosome
8p23 is a hot spot containing tumor suppressor in many types
of tumors except for liver, including ovarian cancer and head
and neck tumors, we checked LPTS gene in another 7 ovarian
cancer cell lines and 7 head and neck tumor cell lines altogether.
Among the cell lines analyzed, about half of those are
homozygous in region between D8S550 and D8S518 on
chromosome 8p23, covering the LPTS gene, by fine mapping
of allele deletion (loss of heterozygosity) in Chromosome 8p.
After PCR amplification the fragment, PCR products were
checked for specificity on 2 % agarose gel. Only the good
specific amplification could be used in the latter assay (Figure
1). The specific PCR products were separated in PAGE gel
and stained with silver nitrate. The abnormal band patterns,
such as loss or gain of extra bands, different migration of bands,
comparing to the negative and positive controls which had
been sequenced in advance, suggested this sample might have
point mutations (Figure 2). The products with abnormal
migration pattern were sequenced and determined. The point
mutations as shown in Table 2, were mainly located in exon 2,
exon 5 and exon 7. In exon 2, there were two types of
alterations, C (161) changed to T, predicted effect was the
change from alanine to valine in cholangiocarcinoma cell
CCLP1, and the other was C (183) to T, which was silent at
the protein level and might therefore be considered as a
polymorphism. In exon 5, only one point mutation of A (497)
to G in HCC cell line PLCPRF5 was found, causing the encoded
amino acid changing from tyrosine to cysteine. Two frequent
mutations clustering at positions 778 and 880 were found in
exon 7. The A778G changed the threonine residue to an alanine.
All cell lines harboring this polymorphism were heterozygous
at position 778 with the second allele retaining the wild type.
The second mutation cluster A880T caused a change from
serine to cysteine.
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Table 2 The alterations of LPTS-S and LPTS-L in tumor cell lines
Cell line

Cell type

Mutation

Exon

Codon

Predicted effect

CCLP1
HepG2

Cholangiocarcinoma
HCC

Exon 2
Exon 7

HepT1
MEK

HCC
HCC

SNU182

HCC

Li7A

HCC

Li21

HCC

MZCHA1

HCC

PCI-SG231

HCC

PLCPRF5
IGR-OV1

HCC
Ovarian tumor

SW579

Head and neck tumor

C161T
A701A, G(LPTS-S)
A778A, G(LPTS-L)
C183T
A701A, G(LPTS-S)
A778A, G(LPTS-L)
A701A, G(LPTS-S)
A778A,G(LPTS-L)
A803T(LPTS-S)
A880T(LPTS-L)
C183T
A803T(LPTS-S)
A880T(LPTS-L)
A803T(LPTS-S)
A880T(LPTS-L)
G111C
A803T(LPTS-S)
A880T(LPTS-L)
A497G
A701A, G(LPTS-S)
A778A,G(LPTS-L)
C183C, T

gct gtt
Outside ORF
aca gca
gcc gct
Outside ORF
aca gca
Outside ORF
aca gca
Outside ORF
agc tgc
gcc gct
Outside ORF
agc tgc
Outside ORF
agc tgc
Before ATG
Outside ORF
agc tgc
tat tgt
Outside ORF
aca gca
gcc gct

Ala
/
Thr
Ala
/
Thr
/
Thr
/
Ser
Ala
/
Ser
/
Ser
/
/
Ser
Tyr
/
Thr
Ala

Exon 2
Exon 7
Exon 7
Exon 7
Exon 2
Exon 7
Exon 7
Exon 1
Exon 7
Exon5
Exon 7
Exon 2

Val
Ala

Ala
Ala
Cys

Cys
Cys

Cys
Cys
Ala

M

Figure 1 Agarose gel analysis of PCR products for SSCP assay. Agarose gel separation was used to determine the specificity of
PCR reaction. PCR products with only one specific band of right size in the gel can be used to SSCP assay. M: 100 bp ladder.

Figure 2 Some different electrophoresis patterns in SSCP assayof each exon. Arrows showed the differences, including extra
bands, differential bands shifting, and so on.
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A880A/T
A A G A A G A A G N G C G C G C C A G C
290
300

G A A G A A G A G C G C G C C A G C A G A
290
300

91K

A

91L

A G A A G T G C G C G C C A G C A G A
80
290

G A A G A A G A G C G C G C C A G C A G
290
300

C64K

B

C64L

Figure 3 The sequences of mutation site of 880 in two pairs of HCC tissues. (A) HCC sample 91K, 91L; (B) HCC sample C64K,
C64L. ‘K’ represents HCC tissue and ‘L’ represents adjacent nontumorous liver tissue. Arrow indicated the site of 880.
M
A

1

2

3

1

2

3

4

T
97k

ATTCCCAAGAAGAAGTGCGCGCCAGCAGAAGA
40
50
60

66k
43k
GST-LPTLm253-328

31k

A

20k

B

C

Figure 4 The point mutation in position 880 has no effect on the telomerase inhibitory activity of LPTS-L. A. The ‘A’ in position 880
of LPTS-L transcript was mutated to ‘T’; B. The expression and purification of GST-LPTLm253-328, 1, without IPTG induction; 2,
IPTG induction; 3, purified protein. C. The telomerase inhibiting activity assay in vitro of mutant protein LPTLm253-328 in SMMC7721 cell extract. 1-4 were 0.1, 0.5, 1, 5 µg protein added in cell extract for 10 min, respectively.

Position (880) A to T was identified in 7 patients (10 %)
From the assay in HCC and other tumor cell lines, we can see
that the major point mutations are in exon 7. The point mutation
in 778 and 880 nt caused threonine and serine which being the
candidate sites for phosphorylation changed to alanine and
cysteine. The mutation in 880 nt turned to the cysteine, which
might form disulfide bond and affect the conformation of the
protein. It would be very important to confirm the existence
of these two mutations in HCC tissues. Next, we collected 70
pairs of HCC samples, amplified the exon 7 and sequenced
directly. In all 70 pairs samples, we could not find the point
mutation in position 778, whereas the mutation in site of 880
was detected in 7 HCC samples and the mutation frequency
was 10 %. The mutation in the site of 880 was also A/T
heterozygous, which was shown double pits in sequence
reaction (Figure 3).
The significance of A(880) mutation
LPTS-L/PinX1 possessing strong telomerase inhibitory activity
had been deternmined by in vivo and in vitro experiments. To

study the effect of telomerase inhibitory function of A(880)
mutant, we designed PCR primer with point mutation at the
site of 880, 5’-GAA TTC CCA AGA AGA AGT GCG CGC
CA-3’, the mutated site of ‘T’ was indicated in italic type. We
subcloned the mutated cDNA fragment (from amino acid
subunit 253 to 328) into GST fusion expression vector pGEX4T2 and purified the GST-fused mutant protein. After TRAP
telomerase activity assay, we found that the mutant protein
still had strong telomerase inhibitory activity in HCC cell line
SMMC-7721 cell extract (Figure 4). From these results, we
concluded that the point mutation in position 880 of LPTS
gene had no effect on telomerase inhibition.

DISCUSSION
Somatic inactivation of a tumor suppressor gene is usually
achieved by intragenic mutation in one allele of the gene, with
subsequent by loss of a chromosome region that spans the
second allele, showed loss of heterozygosity (LOH). Among
the various deleted chromosome regions identified by several
laboratories, chromosome 8p has a particularly high frequency
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of LOH[2, 12-14] and a growing body of evidence suggests that
chromosome 8p is active in many types of carcinogenesis and
metastasis including liver, breast, colorectal, prostate, lung, head
and neck, pancreatic and urinary bladder carcinomas[14-18].
However, there have been no reports of the identification of a
tumor suppressor gene on 8p.
LPTS gene is a possible candidate tumor suppressor
localized in 8p23 region, which is a negative regulator in cell
proliferation[3]. According to Kundson’s tumor suppressor
“two-hit” model[19], one tumor suppressor needs to be hit twice
to be inactivated. To clarify the relationship between LPTS
gene and HCC, we searched for point mutations in all seven
exons of LPTS gene in HCC tissue samples and HCC cell lines.
In 70 tumor cell lines and 70 pairs of HCC tissues analyzed,
there were mainly two point mutations in exon 7, position 778
and 880. The mutation at the site of 778 was found only in
several HCC cell lines, but not in clinical HCC tissues. The
mutation at the site of 880 has the mutation frequency of 10 %
in HCC tissues, but the mutation has no effect of the telomerase
inhibitory activity of LPTS-L/PinX1 protein, suggesting that
this position is a polymorphism site of LPTS gene.
During our preparation of this manuscript, another research
group in Korea reported their research work of genetic analysis
of LPTS gene in HCC sample from South Korea. They also
found that LPTS gene indeed had very high LOH frequency
(34.5 %) in HCC patients, but also no point mutations could
be found in HCC patients from South Korea, same with our
results in Chinese HCC patients[20].Taken the above data
together, LPTS gene has high frequency of LOH in HCC, but
has no point mutation in the last allele, suggesting that
inactivation of LPTS gene may not be caused by point mutation.
However, we cannot rule out completely the epigenetic
inactivation, such as methylation, acetylation etc[21-23]. Indeed,
we found that there were two CpG islands, about 1.2 kb in
length, in the upstream of LPTS gene transcription initiating
site. Study of the methylation status in the regulation of LPTS
gene is being performed now.
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Abstract
AIM: To characterize the gene expression profiles in different
stages of carcinogenesis of esophageal epithelium.
METHODS: A microarray containing 588 cancer related
genes was employed to study the gene expression profile
at different stages of esophageal squamous cell carcinoma
including basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, early and late cancer. Principle component
analysis was performed to search the genes which were
important in carcinogenesis.
RESULTS: More than 100 genes were up or down regulated
in esophageal epithelial cells during the stages of basal cell
hyperplasia, high-grade dysplasia, carcinoma in situ, early
and late cancer. Principle component analysis identified a
set of genes which may play important roles in the tumor
development. Comparison of expression profiles between
these stages showed that some genes, such as P160ROCK,
JNK2, were activated and may play an important role in
early stages of carcinogenesis.
CONCLUSION: These findings provided an esophageal
cancer-specific and stage-specific expression profiles,
showing that complex alterations of gene expression underlie
the development of malignant phenotype of esophageal
cancer cells.
Zhou J, Zhao LQ, Xiong MM, Wang XQ, Yang GR, Qiu ZL, Wu M,
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2003; 9(1): 9-15

http://www.wjgnet.com/1007-9327/9/9.htm

INTRODUCTION
Cancer development is a complex multi-step process, involving
various genetic and epigenetic changes. Progress of phenotypes
from normal to advanced carcinoma is controlled by a
transcriptional hierarchy that coordinates the action of hundreds

of genes. Conventional approaches investigating one or several
candidate genes at a time can not show the whole story of
carcinogenesis. The generation of vast amounts of DNA
sequence information, coupled with advances in technologies
developed for the experimental use of such information, allows
the description of biological processes from a view of global
genetic perspective. One such technology, DNA microarray,
permits simultaneous monitoring of thousands of genes[1,2].
Fuller et al[3] and Sgroi et al[4] have used this new technique in
analyzing gene expression profiles in human glioblastoma,
human breast cancer and matched normal tissues. However,
little is known about the exact expression changes in each stage
of tumorigenesis, which will help us identify the exact series
of events that leads to the initiation and progression of cancer
development.
In this study, esophageal cancer was chosen as a model to
analyze the changes of expression profiles in different stages
of carcinogenesis. By using microarray membranes, expression
of 588 known cellular genes were profiled in normal
esophageal tissues, basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, early and advanced cancer. Our results
revealed some genes differently expressed in a certain stage,
and some kept up or down regulated in all stages toward cancer.

MATERIALS AND METHODS
Biopsy specimens and primary esophageal cancer tissues
Biopsy specimens were collected from the individuals who
were more than 35 years old, underwent endoscopy
examination in a screening for early cases of esophageal cancer
in Henan province in North China, where has the highest
incidence rate of this fatal cancer in the world. Agreements
have been obtained from all individuals informed consents
issued. In each case, 4 pieces of tissues with the size of 0.01 cm3
were separately removed from the mucosa, two of them were
instantly frozen and kept in liquid nitrogen until use, and the
other two underwent pathologic diagnosis according to the
criteria of Riddell and associates. Specimens of normal
esophagus, basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, and early carcinoma were obtained in this
study. Every tissue specimen was mostly composed of normal
or abnormal epithelial cells.
Cancer and adjacent almost normal tissues with size of about
0.5 cm3 were collected from patients with primary esophageal
cancer in Cancer Hospital of the Chinese Academy of Medical
Sciences after informed consent was obtained. Fresh samples
were dissected manually to remove mixed connective tissue
and stored in liquid nitrogen. Pathological diagnosis showed
that the cancers were from squamous cell at medium to high
grade differentiation, the matched almost normal mucosa did
not show any invasion of cancer cells.
Human cancer cDNA expression array
Human cancer cDNA expression array membrane was purchased
from Clontech Laboratories Inc. (Palo Alto, CA), each membrane
contains of 588 well characterized genes along with 9
housekeeping genes as internal control. During this study,
membranes of the same lot were used to ensure the reproducibility.
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RNA extraction
The biopsy specimens of the same histological diagnosis were
pooled and the total RNA of different kinds of samples was
extracted with Micro RNA isolation kit (Stratagene, La Jolla,
CA). Before labeling, 5 µg total RNA of each type was treated
with 2 µl DNase I (10 unit/ml, Boehringer Mannheim,
Mannheim, Germany), 1 µl RNasin (40 units/µl, Promega) at
37
for 15 min to remove contaminated DNA.
Hybridization and exposure
Following the recommendation of the manufacturer, 32Plabelled cDNA probes were generated by reverse transcription
from 5 µg of RNA sample in the presence of [α-32P]dATP
(3 000 ci/mmol, Du Pont). Each cDNA probe was then
hybridized to a membrane at 65 overnight. The membranes
were washed twice in 2×SSC, 0.5 % SDS at 65 for 30
minutes, then twice in 0.2×SSC, 0.5 % SDS at 65 for 30
minutes, then exposed to X-ray film at -80
for 2-3 days.
Hybridization pattern analysis
Images of individual autoradiography for each stage of
carcinogenesis were digitalized by Fluor-STM MultiImager
System (Bio-Rad Laboratories, Inc.) The hybridization pattern
of arrays was analyzed and compared using AtlasImageTM 1.01
software (Clontech). To normalize the relative gene expression,
beta-actin and alpha tubulin were used as internal references
whose expression level was found stable in different
developmental stages in our study. These genes were preferred
also because they are conventionally used as internal references
for measuring gene expression levels in Northern blot, RNase
protection and semi-quantitative RT-PCR.
Confirmation by semi-quantitative RT-PCR analysis
To validate the expression pattern identified on the expression
arrays, 5 genes were randomly picked and semi-quantitative RTPCR was performed to confirm their differential expression with
cDNA template from esophageal cancer and adjacent almost
normal tissues. First strand cDNA was synthesized from 5 µg
RNase-free DNase treated total RNA using the SuperscriptTM
Preamplification system for First Strand cDNA Synthesis (Life
Technologies, Inc) as described by the manufacturer. An aliquot
of 1/20 of the reverse transcribed product was used as template
in the following PCR amplification. Reactions undergone in 25
µl total volume containing 1×PCR buffer, 1.5 mmol/L MgCl2,
200 µmol/L dNTPs, 1.5 u Taq Polymerase (Life Technologies,
Inc) and 40 µmol/L gene specific primers under the conditions:
94 5 min, followed by 25-28 cycles each of 94 20 sec, 58
30 sec, 72 1 min. Amplification of beta actin with same
aliquot of cDNA template was used as internal reference to
determine the relative gene expression.
Gene specific primers: Rho8 5’-GGACACTTCGGGTTCTCCTTAC-3’, 5’-TGTGGCTCTCTGTGATTTGTTC-3’;
IL-1 beta 5’-GCAGAAAGGGAACAGAAAGGTT-3’, 5’AAGGAGGCACACCAGTCCAAAT-3’; Interleukin 1
receptor antagonist 5’-ACTCTCCTCCTCTTCCTGTTCC-3’,
5’-GCTTGTCCTGCTTTCTGTTCTC-3’; Cytokeratin 4 5’GGGAACAAAAGCATCTCCAT-3’, 5’ATCTCAGGGTCAATCTCCAC-3’; Wnt-13 5’GCCAAAGTTAGATGGGACAAAG-3’, 5’TTGAACAGGCAGCAAGTAAGC-3’.
Principle component analysis
A principle component analysis was used to explain the variancecovariance structure of the gene expressions in 6 stages of tumor
development. The purpose of principle component analysis is
data reduction, and interpretation through a few linear
combinations of the original variables (gene expressions)[5].
Principle component analysis starts with k variables which
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represent the expression profiles of k genes. The t th element of
the j variable corresponds to the expression level of the j th gene
in the t stage of the tumor development. Principle component
analysis intends to replace the k variables by p principle
components where p is smaller than k, while minimizing loss of
information. The principle component is a linear combination
of the variables x1, x2, ..., xk and can be constructed by the
eigenvector ei (i=1,2,..k) of the covariance matrix V of the
variables x1, x2, ..., xk, where the eigenvector ei of the matrix V is
defined as any vector satisfying the equation V ei = li ei. and li is
called the corresponding eigenvalue associated with the
eigenvector ei. The elements of the eigenvector measure the
importance (loading score) of the genes to the principle
component and the eigenvalue measures the variance of the
corresponding principle component explaining variations of
expressions of a linear combination of genes represented by the
principle component. The first principle component with the
largest eigenvalue has the largest variance, the second principle
component with the second largest eigenvalue has the second
largest variance and so on. It can be shown that li is equal to the
variance of the i th principle component.
Although k variables are required to reproduce the total
system variability, often much of this variability can be
accounted for by a small number of principle components with
larger eigenvalues (variances) which explain large proportions
of variations of gene expressions underlying some biological
processes. Principle component analysis was used to identify
a set of genes which may contribute to the tumor development.

RESULTS
Expression pattern of 588 known genes in progression of
carcinoma
High quality total RNA was isolated from biopsy specimens.
The RNA was reverse-transcribed into 32P-labeled cDNA probe
and hybridized to AtlasTM Human Cancer cDNA expression
array to profile the expression of 588 known genes. The
hybridization patterns were imaged by the Fluor-S TM
MultiImage System and analyzed by AtlasImage TM 1.01
software. Genes with adjusted intensity difference >20 000 or
ratio>2 between two stages were supposed to be regulated
differentially. Figure 1 showed the cDNA array images along
with color charts indicating up-regulated genes with red, downregulated ones with blue, and non-changed with green.
There were more than 100 genes up or down regulated
substantially in every abnormal stage when compared to human
normal mucosa. In stage of basal cell hyperplasia II, there were
122 genes up regulated and 17 down regulated; in stage of
high grade dysplasia, there were 134 genes up regulated and
33 down regulated; in stage of squamous cell carcinoma in
situ, there were 114 genes up regulated and 10 down regulated;
in stage of early cancer, there were 169 genes up regulated
and 13 down regulated; In stage of late cancer, there were 77
genes up regulated and 60 down regulated. As shown in the
color charts of Figure 1 the types as well as expression level of
genes are different among each stage.
Validation of Array Data with RT-PCR
To further investigate the reliability of our array data, we
randomly picked 5 differentially expressed genes and measured
the expression of the genes in the paired cancer and adjacent
almost normal tissues using RT-PCR. Figure 2 showed that
the different expression pattern of each of the five genes as
determined by RT-PCR were similar to those observed with
cDNA array in more than half of 12 pairs of matched tissues
(squamous esophageal cancer and matched adjacent almost
normal tissue), confirming the reliability of our array data. Our
observed correlation between the cDNA array and RT-PCR
are consistent with that observed by others[6,7].
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Figure 1 Expression patterns of genes in esophageal tissue of normal, basal cell hyperplasia, high-grade dysplasia, carcinoma in
situ, early and advanced cancer. Total RNAs were isolated from these tissues, reverse-transcribed into 32P-labeled cDNAs and
hybridized to AtlasTM Human Cancer cDNA expression arrays. A complete list of names and location of the arrayed gene can be
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found in the instruction manual and website from Clontech. Data was analyzed by AtlasImageTM 1.01 software. A,B,C,D,E,F
showed hybridization result of normal cells, basal cell hyperplasia, high-grade dysplasia, carcinoma in situ, early and advanced
cancer; G, H, I, J, K showed the color charts indicating up-regulated genes with red, down-regulated genes with blue, and nonchanged genes with green in the later 5 stages when compared to normal tissue; L, M, N, O, P showed the pathological image of
normal, basal cell hyperplasia, high-grade dysplasia, carcinoma in situ, early and advanced cancer respectively.
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Figure 2 Validation of array data with RT-PCR: Rho8, Wnt 13, IL-1 beta, IL-1 receptor antagonist and cytokeratin 4 were chosen
to further investigate the reliability of the array data using RT-PCR. The figures showed part of the RT-PCR results of five genes
in cancer (designated T) and matched almost normal tissues(designated N). P means positive control.

Principle component analysis Identified a set of genes which
may play Important roles in cancer development
Principle component analysis showed that there were 5
principle components in the 6 stages of cancer development.
The three principle components with eigenvalues 233.52,
121.59 and 101.34 respectively, accounted 92 % of total
variations of gene expressions in 6 stages. Table 1 showed a
set of genes with largest loading score (negative or positive)
in the first three principle components in the ascending order.
The loading scores are highly correlated with the expression
level of genes. In Table 1 we also listed the ratio of the gene
expressions in the corresponding stages of the tumor
development. From Table 1 we can see that the first principle
component roughly describes the changes of the gene
expression level in the first and last stage of tumor development.
Nine genes in the upper of the table were up-regulated in the
stages of basal cell hyperplasia and early cancer, meanwhile
seven genes in the bottom of the table were down-regulated in
these stages. Genes GAF, CAPR, CASP8, BMP5, MIF and
MYC may play important roles in the esophagus tumorigenesis.
GAF (Glia-activating factor) is a novel heparin-binding growth
factor purified from the culture supernatant of a human glioma
cell line with growth-stimulating effect on glial cells in vitro.
GAF domains are ubiquitous motifs present in cyclic GMP
(cGMP)-regulated cyclic nucleotide phosphodiesterases and
form a new class of cyclic nucleotide receptors distinct from
the regulatory domains of cyclic nucleotide-regulated protein

kinases and ion channels [8], the role of GAF in tumor
development has not been characterized yet; CAPR is cadherinassociated protein related, also named as alpha 2 catenin, the
abnormal expression of adhesion molecules (E-cadherin, alphacatenin) has been reported as markers of high malignant
potential in esophageal cancer[9], and it was suggested that alpha
catenin has prognostic significance in colorectal and prostate
cancer[10]; The human CASP8 gene, whose product is also well
known as caspase 8, encodes an interleukin-1beta converting
enzyme (ICE)-related cysteine protease that is activated by
the engagement of several different death receptors. Caspase
8 is a cysteine protease regulated in both a death-receptordependent and -independent manner during apoptosis, it is well
characterized in apoptosis and tumor development[11]; BMP5
(Bone morphogenetic protein-5) is a signaling molecule which
have the ability to induce ecotopic bone when placed under
the skin of an animal[12]; MIF (macrophage migration inhibitory
factor) is involved in tumorigenesis via promotion of
angiogenesis[13], it is an ubiquitary cytokine whose expression
has been investigated in tumors, showing a correlation between
tumor aggressiveness and production of this protein by
neoplastic cells. MIF is known to function as a cytokine,
hormone, and glucocorticoid-induced immunoregulator, it is
likely that MIF may function as a novel growth factor that
stimulates incessant growth and invasion of melanoma
concomitant with neovascularization; Myc is a well known
oncogene which was involved in most of tumorigenesis, and
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obviously it plays an important role in esophageal cancer
development.
The second component involves three stages of the tumor
development: basel cell hyperplasia, dysplasia and carcinoma
in situ. Table 1 listed nine genes which were up-regulated and
eight genes which were down-regulated in the stages of basel
cell hyperplasia and dysplasia. The third principle component
reflects the changes of the gene expression level in the transition
from normal to basel cell hyperplasia and from basel cell
hyperplasia to dysplasia. The table listed genes may play an
important role in these transitions.
Table 1A Ratio of expression level for a set of genes with the
largest loading scores in the first two principal components
Component 1
Gene

Ratio
ELCA/LaCa

Component 2
Ratio
BCH/N

Gene

Ratio
BCH/N

Ratio
DYS/CAIN

13
Table 2 Genes up or down regulated in all five stages of grade
II basal cell hyperplasia, high-grade dysplasia, carcinoma in
situ, early and advanced squamous cell carcinoma. Position
indicates the gene position on the microarray membrane
Position

Gene Name

Up Regulated Genes
A2k

G1/S-specific cyclin C

A4i

ERK5

A4j

ERK6

A5b

ERK activator kinase 1

A5l

transcription factor DP2

B3g

caspase-8 precursor

B3i

caspase-9 precursor

B3j

caspase-10 precursor (CASP10)

C1a

DNA-dependent protein kinase

C2c

DNA-repair protein XRCC1

C2j

RAD1

GAF

131

16

PCTK1

122

8

CAPR

582

25

DAXX

5

95

CASP8

743

37

P70

7

62

C4b

Wnt-5A

MMp16

143

17

CCNH

174

87

C4k

DVL1

DCC Precursor

316

12

CD153 antigen

70

31

C6m

CCK4

Tenascin-R

742

21

TLAA

9

39

C7k

retinoic acid receptor epsilon

ZAP70

157

83

XPG

IL-13

110

22

Apoptosis

66

82

LaCa/ELCA

N/BCH

90

26

3

107

122

19

Inhibitor Survivin
TRAIL receptor
BMP5

Bcl-1 oncogene

N/BCH

CAIN/DYS

284

170

MERLIN

3

411

MIF

79

72

LERK-8

31

334

N-myc

14

110

355

395

RPSA

19

68

MMP11

2

271

RBL2

33

18

CDK2

13

CLK1

RAD52

27

9

RBQ1

15

55

DSG2; HDGC

MDMX

D4b

integrin alpha 8

D4j

integrin beta 7 precursor

D4k

integrin beta 8 precursor

D5g

ezrin; cytovillin 2; villin 2
CD56 antigen

D7f

placenta growth factor 1

51

E1f

MMP9

60

798

E2a

MMP18

3

225

F3j

early growth response protein 1

F4l

IL-6

Table 1B Ratio of expression level for a set of genes with the
largest loading scores in the third principal components
Ratio
N/BCH

retinoic acid receptor gamma 1
retinoic acid receptor beta

D5j

N: Normal; BCH: Basel cell hyperplasia; DYS: Dysplasia; CAIN:
Carcinoma in situ; ELCA: Early cancer; LaCa: Late cancer.

Gene

C7l
C7m

Ratio
DYS/BCH

F5e

IL-13

F5k

interferon gamma precursor

F5l

leukocyte interferon-inducible peptide

Down regulated Genes
C6c
F4d

insulin-like growth factor binding protein 2 (IGFBP2)
interleukin-1 receptor antagonist protein precursor
(IL-1RA; IRAP)

Bcl-2L8
SRC1
Muscle cadherin precursor
Neurogenic locus notch protein
CASP3
BCL2A1;GRS protein
Type 1 cytoskeletal 10 protein
TRAF5
Transcription factor E2F5
MAP kinase p38
KRT7
GRB-IR
GAS1
BMP8
DVL
CAM-PDE1B
Apotosis regulator bcl-2

803
333
299
488
232
133
302
83
615
147
BCH/N
2
5
4
21
12
18
60

227
141
111
104
92
665
370
650
30
86
BCH/DYS
105
96
210
21
187
18
59

N: Normal; BCH: Basel cell hyperplasia; DYS: Dysplasia.

Some genes are activated in particular stages
According to their specificity to stages, differentially expressed
genes fall into two main categories. The first category contains
genes that are up or down regulated in the same way in all 4
abnormal stages. 77 genes belong to this category, including
G1/S-specific cyclin C, proliferating cyclic nuclear antigen
(PCNA), E2F dimerization partner 2, Wnt5A, retinoic acid
receptors (epsilon, gamma 1, beta), early growth response
protein 1 (hEGR1), etc. Part of these genes are listed in Table
2. Most of which are genes related to cell proliferation or
differentiation. These expression profiles are accordant with
the generality of characteristic phenotype of all of the 4
abnormal stages, i.e. decrease in extent of differentiation and
increase in rate of proliferation.
The second category contains genes that were up or down
regulated in particular stages, some of them seemed to be
activated in early stages of carcinogenesis, p160ROCK is one
of such genes. Figure 3 showed the expression level of
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p160ROCK in 5 stages. P160 ROCK peaked its expression
level in the stage of high grade dysplasia, down-regulated
rapidly after this stage, recovered its expression level in early
and late cancer, which revealed that this gene was
transcriptionally activated at pre-cancerous stage.
Intensity
100000
80000
60000
40000

A

20000
0
Normal

BCH

Dys

CAIN

ELCA

LaCa

Intensity
120000
100000
80000
60000
40000

B

20000
0
Normal

BCH

Dys

CAIN

ELCA

LaCa

Figure 3 Expression level of p160ROCK (3A) and JNK2 (3B) in
6 different stages, p160ROCK peaked its expression at stage of
high-grade dysplasia and JNK2 peaked its expression at stage
of carcinoma in situ. The column chart indicated expression
levels of p160ROCK and JNK2 in stages of normal mucosa
(designated normal), basal cell hyperplasia II (designated
BCH), high grade dysplasia (designated Dys), squamous cell
carcinoma in situ (designated CAIN), early cancer (designated
ELCA) and late cancer (designated LaCa).

p160ROCK belongs to a family of Rho-associated serine/
threonine kinase isozymes and has been identified as a new
class of Rho effectors. Its main function is participating the
reorganization of the cytoskeletal, and plays an important role
in signal transduction from Rho to cytoskeletal[14] and also get
involved in cell motility and morphological changes[15]. In
human hepatocellular carcinoma cells, dominant active
p160ROCK transfectants showed increased motility, and
dominant negative p160ROCK transfectants showed reduced
motility under stimulation. Furthermore, implantation of
dominant negative p160ROCK transfectants resulted in a
reduced metastatic rate in vivo compared with the parent cells
or a control transfectant[16]. In this study, p160ROCK was found
transcriptionally activated at the stage of high grade dysplasia,
a pre-malignant stage, which imply that activation of the gene
may be one of the early events during progress of esophageal
carcinogenesis and may be one of the events responsible for
morphological changes and increase in cell motility in early
stages of carcinogenesis.
JNK2 is another representative gene which peaked its
expression level in the stage of carcinoma in situ. Its expression
levels in the 5 stages were shown in Figure 3. JNK2, c-Jun Nterminal kinase 2, also named as protein kinase mitogenactivated 9, is a proline-directed serine/threonine kinase
activated by dual phosphorylation on threonine and tyrosine
residues in response to a wide array of extracellular stimuli.
Multiple research showed that JNK2 plays a critical role in
coordinating the cellular response to stress and has been
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implicated in regulating cell growth and transformation,
antisense JNK2 induced growth inhibition which correlated
with significant apoptosis[17]. It was shown that JNK2 plays an
important role in cell transformation and carcinogenesis. In
this study, JNK2 was found activated at stage of carcinoma in
situ, and down regulated in early and late cancer, which showed
that this may also be an early events of carcinogenesis and one
of the forces pushing the cell from pre-malignancy to malignancy.

DISCUSSION
Tumorigenesis is a complex and multistage process with many
genes involved in. As a step toward understanding the
complicated changes between normal and malignant cells, this
report focused on gene expression profile variations among
normal and abnormal esophageal epithelium tissues. Analyzing
alterations of gene expression profiles in different stages of
neoplasia is necessary for establishing the preventive,
diagnostic, therapeutic, and prognostic potential of each related
gene. To illustrate the mechanisms controlling malignant
changes at molecular level may provide a further understanding
of tumorigenesis, as well as new approaches in early detection
and treatment of esophageal cancer. Furthermore, since it is
impossible to get tissue samples of different stages from one
patient, we got the biopsy specimens from different patients
and pooled the samples with same pathologic diagnosis
together to avoid the individual differences, and semiquantitative RT-PCR was performed to confirm the reliability
of the data. Moreover, we observed that many genes expressed
abnormally in this complicated process and those changes
mainly involved in cell proliferation, apoptosis, DNA repair,
growth factors and cytokines. These genes and their expression
alteration constitute a molecular atlas that is stage-specific and
esophageal cancer-specific, and possibly being an important
supplement to the traditional morphological diagnosis.
Principle component analysis identified a set of genes which
plays important role in different stages of tumor development.
Although many genes were related to tumorigenesis and
development of esophageal cancer, further investigation is still
needed to elucidate which gene (s) is the most critical one (s)
to this complex process.
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Abstract
AIM: To introduce an animal model of hepatocellular
carcinoma (HCC) in ACI-rats, and to evaluate the therapeutic
effects of Poly-lactide-co-glycolide(Plcg)-microspheres in the
transarterial chemoembolization (TACE) in this model, as
well the value of this model in the experiments of
interventional therapy.
METHODS: Subcapsular implantation of a solid Morris
Hepatoma 3 924A (1 mm3) in the livers was carried out in
11 male ACI-rats. The tumor volume (V1) was measured by
magnetic resonance imaging (MRI) (13 days after
implantation). After laparotomy and retrograde placement
of catheter into the gastroduodenal artery (14 days after
implantation), the following protocols of interventional
treatment were performed: (A) mitomycin C+Poly-lactideco-glycolide(Plcg)-microspheres (n=4); (B) 0.9 % NaCl
(control group, n=7). 13 days after these therapies the change
of the tumor volume (V2) was determined by MRI again.
RESULTS: The success rate of tumor implantation reached
to 100 %. The mean tumor volume before TACE (V1) were
0.082 cm3 in group A and 0.096 cm3 in group B respectively.
The mean tumor volume after TACE (V2) were 0.230 cm3 in
group A and 1.347 cm3 in group B respectively. The mean
V2/V1 were 2.860 in group A and 27.120 in group B
respectively. Compared to the control group (group B),
groups A showed a significant reduction of tumor growth
(P=0.004) in the period of observation.
CONCLUSION: The growth of liver tumor could be obviously
prevented by utilizing Plcg-mitomycin-microspheres in TACE
in animal model. This rat model of HCC is suitable for the
experimental studies of interventional therapy.
Qian J, Truebenbach J, Graepler F, Pereira P, Huppert P, Eul T,
Wiemann G, Claussen C. Application of poly-lactide-co-glycolidemicrospheres in the transarterial chemoembolization in an animal
model of hepatocellular carcinoma.World J Gastroenterol 2003;
9(1): 94-98
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world, responsible for an estimated one
million deaths annually[1,2]. In China, HCC has been ranked
second of cancer mortality since 1990s [3]. It has a poor
prognosis due to its rapid infiltrating growth and complicating
liver cirrhosis[4]. Surgical resection is still the only potentially
curative treatment for HCC, particularly for small HCC[3]. To date,
the resection rate for HCC is unfortunately less than 30 %[5, 6].
Transarterial chemoembolization (TACE) is currently the first
choice of treatment for most unresectable HCC and improve
the survival rate in selected patients[7-13]. However, the technical
variants of TACE have often been chosen on an empirical basis
and it is not always safe and effective[14-16]. Although TACE
advantageously combines arterial embolization of the vascular
supply of HCC with controlled intra-arterial infusion of
chemotherapeutic drugs, its application is limited by the lack
of appropriate and reliable embolization materials [15,16].
Recently, poly-lactide-co-glycolide (Plcg)-microspheres has
been proved to be a new promising embolic agent[17,18]. In order
to study the interventional therapeutic strategies for HCC, it is
necessary to establish a suitable and reproducible animal model.
The aim of the present study was to introduce an animal model
of HCC with the technique of tumor implantation in ACI-rats,
and to evaluate the therapeutic effect of different methods of
TACE, including the efficiency of Plcg-microspheres in this
animal model. MRI was performed for measuring the tumor
volume before and after the TACE in this study.
MATERIALS AND METHODS
Tumor
Morris hepatoma 3 924A, a rapidly growing, poorly
differentiated hepatocellular carcinoma, was induced by dietary
administration of N-2-fluorenyldiacetamide in an ACI rat. The
hepatoma specimens were obtained from the German Cancer
Research Center in Heidelberg (DKFZ).
Animal
Inbred male ACI-rats weighing 200 to 220 g (n=15) were
obtained from the company of Harlan Winkelmann in
Germany. The animals were kept under conventional conditions
with a temperature of 22±2 , a relative humidity of 55±10 %,
a dark-light rhythm of 12 hr, and were fed standard laboratory
chow and tap water ad libitum.
Anesthesia
All interventional and imaging procedures were carried out under
intraperitoneally applied anesthesia with ketamine hydrochloride
(Ketanest, Parke-Davis, Germany; 100 mg·kg-1), Xylazinhydrochlorid (Rompun, Bayer, Germany; 15 mg·kg-1) and atropine
sulfate (Atropinsulfat Braun, Braun, Germany; 0.1 mg·kg-1).
Tumor implantation (At day 1)
The technique for tumor implantation was basically similar to
that described by Yang et al[19,20] with minor modifications[21].
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The Morris Hepatoma 3 924A tumor tissue, recovered from
the passaged animals 2 weeks after subcutaneous implantation
(corresponding to 5×106 tumor cells), was cut into small cubes
about 1 mm3.
The recipient ACI-rats were intraperitoneally anesthetized,
and the upper abdomen was shaved. A small subcapsular
incision on the left lateral lobe of the liver was made. The
tumor fragment was gently placed into the pocket with a small
cotton swab on the liver surface as hemostasis and the
abdominal wall was then closed.

Catheterization and TACE (At day 14)
A PE-10 polyethylene catheter (inner diameter 0.28 mm, outer
diameter 0.61 mm; Wenzel/Heidelberg, Germany) was used
for experiments of TACE under a second laparotomy. By using
a binocular operative microscope (M651, Leica/Wetzler,
Germany), the catheter was retrograde inserted into the
gastroduodenal artery (Figure 1). After slightly drawing the thin
rope around the common hepatic artery, the following different
agents were injected through the catheter: Group A (n=4):
TACE with mitomycin C (0.25 mg·kg-1) and Plcg-microspheres
(200 mg·kg-1, diameter: 40 µm; Institute of Pharmacological
Technology, Philipps University, Marburg/Germany).
Group B (control group, n=7): injection of 0.9 % NaCl alone.
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hemorrhage and metastase of the tumor were not observed.
The liver tumor was well discernible from the surrounding
liver tissue on each image.

A

B

Figure 2 MR images of HCC before the application of PlcgMitomycin-microspheres: (a) T1-weighted image (400/14 ms)
showed a hypointense pattern in the left lateral lobe of the liver,
(b) T2-weighted image (3 000/96 ms) showed a hyperintense
pattern in the liver. Necrosis, hemorrhage and metastase of
the tumor were not observed.

Figure 1 Catheterization of the gastroduodenal artery in vivo

MRI
MRI was performed in a 1.0 Tesla Magnetom superconducting
system (Siemens, Erlangen, Germany) supplemented by a
commercial coil (Small Field of View) before and after the
catheterization (At day 13 and 27). T1-weighted (TR/TE, 400/
14 ms) and T2-weighted (TR/TE, 3 000/96 ms) axial SE images
with spatial presaturation for controlling the flow artifact were
acquired. Slice thickness was 2.0 mm, Matrix was 192×256.
There was no gap between sections. The findings on T1- and
T2-weighted SE images were examined in all 11 rats. Tumor
volume was determined and evaluated according to the formula:
Tumor volume (mm3)=Length(mm)×Width2(mm)2/2[22].
RESULTS
In all the rats receiving tumor implantation with Morris Hepatoma
3 924A, the rate of tumor implantation reached 100 %. None of
the animals died during implantation or in the postoperative period.
The sensitivity of MRI for detecting HCC reached 100 %.
HCC showed a hypointense pattern on T1-weighted images
and a hyperintense pattern on T2-weighted images in the left
lateral lobe of the liver (Figure 2, Figure 3). Necrosis,

A

B

Figure 3 MR images of HCC after the application of Plcg-Mitomycin-microspheres: (a) MRI T1WI (400/14 ms); (b) MRI
T2WI (3 000/96 ms). The tumor volume after the application
of Plcg-Mitomycin-microspheres was not changed compared
to that before the application.
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The efficiencies of Plcg-Mitomycin-microspheres in the
interventional therapy of HCC in ACI-rats were shown in Table 1.
Table 1 The efficiencies of Plcg-Mitomycin-microspheres in
the interventional therapy of HCC in ACI-rats
Group A (Plcg)

Group B (control group)

Mean volume (V1) before TACE (cm3)

0.082

0.096

Mean volume (V2) after TACE (cm )

0.230

1.347

Mean V2/V1

2.86

27.12

3

Compared to the control group (group B), groups A showed a
significant reduction of tumor growth (P=0.004) in the period
of observation by t-test.

DISCUSSION
In order to investigate the efficiency of TACE for HCC, it is
necessary to have a suitable and reproducible animal model.
Various animal models of liver tumor have been established.
The diethylnitrosamine model for hepatic tumor induction was
simple, and provided a more representative range of tumors
for experimental evaluation. However, the high mortality of
the animals and various localization/number/size of the tumor
in the liver were the major shortcomings. Therefore, the
application of this model was extremely limited. The technique
with a needle injection of tumor cells into hepatic parenchyma
often caused tumor spill from the puncture channel and might
result direct injection of the tumor cells into the circulation[19].
Although a relative high tumor take rate could be obtained by
using the Walker-256/VX2 model in rats or rabbits with the
technique of tumor implantation, these animal models belonged
to carcinosarcoma or adenocarcinoma and were usually utilized
for the study of liver metastases[23-27]. It is well known that the
metastasis way and the therapeutic strategies as well the related
effects of HCC and sarcoma are quite different from the aspect of
histopathology, and a characteristic of HCC which distinguishes
it from most metastases to the liver is that it is a highly vascular
tumor[28], so that these animal models are unsatisfactory and not
suitable for studying the interventional therapy.
In our present study, an animal model of HCC with the
technique of tumor implantation previously described by Yang
et al[19,20] was established. The rate of tumor implantation
reached 100 %[17]. Necrosis, hemorrhage and metastases of the
tumor were not observed. Histopathologically, Morris
hepatoma 3 924A was a poorly differentiated hepatocellular
carcinoma, mimicking the Edmondson grade-III hepatoma in
humans[20] (Edmonson’s classification is based on the degree
of differentiation of HCC). The appropriate growth speed of
the liver tumor made it easy for MRI examination[29]. The blood
supply of the tumor mainly came from hepatic arteries which
was similar to that in human liver cancers[19, 29]. As is known to
all, HCC was usually hypervascular except for differentiated
HCC and TACE was usually effective only for hypervascular
HCC[30-33]. Compared to other animal models, our rat model
was more suitable for the study of interventional therapy of HCC,
and the related conclusion of the study was more convincing.
MRI examination for measuring the tumor volume without
utilizing contrast media was carried out in our experiments.
There was no single parameter better than tumor growth rate
that could give information on the effects of different
therapeutic maneuvers on tumor growth[22]. In another study
of ours, we have demonstrated that MRI as an invasive imaging
modality was superior to CT, DSA in the diagnosis of HCC in
experiments[29]. It was supported by histological examination
that MRI was also superior to ultrasonography for judging the
tumor dimensions [29]. Another advantage of MRI was its
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excellent soft-tissue contrast resolution [34]. T1-weighted
imaging was superior to T2-weighted imaging in depicting
early HCC, but the latter could be useful in evaluating the
progression of HCC in the histopathologically early stages[35].
The signal intensity on T2-weighted images correlated with the
histological grade and histopathological change of HCC[35-37].
The detectability of MRI was 100 % in the present study. HCC
showed a hypointense pattern on T1-weighted images and a
hyperintense pattern on T2-weighted images in the left lateral
lobe of the liver. Necrosis, hemorrhage and metastase of the
tumor were not observed. The contrast between the tumor and
surrounding normal liver parenchyma was clear to observe.
Based on these results, we concluded that MRI was useful in
the assessment of the therapeutic effects of TACE in HCC.
TACE is one choice of the palliative treatment for unresectable
HCC, particularly for patients with multifocal HCC and with
acceptable liver functions. TACE caused tumor necrosis by
occlusion of the feeding artery of HCC, and its clinical
efficiencies have been generally recognized[38-41]. By using
TACE with a combination of cytostatic drugs (mitomycin,
doxorubicin, epirubicin, cisplatin, 5-Fu), a reduction of vital
tumor tissue could be achieved[42-44], although the prolongation
of survival remained questionable[45, 46]. As stated before,
although TACE advantageously combined arterial
embolization of the vascular supply of a neoplasm with
controlled intra-arterial infusion of chemotherapeutic drugs,
its application was limited by the lack of appropriate and
reliable embolic agents. The major problem with embolic
agents are twofold[47]: first, they could often completely obstruct
the hepatic artery, leading to difficulties in administration of
subsequent courses of hepatic artery chemotherapy. With a
relative short half-life of embolic agents, the effectiveness of
TACE was not significantly improved; and second, it was easy
to aggravate the liver cirrhosis and lead to hepatic failure after
repeated TACE. The optimal treatment modality of TACE was
unknown[14, 48].
Recently, Plcg-microspheres have been proved to be a new
promising embolic agent in TACE in experiments[17,18]. Verrijk
and co-workers [49,50] reported that TACE with Plcgmicrospheres and CDDP significantly improved the delivery
of cytotoxic drugs to liver tumor and simultaneously reduced
systemic toxicity in animals. Plcg-microspheres are
biodegradable polymers with high molecular size and possess
a good tissue compatibility. The degradation rate of
polylactides is known to depend on the polymer microstructure
that may be of the L, D or D, L type. The polyester lifetime
could be controlled in a range of a few days or months[49-51]. It
has been suggested that this drug could slowly release into the
tumor tissues principally by a diffusion mechanism. It has also
been indicated that the microspheres size of 40 µm allows a
distal and homogeneous migration of the embolic agent within
the targeted organ, without passing through the capillary
filter[18], it is this reason that Plcg-microspheres with the size
of 40 µm were chosen in our experiments. Verrijk et al[49,50]
also demonstrated, that the absence of a burst effect and an
adequate CDDP release from Plcg-CDDP-microspheres then
significantly prolonged the first-pass effect, with the result that
low systemic platinum levels were maintained while a liver
platinum concentration was achieved which was high enough
for an antitumor effect. The results of our present studies
indicated that Plcg-microspheres could effectively retard the
growth of HCC. Compared to the control group (group B),
groups A (Plcg) showed a significant reduction of tumor growth
(P=0.004) in the period of observation by t-test. The therapeutic
efficiencies of Plcg-mitomycin-microspheres was similar to
Gelform+Mitomycin+Lipiodol in our another study (Mean V2/
V1=2.86, P=0.748, unpublished results).
To conclude, the growth of liver tumor was markedly

Qian J et al. TACE in animal model of HCC

prevented by the use of Plcg-mitomycin-microspheres in the
TACE in an animal model. This effective and reliable embolic
agent might be useful in clinic in future. However, the
mechanism of effect of Plcg-microspheres is not clear so far.
Data on a large number of animals and the test of application
of various cytotoxic agents in the TACE, as well the repeated
TACE will be required.
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Abstract
AIM: To investigate the risk factors of colon cancer and
rectal cancer.
METHODS: A nested case-control study was conducted in
a cohort of 64 693 subjects who participated in a colorectal
cancer screening program from 1989 to 1998 in Jiashan
county, Zhejiang, China. 196 cases of colorectal cancer were
detected from 1990 to 1998 as the case group and 980
non-colorectal cancer subjects, matched with factors of age,
gender, resident location, were randomly selected from the
64 693 cohort as controls. By using univariate analysis and
mutivariate conditional logistic regression analysis, the odds
ratio (OR) and its 95 % confidence interval (95 %CI) were
calculated between colorectal cancer and personal habits,
dietary factors, as well as intestinal related symptoms.
RESULTS: The mutivariate analysis results showed that after
matched with age, sex and resident location, mucous blood
stool history and mixed sources of drinking water were closely
associated with colon cancer and rectal cancer, OR values for
the mucous blood stool history were 3.508 (95 %CI: 1.3708.985) and 2.139 (95 %CI: 1.040-4.402) respectively; for the
mixed drinking water sources, 2.387 (95 %CI: 1.243-4.587)
and 1.951 (95 %CI: 1.086-3.506) respectively. All reached
the significant level with a P-value less than 0.05.
CONCLUSION: The study suggested that mucous blood
stool history and mixed sources of drinking water were the
risk factors of colon cancer and rectal cancer. There was no
any significant association between dietary habits and the
incidence of colorectal cancer.
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INTRODUCTION
Colorectal cancer is one of the most common malignant
tumors[1-6]. During the past decades, the incidence of colorectal
cancer was increased all around the world, more than 500 000
cases were diagnosed as colorectal cancer per year. In the east

of China, there has been a higher incidence of colorectal cancer.
In Jiashan County, the mortality rate of colorectal cancer was
the highest among China, which is about 20/100 000 per year [7].
The causes of colorectal cancer are generally regarded as
two aspects: heredity and environment[8-10]. The former includes
family history of cancer, intestinal polyp history, and so on.
The later includes particularly dietary habit and physical activity.
Nested Case-Control Study (NCCS), an analytical
epidemiological study method, was first presented by Mantel
N, an American epidemiologist, in 1973[11], and it was widely
used after 1980’s[12-21]. All the subjects in such study are selected
from a whole cohort, which is generally called cohort set.
Compared with the cohort study, NCCS has the privilege of
time-saving, money-saving, and trouble-saving; while
compared to case-control study, since the exposure data are
collected before the incident of disease, it is certain of the causes
and time consequences relationship, and observational bias
could be controlled efficiently. All of these characteristics of
NCCS are suitable to the study of chronic disease, such as cancer.
There are many reports on the risk factors of colorectal cancer
using classical case-control study method, however, few studies
used nested case-control study method[22-29]. The purpose of this
study is to explore the risk factors of colorectal cancer, providing
evidence for the prevention of colorectal cancer.

MATERIALS AND METHODS
Selection of cases and controls
A colorectal cancer screening program beginning on 1st May
1989 and ending on 30 th April 1990 was conducted in ten
countries which belonged to Jiashan county, Zhejiang province,
China, including Weitan town, Yangmiao country,
Xiadianmiao country, et al. From 75 842 eligible subjects aged
30 years and over, 64 693 subjects were enrolled as the base
cohort set, the respondence rate was 85.3 %. Moreover, Jiashan
county has founded cancer registration system and colorectal
cancer report system, monitoring new cancer cases, including
colorectal cancer. The cases in this study, who had participated
in the 1989-1990 screening program, were the new colorectal
cancer patients reported by Institute of Cancer Research and
Prevention of Jiashan county. Up to 1998, the total number
was 196 cases. Of which, 151 cases were pathological
diagnosed, account for 77.1 %, 20 cases were diagnosed in
the operation, 10.2 %, 23 cases were diagnosed by endoscopy,
11.7 %. Under the principle of same-country or town, samesex, and no more than 3 years age disparity, 980 non-colorectal
cancer subjects in the cohort set were selected as controls,
resulting the final study subjects of 196 cases and 980 controls.
Contents of the study
The study contents composed of three parts as follow: (1).
General characteristics: including age, sex, job types, educational
levels, address et al; (2). Personal habits: including dietary habits,
drinking water sources, alcohol consumption and cigarette
smoking, et al; (3). Symptoms and disease history related with
colorectal cancer: including changes of stool status, abdominal
operation history, intestinal disease history, asthma history and
allergy history, family cancer history, ancylostomiasis history,
drug using history, psychic stimulation history, and so on.
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Investigation methods and quality control
In the 1989-1990 screening investigation, a well-built
Investigation Manual as the uniform criteria for inquiring the
subjects and filling up the constructed questionnaire was used.
All interviewers were trained focusing on the skills of inquiring.
No subjects refused to be interviewed except that they were
out of towns. For building the database, the questionnaires were
coded and put into computer twice to control bias. The data
used in this study were taken from this database.
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Table 2 Results of univariate analysis for colon cancer (cases
n=84, controls n=420)
factors

95 % CI

χ2

P

1.481

0.846

2.593

1.890

0.169

drining mixed water source* (y=1,n=0) 2.273

1.255

4.117

7.332

0.007

drining gutter water (y=1,n=0)

1.639

0.777

3.457

1.680

0.195

drining well water (y=1,n=0)

0.542

0.338

0.870

6.445

0.011

Statistical analysis
Classical analysis methods of case-control study can be used
to NCCS data, usually calculating OR value. In this study,
Chi-square test was used in the univariate analysis of the data;
conditional logistic regression was used in the multivariate
analysis. The SPSS 10.0 for windows and the SAS system for
windows, version 6.12, were used for completing all the
statistical analyses.

chronic diarrhea history(y=1,n=0)

2.018

1.003

4.060

3.871

0.049

constipaton history(y=1,n=0)

0.483

0.171

1.363

1.888

0.169

appendicitis history(y=1,n=0)

1.697

0.966

2.981

3.386

0.066

appendix operating history(y=1,n=0)

1.707

0.873

3.334

2.446

0.118

intestinal polyps history(y=1,n=0)

6.503

2.009

21.049

9.762

0.002

RESULTS
General information
In this study, there were 196 cases (84 colon cancer, 112 rectal
cancer) and 980 controls. The distribution of age between cases
and controls for male and female was shown in Table 1.

Table 3 Results of univariate analysis for rectal cancer (cases
n=112, controls n=560)

drining mixed water source (y=1,n=0) 2.021

1.170

Table 1 The distribution of subjects by age and sex

mucious blood history (y=1,n=0)

2.138

defaecation drug using (y=1,n=0)

2.280

cholecyst excision history (y=1,n=0)

2.294

male

female

age
case

control

case

control

30-

3

15

7

35

35-

9

49

3

15

40-

14

69

3

19

45-

11

52

14

66

50-

21

110

14

78

55-

24

114

22

104

60-

11

57

13

63

65-

11

54

3

15

70-

2

10

5

26

75-

2

10

3

14

80-

0

0

1

5

108

540

88

440

Total

The average age of case group was 54.5±10.6 years, while
that of the control group was 54.3±10.6 year, there was no
statistically significant difference (t=0.127, P=0.899).For sex,
there was also no difference statistically (χ2=0.001, P=0.979).

Univariate analysis
In order to control the possible confounding bias the age, sex
and resident location were matched in the study design. Given
that the risk factors of colon cancer might be different from
that of rectal cancer, the analysis of the risk factors were
separated into colon cancer and rectal cancer, instead of
colorectal cancer. The OR and its 95 % confidence intervals
(95 %CI), χ2 and P values in the univariate analysis were
showed respectively in Table 2 and Table 3 (the variables
showed P>0.20 were excluded).

pork eating(y=1,n=0)

OR

*drinking mixed water source refers to the subjects drinking
different type of water sources through his/her lifetime ,mostly
drinking river water and gutter water. So is Table 2,3 and 4

factors

OR

χ2

P

3.491

6.363

0.011

1.122

4.072

5.335

0.021

0.711

7.312

1.923

0.166

0.715

7.352

1.195

0.163

95 % CI

In Table 2, it was showed that four variables, well water drinking,
mixed water source drinking, chronic diarrhea history and intestinal
polyp history, were significantly associated with colon cancer (P<0.05).
The factor of appendicitis history showed an OR value close to significant level (P=0.066). For rectal cancer in Table 3, there were two variables
reached the significant level of P=0.05, which were mixed water source
drinking (OR=2.02) and mucous blood stool history (OR=2.14).

Mutivariate analysis
The variables showing associations with the risk of colon cancer
and rectal cancer at P<0.15 level were further tested in forward
stepwise conditional logistic regression models. The final
model consisted of those variables showing a significant
association with the risk of colorectal cancer at P<0.05 level.
Results were showed in Table 4 and Table 5 for colon and
rectal cancers, respectively.
Table 4 Results of multivariate analysis for colon cancer
factors

OR

95 % CI

P

drining mixed source water (y=1,n=0)

2.387

1.243

4.587

0.009

mucous blood history (y=1, n=0)

3.508

1.370

8.985

0.009

Table 4 and Table 5 illustrated that, at P=0.05 level, both for
colon cancer and rectal cancer, the final logistic regression model
comprised two factors: mixed water source drinking and mucous
blood stool history.

Table 5 Results of multivariate analysis for rectal cancer
factors

OR

95%CI

P

drinking mixed water source (y=1, n=0)

1.951

1.086

3.506

0.025

mucous blood history (y=1, n=0)

2.139

1.040

4.402

0.039

factors

2.870

1.117

7.371

0.029
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DISCUSSION
It is generally believed that colorectal cancer is the combined
outcome of heredity and environment [8-10,30] . Despite
uncertainties regarding the underlying association between
heredity and colorectal cancer, the genetic factors may affect
the individual sensitivity to cancer[3,30-37]; many documents had
reported that the environmental factors might also influence
colorectal cancer [37-49]. On the secondary prevention for
colorectal cancer, symptoms and/or disorders of pre-cancer,
such as intestinal polyps, ulcerative colitis, should be
considered[50,51].
Univariate analysis results of this study showed that drinking
well water is a protective factor for colon cancer, OR value
was 0.542, (P<0.05); drinking mixed water, mostly drinking
river water and gutter water, was a risk factor both for colon
cancer and rectal cancer, OR values were 2.387 (95 %CI:
1.247-4.587) and 1.951 (95 %CI: 1.086-3.506) in multivariate
conditional logistic model, respectively. The association
between drinking mixed water and colorectal cancer is
consistent with former study. In this study, country subjects
account for about 75 %, most of the mixed water drinking
aggregated in country. In the local country, people usually were
drinking river water and well water. It reflects that uncertainty
of drinking water source, especially mixed drinking river water
and gutting water would increase the incidence of colon cancer
and rectal cancer. The findings in this study resembled other
study reports[47,52].
Chronic diarrhea, mucous blood stool and constipation
history are the pre-clinical symptoms of colorectal cancer[53-56].
This study has found the positive association between mucous
blood stool history and colorectal cancer. In final colon cancer
logistic model and rectal cancer logistic model, the OR values of
mucous blood stool history were 3.508 (95 %CI: 1.370-8.985)
and 2.139 (95 %CI: 1.04-4.402) respectively, both reached
statistical significant level. Univariate analysis also showed
that, for colon cancer, the OR value of chronic diarrhea history
was 2.018 (95 %CI: 1.023-4.06), P<0.05, but did not enter the
final logistic regression model.
Intestinal polyp history commonly regarded as a high risk
factor for colorectal cancer[57-65]. Although the univariate
analysis result showed a positive association between intestinal
polyp history and colon cancer, OR=6.503 (95 %CI: 2.00921.049), P<0.05, after being matched with age, sex and
location, the factor did not enter the final logistic regression
model. However, the association between intestinal polyp
history and rectal cancer could not reach the significant level
even in the univariate analysis.
Although the association between dietary habits and
colorectal cancer has been reported[35,38,39,41,45,49, 66,67], this study
was not able to confirm such a positive association. It was
reported that increasing fat while reducing fibrous in diet would
increase the incidence of colorectal cancer[68-70]. In this study,
after merging the two variables, pork eating and vegetable
eating, into one variable by cross-difference method, we got a
negative association. Red meat eating, such as fish cooked with
soy souse, was reported to be the risk factor of colorectal
cancer [71], but the result of this did not agree with that.
Moreover, recent reports were not consistent with each other
about the association between cigarette smoking and colorectal
cancer, nor does the alcohol consumption[71-76]. This study did
not find any statistical association between cigarette smoking,
nor was alcohol consumption and colorectal cancer.
Nested case control study, namely case control study within
cohort, is based on a cohort set. After baseline investigation
for the cohort set, including population structure, exposure
factors and pertinent factors, the study subjects are divided
into two groups: the disease individuals form the case group
and the individuals of control group need to be randomly
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selected from the non-disease subjects. This kind of study can
be analyzed statistically as a case-control study. The risk factors
found in nested one are certain in cause and time consequence.
In addition, the number of case in this study was abundance
after ten years of follow-up; the controls were randomly
selected from the whole disease-free cohort set and can
represent the normal public population well. All of these endue
the results with persuasion.
It should be noted that, after ten years of follow-up, some
exposure factors may have changed, factors such as dietary
habits, drinking water sources, intestinal disease history may
be different from the primate investigation. All the changes
may discount the preciseness of the conclusion. That the
association between dietary habits and colorectal cancer could
not be put forward any positive evidence might be explained
by such changes.
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Abstract
The liver is the commonest site of distant metastasis of
colorectal cancer and nearly half of the patients with
colorectal cancer ultimately develop liver involved during
the course of their diseases. Surgery is the only therapy
that offers the possibility of cure for patients with hepatic
metastatic diseases. Five-year survival rates after resection
of all detectable liver metastases can be up to 40 %.
Unfortunately, only 25 % of patients with colorectal liver
metastases are candidates for liver resection, while the others
are not amenable to surgical resection. Regional therapies
such as radiofrequency ablation and cryotherapy may be
offered to patients with isolated unresectable metastases
but no extrahepatic diseases. Hepatic artery catheter
chemotherapy and chemoembolization and portal vein
embolization are often used for the patients with extensive
liver metastases but without extrahepatic diseases, which
are not suitable for regional ablation. For the patients with
metastatic colorectal cancer beyond the liver, systemic
chemotherapy is a more appropriate choice. Immunotherapy
is also a good option when other therapies are used in
combination to enhance the efficacy. Selective internal
radiation therapy is a new radiation method which can be
used in patients given other routine therapies without effects.
Liu LX, Zhang WH, Jiang HC. Current treatment for liver
metastases from colorectal cancer. World J Gastroenterol 2003;
9(2): 193-200
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INTRODUCTION
Colorectal cancer is one of the commonest solid tumors in
human beings and is responsible for approximately 10 percent
of the cancer death in Western world[1-5]. The incidence of
colorectal cancer is also increased recently in China[6-8]. The
liver is the commonest site of distant metastasis in this disease
and nearly half of the patients with colorectal cancer ultimately
develop liver involved during the course of their diseases.
Treatment of primary colorectal cancer with surgical resection,
combined with chemotherapy and radiotherapy in some cases,
is effective in many patients. But, about 10-25 % patients had
liver metastases at the time of primary diagnosis and another
20-25 % patients developed metachronous liver metastases[9-12].
Death of colorectal cancer is often a result of liver metastases.
Over half patients died from their metastatic liver diseases.

Surgical resection of distant metastases in colorectal cancer
can produce long-term survival and cure in some selected
patients. Surgery is the only therapy that offers any possibility
of cure for the patients with hepatic metastatic diseases. The
five-year survival rates after resection of all detectable liver
metastases can reach up to 40 %. Unfortunately, only 25 % of
the patients with colorectal liver metastases are candidates for
liver resection, while the others are not amenable to surgical
resection. Chemotherapy and some newer therapies are
expected to raise the survival time for the unresectable
colorectal liver metastases[13-15].
This article reviews the natural history of colorectal cancer
liver metastases, pretreatment assessment of patients, surgical
resection of liver metastases, systemic and hepatic artery
chemotherapy (hepatic artery infusion, HAC, HAI), hepatic
artery chemoembolization, portal vein embolization,
immunotherapy and selective intra-artery radiation therapy
(SIRT), and other regional therapies, including cryotherapy,
radiofrequency ablation (RFA).

NATURAL HISTORY
Understanding the natural history of colorectal cancer is useful
to assess the value of various treatments. About 60 % patients
who underwent curative surgery for colorectal cancer will
develop local, regional, or distant recurrence. Nearly 85 % of
tumors recurrence are detected within 2.5 years after resection
of primary colorectal cancer, and the remaining 15 % are
detected within the next 2.5 years. Median survival for these
patients was found to be between 5 and 9 months [16,17].
However, the majority of patients in former studies had
advanced diseases diagnosed without modern imaging
techniques. Several previous studies have retrospectively
determined the survival of patients with potentially resectable
colorectal cancer liver metastases that left untreated. It was found
that a 0 % five-year survival for patients with untreated but
potentially resectable liver metastases compared with a 28 %
five-year survival for operated patients with resected liver
metastases[18]. Another study found that patients untreated but
potentially resectable liver metastases had a mean survival of
21.3 months[19]. Other study found patients with an untreated
single liver metastasis had a median survival of 19 months,
with no patients surviving 5 years, while patients with a resected
single liver metastasis had a median survival of 36 months
with 25 % of patients surviving five years[20]. It is well known
that resection of colorectal cancer liver metastases improves
long-term survival.
PRETREATMENT ASSESSMENT
Synchronous liver metastases from colorectal cancer may be
detected before operation or during operation. Suspicious liver
lesions should be biopsied and send to freezing pathology
during the operation. Metachronous liver metastases may be
found after the operation of colorectal cancer by physical
examination, blood test, and radiological imaging. Further
evaluation of patients with colorectal cancer liver metastases
depends on the available treatment procedures. If the patients
are not suitable to operation, confirmation of the presence of
metastatic lesions by ultrasound and CT scan is sufficient, no
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matter of number and size of the lesions. If patients are
candidates for surgical resection of liver metastases, a series
of examinations should be done to determine the liver function
and general condition to tolerate liver resection, to delineate
exactly the anatomy of the lesions including the number, size
and relationship with vessels and bile ducts, and to exclude
the presence of extraheapatic disease.
Candidates for surgical resection of colorectal cancer liver
metastases should be under a detailed history and physical
examination, hematology test, liver function test, chest X-ray,
and abdominal and pelvic CT scans. Patients should undergo
colonoscopy to rule out the recurrence of the original primary
colorectal cancer or development of a second primary
colorectal cancer, if they had not already done within the past
6 months. A range of imaging techniques, including
transabdominal ultrasound, CT scan, CT arterioportography
(CTAP), magnetic resonance imaging(MRI), and positron
emission tomography (PET) can provide information of liver
metastases and extrahepatic diseases [21]. Transabdominal
ultrasound examination of liver correctly identifies around
52-58 % of patients who had liver metastases. Ultrasound
may be most appropriately used because it is cheapest and
readily available. But transabdominal ultrasound plays no
role in the preoperative evaluation of potential liver resection
candidates[22-24]. Abdominal CT scan is mostly used for the
assessment of liver metastases, in which images are usually
hypoattenuated relative to normal liver. The use of intravenous
contrast increases the detectability of liver metastases because
normal liver is perfused primarily by portal vein and liver
metastases are perfused mostly by hepatic artery. Hypoattenuated
liver metastases are more easily recognized following the
intravenous contrast on CT scan during the portal venous phase.
The sensitivity of helical CT of liver metastases was 80 %[25,26].
We often used more sensitive CT arterioportography (CTAP)
which is an invasive method to investigate the metastatic liver
lesions. We firstly placed a catheter into the superior mesenteric
artery and then captured the liver CT images during the arterial
and portal venous phase following contrast injection. The
overall sensitivity for detection of liver metastases helical
CTAP exceeded 90 %. But, perfusion abnormalities and
pseudolesions were frequently observed with CTAP, thereby
significantly reducing the specificity of this technique[27-29].
Magnetic resonance imaging (MRI) is increasingly utilized
for the diagnosis and characterization of liver lesions,
particularly the liver-specific contrast agents and dynamic
scanning have been incorporated. One liver-specific contrast
agent, manganese-pyridoxal diphosphate (Mn-DPDP), is a
paramagnetic agent taken up preferentially by hepatocytes and
excreted in the bile. The popularity of MRI is also due to its
non-invasiveness in some centers [30,31]. PET is a newer
technique which can scan the whole body. It is mainly used to
rule out the potential extrahepatic diseases which could not be
identified by other methods before operation[32,33].
Laparoscopy is usually used for preoperative evaluation
of metastatic liver diseases. Laparoscopy with laparoscopic
ultrasound may be the most sensitive imaging technique for
detection of liver metastases. Laparoscopy can prevent
laparotomy in some unresectable cases with liver metastases
which were judged resectable preoperatively by conventional
imaging studies[34]. But it is still an invasive procedure which
need general anesthesia. Therefore, laparoscopy was not
routinely used unless the resectablity of the lesions was not
determined by other methods.

SURGERY
Patients without extrahepatic diseases and with good liver
function and general condition are candidates for surgical
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resection, while all liver metastases can be resected with at
least 1 cm tumor-free margin. Up to 75 % of the liver can be
removed if the liver function is normal. Recognition of the
segmental basis of liver anatomy led to the evolution of the
segment-based resection. This has had a particular influence
on surgery for colorectal metastases because it allows excision
of bilateral or multiple liver lesions that might previously have
been deemed unresectable. Staged resection is another means
and may be useful for bulky bilateral lesions. In fact, one or
more segmental resections can often spare more normal liver
than a major resection or allow resection of metastases not
encompassed by a traditional major resection[35-39].
The surgical resection of liver metastases from colorectal
cancer first involves an exploratory laparotomy through a right
subcostal incision. The abdominal cavity is explored for signs
of extrahepatic disease, and suspicious areas are biopsied. The
liver is fully mobilized by dissection of its supporting ligaments
and palpated to identify lesions. Intraoperative ultrasound is
used at this point to identify nonpalpable lesions and delineate
vascular anatomy. No matter traditional liver resection or
segmental resection is performed, the goal of the operation is
complete removal of all metastases with at least a 1cm tumorfree margin. Although there are various methods of dividing
hepatic parenchyma, I prefer using ultrasonic surgical aspirator
in normal liver and a combination of ultrasonic surgical
aspirator and clamp fracture in cirrhotic liver. Small vessels
are controlled with electrocautery or hemoclips, and large
vessels are controlled with sutures. An argon beam coagulator
can also be used to achieve hemostasis in resection margin[40-42].
Vascular occlusion techniques, particularly the Pringle
maneuver, have had a major impact in minimizing blood loss
and reducing the morbidity associated with liver resection.
Selective vascular occlusion has been popularly accepted in
segment resection in patients with limited liver function. Total
vascular exclusion has become widely accepted as a means of
minimizing blood loss when we operated on difficult lesions.
Although few surgeons use total vascular exclusion routinely,
it is a technique that facilitates excision of lesions involving
the vena cava or those lying near the junction of the hepatic
veins and the vena cava. Some lesions which were previously
been thought unresectable can now be resected with the
reconstructed segments of hepatic inflow or outflow vascular
structure. Replacement of hepatic vein and vena cava with
autologous vein and prosthetic grafts respectively had been
fasciliated by the use of total vascular exclusion and a number
of techniques of liver transplantation. The use of venovenous
bypass in combination with in situ hypothermic perfusion and
ex situ resection and autotransplantation, have both been
important additions to the liver surgeons [43,44].
The operative mortality for major liver resections has declined
with improved operative techniques and postoperative care, but
still significant. Operative mortality ranged from 0 % to 7 %. The
causes of death include hemorrhage, sepsis, and liver failure. The
Morbidity of liver resection was between 22-39 %, and the causes
of morbidity included hemorrhage, biliary leak or fistula, liver
failure, abscess around liver, wound infection, and pneumonia.
Median survival ranged from 28 to 46 months. The five-year
survival was between 24 % and 38 %[45-48].
How many lesions are too many in colorectal cancer liver
metastases underlying liver resections? Many surgeons
consider four or more tumors in the liver to be a
contraindication for surgical resection before. But more and
more authors think that the number was not a limitation in
liver resection of colorectal cancer liver metastases with the
use of new techniques. The follow-up showed that there was
no significant difference in the mortality, morbidity and fiveyear survival between patients whose lesions more than four
and those less than four[49].
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RADIOFREQUENCY ABLATION (RFA)
The so-called RF thermal ablation works by converting RF
waves into heat. A high-frequency alternating current (100 to
500 kHz), mostly 460kHz, passes from an uninsulated electrode
tip into the surrounding tissues and causes ionic vibration as
the ions attempt to follow the change in the direction of the
rapidly alternating current. This ionic vibration causes frictional
heating of the tissues surrounding the electrode, rather than
the heat being generated from the probe itself. The goal of
RFA is to achieve local temperatures to make tissue destruction
occur [50-55]. Tissue heating also drives extracellular and
intracellular water out of the tissue and results in further
destruction of the tissue due to coagulative necrosis. Besides
these, different studies have shown that hyperthermia can cause
accelerated emigration and migration of peripheral blood
mononuclear cells, activation of effect cells, induction and
secretion of cytokines, expression of heat shock proteins, and
increased induction of apoptosis[56-58].
Most of the early reports on the use of RFA for colorectal
cancer liver metastases came from Rossi in Italy. In 1996, they
reported their results with percutaneous RFA in 50 patients, of
whom 11 patients had 13 metastases ranging from 1 to 9 cm in
diameter. Monopolar and bipolar needles were utilized and
multiple probe insertions and treatment sessions were
performed. There were no associated complications or deaths.
Of the 11 patients with metastases, two underwent subsequent
surgical resection, one of them had complete tumor necrosis
by histopathologic examination. At a median follow-up of 22.6
months, 10 (90 %) of 11 patients were alive, two (18 %) had a
local recurrence and seven (64 %) had persistent or distant
disease. Only one (9 %) patient, therefore, was alive without
disease. These studies suggested that although RFA was
effective in preventing local recurrence of metastases, it may
not affect the progressive course of the cancer[59].
Wood TF reported 231 tumors in 84 patients treated with
91 RFA procedures. The majority of the patients had metastatic
lesions (213 lesions in 73 patients). RFA was given in 51 of
the 91 treatments alone. The other 40 included RFA combined
with surgical resection, cryoablation, and hepatic artery
infusion of chemotherapy. Of the 91 RFA treatments, 39 were
ablated at laparotomy, 2 7 by laparoscop y and 25
percutaneously. Tumors ranged in size from 0.3 to 9.0 cm.
Three deaths occured, one (1 %) of which was directly related
to the RFA procedure. Ten patients underwent a second RFA
procedure (sequential ablations). It is due to progressive (seven
patients), and recurrent (three patients) lesions. A third RFA
procedure for large was performed in one patient. At a median
follow-up of 9 months (range 1-27 months), 15 (18 %) patients
had developed a local recurrence. Of the remaining 69 patients,
34 were alive without disease, 14 were alive with disease, and
21 died. New hepatic tumors or extrahepatic diseases occured
in 35 patients. The average hospital stay was 3.6 days[60].
Although RFA has a lot of advantages in the treatment of
metastatic liver tumors, it still has a few disadvantages and
complications. These complications included symptomatic
pleural effusion, fever, pain, subcutaneous hematoma,
subcapsular liver hematoma, and ventricular fibrillation. The
severe complication is treatment-related death. Interms of the
methods related to tumors, the outcome of RF thermal abalation
involves the skill of a surgeon performing the procedure. Exact
placement of the ablation needles requires considerable skill
and some degree of guess work by the radiologist and surgeon,
who may be the most experienced in interventional procedures.
Recurrence at the treatment margin may result from an inability
to adequately kill the tumor the hepatic parenchyma adjacent
to the treated tumors. The abundant portal venous blood flow
present in normal hepatic parenchyma acts as a heat pump,
which makes the creation of thermal injury in normal liver
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more difficult than that it is in liver tumors. RF also caused
skin burn in percutaneous procedures, hemorrhage,
diaphragmatic necrosis, hepatic abscess, hepatic artery injuries,
bile duct injuries, renal failure, coagulopathy and liver failure,
which were severe and eventually fatal[61-64].
Although long-term observations are not available, RFA
will definitely give the surgeon a helpful hand and bring the
patients a better prognosis. But, RFA is unlikely to be curative
for most patients, it can relieve the symptoms of patients and
improve the quality of life of patients. RFA has been shown to
be safer and better tolerated as compared with other ablative
techniques, such as cryotherapy, laser ablation and microwave
ablation. RFA has been associated with fewer local recurrence.
RFA for unresectable liver tumors provides a relatively safe,
highly effective method to control local disease in some liver
metastatic patients who are not candidates for liver resection.
RFA also showed some better respect in combination with
surgical resection, hepatic artery chemotherapy. The most
interesting feature of RFA is the minimal-invasiveness with
zero mortality rate, significantly lower complications, reduced
costs and hospital days compared with surgery and other
therapies. Furthermore, in combination with other procedures,
RFA will improve the survival of patients with colorectal cancer
liver metastases[65,66].

CRYOTHERAPY
Cryotherapy has been mostly used as a regional therapy all
over the world for a long time [67,68]. Hepatic cryotherapy
involves the freezing and thawing of liver tumors by means of
a cryoprobe inserted into the tumors. During freeze/thaw
cycles, intracellular and extracellular ice formation occurs in
an area termed “the iceball”, leading to tumor destruction.
Hepatic cryotherapy is generally reserved for patients with liver
metastases from colorectal cancer in whom one or more lesions
are not surgically resectable. Some centers offer liver
cryotherapy as an alternative to surgical resection [69-71].
Cryotherapy can treat multiple lesions and salvages more
uninvolved liver parenchyma than surgical resection.
Cryotherapy may also be used to treat tumors intimately
associated with major vessels. But, major vessels may serve
as “heat-sinks” and prevent adequate freezing of immediately
adjacent tumors. Hepatic inflow occlusion may reduce the
incidence of inadequate freezing of tumors adjacent to large
blood vessels. Cryotherapy can also treat patients who are left
with a positive surgical margin after hepatic resection which
is called “edge cryotherapy”. Cryotherapy can also be used in
patients in whom underlying illness or hepatic insufficiency
precludes surgical resection[72-74].
Hepatic cryotherapy is performed by making an abdominal
incision, followed by exploration of the abdomen to search
for extrahepatic metastases. Intraoperative ultrasound is used
to identify and assess intrahepatic lesions[75,76]. For superficial
lesions, a cryoprobe can be placed into the center of the lesion
under direct vision. For deeper lesions, the probe can be inserted
into the center of the tumor under ultrasound guidance.
Sometimes two or three probes may be used for large lesions.
Freezing is continued until the iceball is at least 1 cm beyond
the tumor. Two or three cycles should be performed or combine
freezing with occlusion of hepatic inflow to increase tumor
destructive ice ball and negative edge of ice ball in some lesions.
It can also be done percutaneously under the guide of
ultrasound and CT scan[77].
The complications of cryotherapy include subsequent
hemorrhage of cracking frozen liver, bile collection, biliary
fistula, right-sided pleural effusion, liver abscess,
thrombocytopenia, myoglobinuria, arrhythmia, acute renal
failure, and cryoshock due to multi-organ failure with DIC.
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Overall morbidity rates range from 6 % to 29 %. Mortality
rates range from 0 % to 8 %, with an overall mortality rate of
1.6 %. Median survival ranged from 8 to 43 months. New or
improved liquid nitrogen delivery systems and together with
intraoperative ultrasound have led to significant advances in
cryotherapy over the past few years and its feasibility and safety
are now well accepted. Although long-term survival following
hepatic cryotherapy for liver metastases from colorectal cancer
is unclear, hepatic cryotherapy is still an option for patients
who are not candidates for surgical resection but enough to
cryoablation of all lesions. Cryotherapy is also an important
supplement of surgical resection and benefitial to the patients
with liver metastasis from colorectal cancer when combined
with surgery[78,79].

HEPATIC ARTERY CHEMOTHERAPY
Following resection of liver metastases from colorectal cancer,
recurrence will occur in 60-70 % of patients, most commonly
in the liver, so effective postoperative adjuvant treatment is
also required, during which chemotherapy is the main method.
Chemotherapy is also required in unresectable liver metastases
to sustain the survival rate[80-83]. However, the optimum regimen
and route of delivery should be clarified. As most drugs have
a steep dose-dependent curve, it is a basic pharmacokinetic
principle that if drug delivery is increased to tumors, the
response rates can be elevated. An alternative approach to liver
metastases is therefore, to deliver the drug intra-arterially[84,85].
Hepatic artery catheter chemotherapy has been a therapeutic
possibility for unresectable liver metastases for many years.
The rational for hepatic artery catheter chemotherapy is based
on the fact that liver metastases over 1 cm derive most their
blood supply from hepatic artery. The other rational is the high
first pass hepatic extraction of the drug used for this approach.
Both factors cause high local drug concentrations with reduced
systemic toxicity and allow relatively higher dosages as
compared with intravenous treatment[86,87].
Some studies compared intra-arterial chemotherapy with
conventional systemic chemotherapy and showed consistently
higher response rates in patients receiving intra-arterial
chemotherapy [88]. In the United Kingdom, patients were
randomized to receive intra-arterial chemotherapy through a
totally implantable infusion device; patients were given
systemic chemotherapy in other group. Survival was
significantly longer in the intra-arterial group (median survival
405 days compared with 226 days). The intra-arterial group
also had a better quality of life than those received systemic
chemotherapy[89]. Other studies showed that the response rate
was 43 % in the intra-arterial group compared with 9 % in the
systemic chemotherapy group. Furthermore, the intra-arterial
group showed a significant increase in the one-year survival
(64 % vs 44 %) and two-year survival (23 % vs 13 %). Other
studies also showed a higher response rates in intra-arterial
chemotherapy than in systemic chemotherapy[90].
In all studies, 5-FU and FUDR were chosen for the arterial
route of administration. As 84-99 % of FUDR is extracted by
the liver on first pass, it seemed logical to use FUDR to achieve
the dual objective of high levels within the tumor and low
plasma levels, thereby increasing the probability of the tumor’s
response while minimizing the systemic toxicity[91]. But 55 %
of patients using FUDR in the UK and French studies developed
extra-hepatic progress, suggesting that these patients may have
had occult extra-hepatic disease at the time of entry into the
trial or during the intra-arterial chemotherapy. The lower
plasma level of drugs has been misplaced, while 5-FU, which
has a higher plasma level than FUDR, should be preferred.
Although there are some complications in HAC, it is still a
feasible method for liver metastases from colorectal cancer.
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Most complications was related to the technique of surgery
and care of patients[92].
Comparison of intra-arterial with systemic chemotherapy is
an important topic that has not been resolved adequately. Some
groups were unable to detect any difference in recurrence of
hepatic colorectal metastases after liver resection among groups
treated with systemic, intra-arterial or intra-portal chemotherapy.
There are a lot of new agents such as Xeloda, currently being
assessed as adjuvant treatment for both primary colorectal cancer
and following resection of metastatic liver lesions[93-102].

HEPATIC ARTERY CHEMOEMBOLIZATION
Hepatic artery chemoembolizaton (HACE) was developed to
treat unresectable non-disseminated liver tumors [103,104].
Although HACE has not shown any benefit on survival, it
increased the response rate compared with systemic
administration of cytotoxic agents. HACE has been studied
mostly in the treatment of hepatocellular carcinoma, which
was also used in colorectal cancer liver metastases for some
clinical trails[105]. Preoperative HACE has been proposed as a
possible means of decreasing perioperative tumor
dissemination, but only in a small number of patients. Some
centers reported that HACE in patients with borderline
resectable tumors caused sufficient tumor shrinkage to allow
resection. Routine HACE produced no survival benefit on
patients with resectable tumors. It was only used in unresectable
tumors as an adjacent treatment[106,107].
PORTAL VEIN EMBOLIZATION
Preoperative portal vein embolization induced hypertrophy in
the normal liver which will be remnant and decreased the
likelihood of liver insufficiency occurring after extensive liver
resection[108,109]. It has not only mostly used in cholangiocarcinoma
but sometimes used in liver metastases from colorectal cancer.
Portal vein embolization may be performed either by
percutaneous ultrasonographically guided puncture of a portal
vein radical or by operative exposure of an ileocolic vein to
access portal vein. It can not only be performed in the right
portal vein to allow the left side hypertrophy in those who will
receive right hepatectomy, but also in left portal vein to allow
the right side hypertrophy in those who will receive extend
left hepatectomy. Portal vein embolization was well tolerated
and produced a less severe systemic reaction than intra-arterial
chemoembolization[110-113].
IMMUNOTHERAPY
Immunotherapy is mainly used in advanced diseases which
have failed to respond to conventional therapy. Levamisole,
a non-specific immune stimulate, was used in adjunctive
treatment with 5-FU as a immune modulator [114]. More
exploration of different combinations may provide new
adjuvant regimens. Some scientists have recently reported a
phase I-II clinical trial of neoadjuvant immonotherapy with
interlukin 2 before hepatectomy for liver metastases from
colorectal cancer in 19 patients. Pretreatment with interleukin
2 prevented the postoperative immunodepression seen in the
control patients[115,116]. Clinical trials have also shown that
the monoclonal antibody 17-1A was effective in increasing
the survival following resection of Dukes C primary
colorectal tumors. It can also be used as an adjuvant treatment
before or after liver resection for liver metastases from
colorectal cancer[88,117-119].
RADIOTHERAPY
Traditional external beam irradiation has found little place in
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the management of liver tumors because of the particularly
radiosensitive nature of normal liver tissues, which limits the
total dosage to 30-35 Gy[120-122]. Selective internal radiation
therapy (SIRT) is a new modality that may be valuable in
colorectal cancer liver metastatic patients which was not
suitable to resection, RFA and cryotherapy. SIRT is a technique
that allows high average doses of radiation of 200-300Gy to
liver tumors with minimal serious effects on the non-tumorous
liver. The treatment entails delivery of usually a single dose of
90
Yttrium microspheres into the hepatic artery, which by virtue
of the almost exclusive arterial supply to liver tumors compared
with the predominant portal supply to normal liver, resulting
in selective tumor uptake and irradiation. 90Yttrium is a
particularly suitable isotope for medical use in this situation.
As a pure beta emitter, it is simpler to handle and use than gamma
or mixed beta and gamma emitters such as131iodine[123,124]. In
addition, its half-life of 2.7 days and maximum penetration in
soft tissues of 11 mm both are suitable for the purpose. The
micropheres do not degrade and are of a size of 29-35 µm that
means they are trapped in the arteriolar capillaries. To avoid
the potential radiation pneumonitis and pancreatitis and
ulcaration of stomach and duodenum caused by inadvertent
perfusion. The placement of a hepatic artery port is particularly
important in terms of safety and efficacy. The high rate of
response and encouraging survival from SIRT have been
reported for hepatocellular and liver metastases from colorectal
cancer[125,126].

CONCLUSION
Patients with liver metastases from colorectal cancer that are
potentially resectable should be evaluated by experienced
surgeons and radiologists, because surgical resection remains
best treatment for long-term survival, although a minority of
patients are amenable to the resection. Patients who are not
suitable to surgical resection and who have no extrahepatic
disease can be considered for regional therapies such as RFA
and cryotherapy. Patients with extensive liver metastases,
Hepatic artery catheter chemotherapy and chemoembolization
can be considered as an alternative to systemic chemotherapy.
Portal vein embolization may be combined in the treatment of
patients with huge metastases. SIRT should be used for patients
without extrahepatic metastases who failed in the treatment
with 5-FU and other cytotoxic agents prefer. Systemic
chemotherapy should be administered in patients with
extrahepatic diseases. Immunotherapy can only be used to
amplify the efficacy of antitumor cytotoxic agents in
combination.
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Abstract
Stem cells are not only units of biological organization,
responsible for the development and the regeneration of
tissue and organ systems, but also are units in evolution by
natural selection. It is accepted that there is stem cell
potential in the liver. Like most organs in a healthy adult,
the liver maintains a perfect balance between cell gain and
loss. It has three levels of cells that can respond to loss of
hepatocytes: (1) Mature hepatocytes, which proliferate after
normal liver tissue renewal, less severe liver damage, etc;
they are numerous, unipotent, “committed” and respond
rapidly to liver injury. (2) Oval cells, which are activated to
proliferate when the liver damage is extensive and chronic,
or if proliferation of hepatocytes is inhibited; they lie within
or immediately adjacent to the canal of Hering (CoH); they
are less numerous, bipotent and respond by longer, but still
limited proliferation. (3) Exogenous liver stem cells, which
may derive from circulating hematopoietic stem cells (HSCs)
or bone marrow stem cells; they respond to allyl alcohol
injury or hepatocarcinogenesis; they are multipotent, rare,
but have a very long proliferation potential. They make a
more significant contribution to regeneration, and even
completely restore normal function in a murine model of
hereditary tyrosinaemia. How these three stem cell
populations integrate to achieve a homeostatic balance
remains enigmatic. This review focuses on the location,
activation, markers of the three candidates of liver stem
cell, and the most importantly, therapeutic potential of
hepatic stem cells.
Zhang Y, Bai XF, Huang CX. Hepatic stem cells: existence and
origin. World J Gastroenterol 2003; 9(2): 201-204
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INTRODUCTION
The considerable excitement surrounding the stem cell field is
based on the unique biological properties of these cells and
their capacity to self-renew and regenerate tissue and organ
systems[1-3]. Although the existence of a liver stem cell has
been debated for many years, it is now generally accepted that
the liver contains cells with stem-like properties and that these
cells can be activated to proliferate and differentiate into mature
hepatic epithelial cells under certain pathophysiologic
circumstances[4-8]. Cellular therapy with liver stem cells and
their progeny is a promising new approach which will
contribute to gene therapy of liver diseases[9-11].

HEPATOCYTES AS HEPATIC STEM CELLS
It has been estimated that the liver is replaced by normal tissue
renewal approximately once a year. The participation of
putative liver stem cells has never been demonstrated in this
process[12,13]. Replacement of lost liver tissues is accomplished
by proliferation of mature hepatocytes (and supporting
sinusoidal cells)[14]. In the classic partial hepatectomy (PH)
experiments, the loss of two-thirds of the rat liver is replaced
within 2 weeks by proliferation of hepatocytes[15-17]. Although
periportal hepatocytes appear to proliferate early after PH, all
hepatocytes, including those immediately adjacent to the
central vein, may undergo mitosis and proliferate promptly,
continuously replenish the lost cells. Overturf et al[18] performed
serial transplantation of a limited number of unfractionated adult
parenchymal hepatocytes in fumarylacetoacetate hydrolase
(FAH) deficiency mice. The results document that such cells
can divide at least 69 times without loss of functions. So it can
be concluded that hepatocytes are highly proliferative and have
growth potential similar to that of hematopoietic stem cells.
A cell population that has an extensive self-maintaining
capacity is the definition of stem cells. In this context, the adult
liver, having the extensive capacity of maintaining parenchymal
cell number throughout the life span of the organism, can be
considered as a single lineage stem cell system in which the
hepatocyte is the stem cell. Potten and Loeffler[19] proposed
stem cells as actual stem cells, potential stem cells, and
committed stem cells. So hepatocytes appear to be “committed
stem cells” that are normally quiescent, but can be activated to
produce progeny whose only differentiation option is hepatocytic.
HEPATIC STEM CELLS IN CANAL OF HERING
In the development of liver, the early fetal hepatocytes or
hepatoblasts are progenitors for both adult hepatocytes and
bile epithelial cells, which suggests that hepatoblasts are at
least bipotential precursors[20]. The question then arises whether
either or both of the cell lineages derived from the hepatoblast
retain the “bipotential capacity” of the precursor cells. There
is at present no substantial evidence indicating that adult
hepatocytes are more than a unipotential committed stem cell
system, while adequate data have been accumulated to show
that there really exist so-called “oval cells” in adult liver. Oval
cells have lineage options similar to those displayed by
hepatoblasts in early stages of liver development[21]. As such,
oval cells can be regarded as “bipotential precursors” for the
two hepatic parenchymal cell lineages. They are able to
differentiate into mature hepatocytes or cholangiocytes in
response to various types of stress or injury.
Morphologically, oval cells are small in size (approximately
10 mm), with a large nucleus-to-cytoplasm ratio, with an ovalshaped nucleus (hence their name). Oval cells are
heterogeneous, and may display features of both bile duct cells
and hepatocytes. Oval cells are activated to proliferate after
hepatocyte loss in the mature liver if liver damage is extensive
and chronic, or if proliferation of hepatocytes is inhibited, such
as by viral infection. Then their progeny extended across the
liver lobule and differentiated into either hepatocytes or bile
duct cells, ultimately rebuilt the liver[22,23]. In rodents, the
concept of the bipotential cell, the so-called oval cell, is now
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widely accepted, the existence of a human equivalent remains
controversial. In Heather’s experiments[24], immunolocalization
of OV-6 and two biliary markers, cytokeratin 19(CK19) and
human epithelial antigen 125(HEA-125) was compared in
normal adult human livers and in primary biliary cirrhosis
(PBC) and primary sclerosing cholangitis (PSC) liver sections.
It is proposed that the small OV-6-positive oval cells are
analogous to those seen in rat models and may represent human
liver progenitor cells that may differentiate into OV-6-positive
ductal cells or lobular hepatocytes. The most commonly
recognized tissue reaction in support of oval cells in human is
the appearance of “ductular reactions”[25]. Ductular reaction is
the proliferative response to many types of liver injury in
human, characterized by an increase of bile duct-like structures.
In a number of morphological studies, the presence of cells
with a distinctive “small” or oval cell-like appearance have
been reported in diseased human liver tissue[26,27]. This includes
severe hepatic necrosis, alcoholic cirrhosis, focal nodular
hyperplasia, hepatoblastoma, and biliary diseases such as
primary biliary cirrhosis or biliary atresia. These oval cell-like
cells are proliferative and can differentiate into hepatocytes
and cholangiocytes.
The anatomic location of oval cell has also been a subject
of controversy. Results from a detailed time course study of
activation of hepatic stem cells in the AAF/PH model, utilizing
a combination of immunohistochemistry with OV-6 and
desmin antibodies and autoradiography after [3H]thymidine
administration shortly after the PH, indicate that the earliest
population of proliferating OV-6 positive cells is located in the
small bile ductules. In addition, these early population of OV-6
positive cells express albumin and α-fetoprotein(AFP)[28].
Therefore, it seems likely that the major source of oval cells,
at least in the AAF/PH model, is derived from the lining cells
of the biliary ductules and that these cells constitute the
dormant/facultative hepatic stem cell compartment. Theise et
al’s experimental work[29] suggests that oval cells lie within or
immediately adjacent to the canal of Hering(CoH), which is
the anatomic juncture of the hepatocyte canalicular system,
and the terminal branches of the biliary tree.
Oval cells express similar markers to hepatocytes or bile
duct cells, like AFP, certain keratin markers (e.g., cytokeratin19
[CK19]), and γ-glutamyl transpeptidase. Monoclonal
antibodies such as OV-6, OC2, and BD1 also aid in their
characterization. High levels of certain mRNAs like AFP and
stem cell factor (SCF) can also be expressed by oval cells.
OV-6 identifies a cytokeratin of molecular weight 56 000, with
epitopes shared on cytokeratins (CKs) 14 and 19. It is present
in rat liver on bile ducts, oval cells, and nodular hepatocytes
as well as transitional hepatocytes[30]. In human liver, OV-6
identifies cells in the ductal plate, oval cells and bile ducts and
ductules in fetal tissue, and oval cells found in focal nodular
hyperplasia[31,32]. AFP is an abundant serum glycoprotein in
developing mammals. During embryonic development, AFP
is first detected in the yolk sac and later in the fetal liver. The
full-length AFP RNA and protein are highly expressed in the
primitive hepatoblasts and postnatal hepatocytes [33]. Full
length AFP has been shown to be expressed in oval cells and
small basophilic hepatocytes during the early stages of
carcinogenesis[34]. Hence, AFP expression can be used as an
indicator for an early hepatic lineage, and has also served as
an important marker for the activation of the hepatic stem cell
compartment. SCF, also called c-kit ligand, encodes a
transmembrane tyrosine kinase protein and belongs to the
subfamily of platelet derived growth factor. The SCF/c-kit system
is believed to play an important role in stem cell biology during
hematopoiesis, gametogenesis, and melanogenesis[35,36]. Studies
have shown that both SCF and c-kit are expressed in the bile
duct cells and the expression of both the genes is increased in
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oval cells in the 2-acetylaminofluorene and partial hepatectomy
model[37].

HEPATIC STEM CELLS FROM BONE MARROW
In the experiment by Yavorkovsky et al[38], periportal necrosis
of allyl alcohol toxicity resulted in a “null cell” proliferation
that was negative not only for hepatocyte markers, but also for
cholangiocyte markers. This phenomenon suggests that oval
cells are not the only source of hepatic stem cells. This
hypothesis might be correct as suggested by the research in
transdifferatiation of marrow stem cells[39]. The ability of
marrow stem cells to give rise to cells of different organs is
being increasingly identified, for example, bone marrow
turning into skeletal muscle[40,41], renal[42] ,or into brain[43].
Correlation between bone marrow and liver has been
discovered. (1) Hematopoiesis and hepatic development share
common stages[44]. During fetal development, hematopoietic
stem cells move out of the yolk sac and into the developing
liver. The liver remains hematopoietic during the entire fetal
period and for approximately the first week after birth in the
neonates. Sim ultaneously with the ap pearan ce of
hematopoiesis, hematopoietic stem cells (HSCs) can be
detected in the fetal liver. In the latter part of gestation and
after birth, the hematopoietic function of the liver is
considerably reduced, if not totally absent. Although the liver
loses its hematopoitic functions, hematopoiesis often returns
in adult life in disease states. (2) Some studies show that hepatic
oval cells and hematopoietic stem cells share CD34, Thy-1,
and c-kit mRNA and protein [45-49]. Oval cells also express
mRNA for the flt-3 receptor, previously reported to be
restricted to hematopoietic stem cells[50]. (3) In Theise ND et
al’s research work[51], a cohort of lethally irradiated female mice
received whole bone marrow transplants from age-matched
male donors. Fluorescence in situ hybridization (FISH) for the
Y-chromosome was performed on liver tissues. Y-chromosome
positive hepatocytes were identified in all animals sacrificed 2
months or longer post-transplantation. Simultaneous FISH for
the Y-chromosome and albumin messenger RNA confirmed
male-derived cells were mature hepatocytes. The experiments
show that bone marrow cells transplanted from male donors
to syngeneic recipients are able to localize in the two largest
lobes of the liver, differentiating into mature hepatocytes
carrying the Y-chromosome. In human experiment, biopsy and
autopsy liver specimens from recipients of therapeutic bone
marrow or liver transplants were analyzed for marrow-derived
hepatocytes and cholangiocytes[52,53]. In view of these bone
marrow-liver inter-relationships, it is expected that a closer
relationship might exist in the two lineages[54]. Hepatocytes
and cholangiocytes could derive from bone marrow stem cells.
In both of human subjects and in the experimental animals,
engraftment by bone marrow cells as hepatocytes could be seen
in the absence of severe injury, suggesting that such movement
might occur as a low level, baseline, physiologic phenomenon.
The mechanism of entry and differentiation of the
transplanted bone marrow cells within the liver cell plates might
also occur in different ways. First, circulating. Marrow-derived
cells might enter the liver plates directly from the sinusoidal
circulation. These cells are most often scattered throughout
the parenchyma and intercalate randomly into pre-existent liver
cords directly as hepatocytes. On the other hand, given previous
demonstrations that oval cells derive from CoH, and that not
only hepatocytes, but oval cells derive from marrow cells[55-57],
we can speculate that marrow cells might enter into liver
through the circulation, then translocate across basement
membranes into CoH and/or the terminal branches of the biliary
tree, and differentiate into cytokeratin 19-positive small
cholangiocyte-like cells. Proliferation and differentiation into

Zhang Y et al. Hepatic stem cells: existence and origin

hepatocytes would follow in proportion to the type and extent
of hepatocyte injury. Thus, hepatic regeneration through
marrow cells may have multiple and perhaps overlapping
pathways to accomplish cell replacement and organ repair.
MSCs are not only highly self-regenerative, but also can
transdifferentiate into liver endogenous stem cells and liver
parenchymal cells. So MSCs can repair damaged liver.
Compared with liver transplantation and hepatocyte
transplantation, there are much more marrow donors than liver
and liver cells donors. If we utilize a patient’s own MSCs as a
new therapeutic option to treat liver diseases, immunological
rejection will be avoided completely. Now MSCs has been used
in animal experiments and clinical trails[68,59]. Orlic et al[60,61]
sorted lineage-negative (Lin -) bone marrow cells from
transgenic mice expressing enhanced green fluorescent protein
by fluorescence-activated cell sorting on the basis of c-kit
expression. Then they injected these Lin- c-kitpos cells into the
contracting wall bordering the infarct shortly after coronary
ligation. The results show that newly formed myocardium
occupied 68 % of the infarcted portion of the ventricle 9 days
after transplanting the bone marrow cells. The developing
tissues comprised proliferating myocytes and vascular
structures. Their studies indicate that it is possible to rebuild
heart-attack-damaged hearts with adult stem cells from bone
marrow. Also, in order to determine whether bone marrow
contains cells that can correct liver diseases, Lagasse et al[62]
used bone marrow transplantation in the fumarylacetoacetate
hydrolase (FAH)-deficient mouse, an animal model of fatal
hereditary tyrosinemia type I. The results show that bone
marrow transplantation rescued the mouse and restored the
biochemical functions of its liver.

PROSPECT
The liver is an organ known to have tremendous regenerative
capacity. It is confirmed that liver stem cells exist in humans
and that they can be of endogenous (hepatocytes or oval cells)
or exogenous (most likely bone marrow) origin. The marked
degree of hepatic engraftment from extrahepatic cells in cases
of severe liver injury indicates that there may be therapeutic
utility for bone marrow transplantation to correct defects in
hepatocyte metabolic or synthetic function. The researches
mentioned above represent significant advances in liver stem
cell biology. However, questions regarding some respects of
liver stem cells remain open and need to be resolved: how to
activate liver stem cells[63,64]? How to isolate and characterize
a plenty of liver stem cells with high purification[65,66]? How to
set up a tracking system to make clear the ultimate fate of liver
stem cells in vivo[67,68]? How to develop a stable ex vivo culture
system of liver stem cells and adjust their differentiation[69,70]?
Excellent in vitro and in vivo researches will pave the way for
a much broader understanding of the biological properties and
clinical use of liver stem cells.
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Abstract
AIM: To study the expression pattern of ETS2 (erythroblastosis
virus oncogene homolog 2) in human esophageal squamous
cell carcinoma (ESCC).
METHODS: Reverse transcription polymerase chain reaction
(RT-PCR) and Northern blot were performed to examine
the expression level of ETS2 mRNA in 37 pairs of ESCC
tissue samples. Western blot and immunohistochemistry
were carried out to check the expression level of ETS2 protein
in 30 pairs of ESCC tissue specimens.
RESULTS: RT-PCR and Northern blot analysis showed that
ETS2 mRNA upregulated in 75.7 % (28/37) examined ESCC
tissues relative to matched normal tissues. From those 37
cases, 14 cases were randomly selected to perform Western
blot and the results revealed that ETS2 protein overexpressed
in 71.4 % (10/14) checked ESCC tissues compared with the
corresponding normal tissues. Moreover, the expression
patterns of ETS2 protein in those 14 cases were identical to
those of ETS2 mRNA displayed by RT-PCR or Northern Blot.
Immunohistochemistry analysis showed that the expression
level of ETS2 protein rose in 75 % (12/16) tumor epithelial
cells contrasted to the normal cells. Altogether the expression
level of ETS2 protein increased in 73.3 % (22/30) checked
ESCC tissue samples contrary to their normal counterparts.
CONCLUSION: The results suggested that ETS2
overexpressed in paired human ESCC tissue samples at both
mRNA and protein levels and may be associated with the
tumorigenesis of esophagus.
Li X, Lu JY, Zhao LQ, Wang XQ, Liu GL, Liu Z, Zhou CN, Wu M,
Liu ZH. Overexpression of ETS2 in human esophageal squamous
cell carcinoma. World J Gastroenterol 2003; 9(2): 205-208
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INTRODUCTION
Erythroblastosis virus oncogene homolog 2 (ETS2) is a pro-

oncogene, which is located in human chromosomal region
21q22.3 and encodes a 56 kD protein that is phosphorylated
by a Ca2+-dependent mitogenic signal process[1,2]. ETS2 gene
expresses in various tissues, including blood, breast and
prostate. ETS2 may be involved in the regulation of cellular
proliferation and differentiation and may play a critical role in
T-cell activation and cytokines production[3-6].
As a member of ETS oncogene family, ETS2 gene has the
oncogenic potential. It is similarly transposed as a consequence
of nonrandom chromosomal translocations; especially, the t
(8;21)(q22;q22) translocation is the most frequently noted
breakpoint involving chromosome 21 for acute myelogenous
leukemia[7]. An acute non-lymphoblastic leukemia with a
complex t (6;18;21) chromosomal translocation, has so far
been associated with higher expression level of ETS2 [8]. It
had been reported that ETS2 gene was associated with the
growth and invasion of breast carcinoma cells and was
required to maintain the transformed state for human prostate
cancer cells[9,10].
Esophageal cancer ranks among the 10 most frequent
cancers in the world, with a predominant distribution in
developing countries. Our previous study showed that genetic
susceptibility to esophageal cancer was one of the important
causes for the high prevalence and familial aggregation of this
disease in some areas of northern China[11]. We observed the
upregulation of ETS2 gene in human esophageal squamous
cell carcinoma (ESCC) using cDNA microarray technique[12].
To our best knowledge, this study first investigated the
expression patterns of ETS2 gene and ETS2 protein in ESCC
by reverse transcription polymerase chain reaction (RT-PCR),
Northern blot, Western blot and immunohistochemistry. Both
the expression levels of ETS2 gene and ETS2 protein increased
in ESCC tissues contrary to their normal counterparts. The
results were consistent with the microarray results. Therefore,
it indicated that ETS2 gene might be related to the formation
of human ESCC and its further study may provide the insight
into the mechanisms of carcinogenesis of esophagus.

MATERIALS AND METHODS
Human tissues
Samples of ESCC and matched normal esophagus tissues were
collected from 37 patients who had not receive chemotherapy
or radiotherapy before surgery. The tissues were immediately
stored in liquid nitrogen until analysis and each sample was
confirmed by histological examination. Total RNA and total
protein of the samples were extracted using Trizol solution
(Life Technologies, Rochville, ML) per manufacturer’s
protocol. Total RNA was quantitated and assessed for purity
by means of UV spectrophotometry and electrophoresis in
denaturing formaldehyde gel. The standard curve of protein
was prepared to determine the protein concentration of tissue
samples with Bicinchoninic Acid Protein Assay Kit (SIGMA,
St. Louis, MO). Sixteen pairs of ESCC paraffin slides were
obtained from Department of Pathology, Cancer Hospital,
Chinese Academy of Medical Sciences & Peking Union
Medical College.
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RT-PCR
Before reverse-transcription, 5 µg total RNA of each sample
was treated with 20 units DNase I (Promega, Madison, WI),
40 units RNasin (Promega, Madison, WI) at 37 for 15 min to
remove contaminated genomic DNA. Then first strand cDNA
was synthesized with SuperScript Preamplification System For
First Strand cDNA Synthesis kit (Life Technologies, Rochville,
ML). Two microliters of reverse-transcription product were
used as the template to amplify specific fragment of ETS2
gene. PCR conditions were as follows: initial denaturation at
94 for 3 min, followed by 28 cycles of 94 for 30 s, 58
for 30 s and 72 for 1 min. The expression of housekeeping
gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
was used to normalize the template input. The sequences of
the PCR primer pairs of ETS2 and GAPDH were as follows:
ETS2, 5 ’ -GTGGACCTATTCAGCTGTGG-3 ’ , 5’ T T C C CC G A C G T C TT G T G G A T - 3 ’ ; G A P D H, 5 ’ ACCACAGTCCATGCCATCAC-3’, 5’TCCACCACCCTGTTGCTGTA-3’.
Northern blot
Briefly, 30 µg total RNA of each sample was dissolved in
loading buffer containing formamide and formaldehyde, heated
at 70 for 10 min, electrophoresed on the 2 % formaldehyde
agarose gel and transferred to a positively charged nylon
membrane. The membrane was prehybridized in 5 ml
hybridization solution (6×SSC, 2×Denhart’s solution, 0.1 %
SDS, 100 µg/ml denatured salmon sperm DNA) at 68 for 2
h. Then 32P-labelled probe (bases 1202-1952) was added and
hybridization was performed at 68 for 18 h. The membrane
was washed twice at room temperature in 2×SSC, 0.1% SDS
for 20 min, once at 65
in 0.5×SSC, 0.1 % SDS for 20 min
for 72 h.
and exposed to X-ray films at -70
Western blot
Anti-ETS2 antibody was purchased from Santa Cruz
biotechnology, Inc (Santa Cruz, CA). Thirty-microgram total
protein of each sample was mixed with 20 µl sample buffer
(100 mM Tris·Cl, 200 mM DTT, 4 % SDS, 20 % glycerol and
0.2 % bromphenol blue) before separation by SDS-PAGE
(10 %) electrophoresis system. Samples were then transferred
to PVDF membrane and nonspecific binding was blocked with
5 % nonfat dry milk for 1 h at room temperature. Then the
filter was incubated with anti-ETS2 antibody (1:500) for 2 h
at room temperature. An enhanced chemiluminescence system
(Santa Cruz, Santa Cruz, CA) was used for signal detection.
Immunohistochemistry
Four-micron paraffin-embedded slides were dewaxed in
xylene, rehydrated in ethanol and treated with H2O2 to block
the endogenous peroxidase activity. Antigen retrieval was
achieved by microwaving in a citrate buffer (pH 6.0) for 15
min. The slides were incubated with anti-ETS2 antibody at a
1:50 dilution for 2 h at 37 . Biotinylated secondary antibody
and peroxidase-conjugated streptavidin steps were performed
using UltraSensitive TM S-P kit (Maxim Biotech, Fujian,
China) according to the manufacturer’s protocol. DAB was
used as the chromogen and hematoxylin as the counterstain.
Negative control was performed by substituting PBS for the
primary antibody.
RESULTS
Overexpression of ETS2 in paired ESCC tissue samples at
mRNA level
RT-PCR and Northern blot were performed to confirm the
differential expression of ETS2 in ESCC at transcriptional level.
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RT-PCR analysis showed that ETS2 gene overexpressed in 24
pairs of tumor versus normal tissues among a total of 31 tested
cases (Figure 1). Northern blot analysis showed that the
expression level of ETS2 gene increased in 4 of 6 cases of tumor
tissues relative to the matched normal tissues (Figure 2).
M
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Figure 1 RT-PCR analysis of ETS2 expression in ESCC tissues
(Lanes C) and matched normal esophagus tissues (Lanes N).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control. PCR product sizes were 229bp for
ETS2 and 452bp for GAPDH.
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Figure 2 Northern blot results of ETS2 gene in ESCC tissues
(designated as C) and matched normal esophagus tissues
(designated as N). Thirty-microgram total RNA of each
sample was resolved by formaldehyde gel electrophoresis,
transferred to a nylon membrane, and hybridized with 32Plabelled ETS2 probe.

Upregulation of ETS2 in paired ESCC tissue samples at
protein level
Western blot and immunohistochemistry were conducted to
verify the differential expression of ETS2 in ESCC at
translational level. From the above mentioned 37 cases, 14
pairs of ESCC tissue samples were randomly selected to carry
out Western blot and the results showed that ETS2 protein
was upregulated in 71.4 % (10/14) examined ESCC tissues
relative to the corresponding normal tissues (Figure 3). The
expression patterns of ETS2 protein in those 14 cases were
identical to those of ETS2 mRNA revealed by RT-PCR or
Northern Blot.
C1 N1

C3

N3 C4

N4

C9

N9

C10 N10
ETS2
(56KD)

Figure 3 Elevation of ETS2 protein expression in paired ESCC
tissue samples detected by Western blot. Total protein was
extracted from the tissues and equal amounts of total protein
of each sample (30 µg) were loaded. Blots were hybridized with
anti-ETS2 antibody (1:500). An enhanced chemiluminescence
system (ECL) was used for signal detection. The molecular
weight of ETS2 protein is 56 kD.

Immunohistochemistry results displayed that 75 % (12/16)
checked ESCC cases existed diffuse and strong staining in the
nucleus of tumor cells, while sporadic and weak staining was
observed in the nucleus of the matched normal esophageal
epithelial cells (Figure 4).
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Figure 4 Immunohistochemistry analysis for ETS2 protein in
paired ESCC tissue samples using anti-ETS2 antibody (1:50).
Diffuse and strong staining was detected in the nucleus of the
ESCC epithelial cells (A), while sporadic and weak staining
was observed in the nucleus of matched normal esophageal
epithelial cells (B). No positive staining was observed in negative controls (C, D). (original magnification ×400).

DISCUSSION
The understanding of the molecular basis of tumor
development has progressed dramatically in the last two
decades. It is well known that tumor is essentially a genetic
disease. So it is important to demonstrate what genes are and
how they work in carcinogenesis. Identifying the genetic
differences between normal and tumor cells or tissues will
discover the genes that directly cause tumor or be associated
with tumorigenesis and provide novel markers for early
detection and appropriate therapy.
In our previous study, ETS2 gene showed upregulation in
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human ESCC tissue[12]. To verify this differential expression,
we explored the expression pattern of ETS2 in paired ESCC
tissue samples at both mRNA and protein levels. The results
of RT-PCR and Northern blot revealed that ETS2
overexpressed in 75.7 % (28/37) examined tumor tissues
relative to the corresponding normal tissues. From those 37
cases, 14 cases were randomly selected to perform Western
blot and the results showed that the expression level of ETS2
protein elevated in 71.4 % (10/14) checked ESCC tissues
compared with the corresponding normal tissues. Moreover,
the expression patterns of ETS2 protein in those 14 cases were
identical to those of ETS2 mRNA displayed by RT-PCR or
Northern Blot. Immunohistochemistry analysis showed that
the expression level of ETS2 protein raised in 75 % (12/16)
examined tumor epithelial cells contrasted to the normal
counterparts. Altogether ETS2 protein overexpressed in
73.3 % (22/30) tested ESCC tissues relative to the matched
normal tissues. Therefore, the data suggested that ETS2
abnormally expressed not only in the transcriptional level but
also in the translational level for human ESCC and the
increasing transcription of ETS2 mRNA in ESCC may result
in increasing translation of ETS2 protein.
As a transcription factor, ETS2 protein controls the
transcription of some important genes participating in a number
of biological processes including cell growth and apoptosis.
Although many studies have been done, the accurate function
of ETS2 in biological and pathophysiologic state is still unclear.
Previous studies showed that the overexpression of ETS2 led
to different results in different cells. Some promoted
tumorigenesis [13,14], while others were arresting [15]. So it
indicated that ETS2 could mediate multiple different signal
pathways and might be involved in carcinogenesis with some
unlike ways. In the present study, we found the overexpression
of ETS2 in ESCC at both mRNA and protein levels. It
suggested that ETS2 might be associated with the formation
of ESCC. But how ETS2 acts during the neoplasia of esophagus
and whether its function is tissue-specific or organ-specific
are still unknown. Although a lot of work was focused on the
chromosomal aberrations of human ESCC[16-18] and even in
several studies frequent loss of 21q was observed[19,20], 21q
had not yet been investigated in detail. Hence the variation of
21q22.3 in human ESCC, and which ETS2 gene is located in
remain unclear. Further investigations will help us to make
clear whether the overexpression of ETS2 is caused by the
gain of 21q22.3 in human ESCC. As mentioned above, the
higher expression level of ETS2 was found in an acute nonlymphoblastic leukemia with a complex t (6;18;21)
chromosomal translocation[8]. Another speculation is that the
upregulation of ETS2 in human ESCC may be associated with
the chromosomal translocation of 21q22.3. More studies about
chromosomal aberrations will be helpful to demonstrate the
precise function of ETS2 and its molecular mechanisms in
tumorigenesis of esophagus.
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Abstract
AIM: To describe the incidence of esophageal cancer (EC)
in Cixian, a county of Hebei province during 1974-1996. We
analyzed the sex and age characteristics as well as the
geographic distribution of EC, in order to determine the
impact so that methods of preventing and controlling EC in
Cixian can be put in place.
METHODS: Since the early 1970s, the cancer registry
system has been established, which collects the cancer
incidence in Cixian county. The malignant tumors were coded
according to International Classification of Disease IX (ICD9). All the data were checked and analyzed using EPIINFO.
RESULTS: The trend of the incidence rate of EC from 1974
to 1996 had declined, (229.9/100 000 vs 178.5/100 000, Odds
ratio=1.47, 95 % CI:1.32~1.63, χ2=52.89. trend χ2=26.54,
P<0.001). The incidence rate of males declined significantly
(281.81/100 000 vs 157.96/100 000, Odds ratio=1.61, 95 %
CI: 1.41~1.84, χ2=47.85. Trend χ2=44.86, P<0.001),
whereas, the females remained steady (157.96/100 000 vs
133.41/100 000, odds ratio=1.28, 95 % CI:1.17~1.49,
χ2=9.26. trend χ2=2.69, P>0.05). Male average annual
incidence rate was 142.80/100 000 and the female's was
95.18/100 000. The sex ratio (males to females) was 1.50:1.
The incidence rate was increasing along with the age. As to
the geographic distribution, the incidence rate in mountainous
areas and hilly areas showed a significantly declining trend
(mountainous areas, trend χ2=149.93, P<0.001; hilly areas,
trend χ2=42.70, P<0.001). The incidence rate of EC in plain
areas had increased (trend χ2=22.39, P<0.001).
CONCLUSION: The incidence rate of EC in Cixian county
shows a trend and has declined after two decades, especially
in mountainous area. But compared to other regions in the
world, Cixian county still had a high incidence rate of EC.
He YT, Hou J, Qiao CY, Chen ZF, Song GH, Li SS, Meng FS, Jin HX,
Chen C. An analysis of esophageal cancer incidence in Cixian county
from 1974 to 1996. World J Gastroenterol 2003; 9(2): 209-213
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INTRODUCTION
Cixian county is one of the highest incidence rates of

esophageal cancer (EC) in China, as well as in the world[1-7].
At the start of the 1970s, a field study of EC prevention and
treatment was set up[8]. At the same time the population-based
cancer registry system, so called the three-level prevention web,
was established. Each clinic doctor in every township was
required to report each new case of cancer occurring in the
township using a standard card, then the cards were sent to the
clinic of the rural administration unit. The unit sorted the cards
and sent them to the Cixian Cancer Registry. To this day the
Cixian Cancer Registry continues to collect incidence data.
This present report came from “A study of incidence, mortality
and surveillant method of risk factors of common carcinoma”
carried out in the Cixian county of Hebei province, which is
adjacent to the Linxian county of Henan province. This study
was one of The National Ninth-Five-Year Scientific
Championship Project.

MATERIALS AND METHODS
Materials
Cixian is located at latitude 36° 30’ North and longitude
114° 40’ East. It is situated on the east side of the Taihang
Mountain, along the Zhanghe River and it lies in the south of
the Handan City. Across the Zhanghe River to the south is the
Anyang City of Henan Province. Cixian county occupies an
area about 951 square kilometers, composed of 35 districts,
and its population is 574 828, consisting of 289 391 males and
285 437 females. There is a remarkable variation in the earth
stratum of the county, with mountainous, hilly, and level land
each constituting about one-third of its total area. The climate
is influenced mainly by the warm mainland seasonal winds.
and the rainfall
The temperature range is bewteen 18-25
range is bewteen 600-700 millimeters. The major soil there is
brown and light colored weed earth. Farm products include
wheat, corn, millet, rice, red potato and beans. Iron and coal are
the main minerals, and coal is the main local fuel of the county.
Cixian Cancer Registry is a population-based registry that
was established in 1974. Its aim is to collect and analyze data
on every new case of cancer occurring in Cixian county.
Initially, it was mainly concerned with collecting data on the
incidence and mortality rates of EC in Cixian. However, from
1988, it began to also collect information on the histopathology
of the cancers reported.
Methods
The register was conducted by the three-level prevention web.
Each clinic doctor in every township (prevention web I) was
required to report each new case of cancer occurring in the
township by a standard card, then the cards were send to the
clinic of the rural administration unit (prevention web II). They
were sorted and sent to the Cixian Cancer Registry (prevention
web III) once a month, these cards were checked, analyzed,
coded and stored there. At the end of each year, a sample survey
was conducted, to check the quality of the registration.
The carcinoma were coded according to International
Classification of Disease IX (ICD-9) [9]. All the data was
checked and analyzed by EPIINFO software. Age-standardized
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rates (ASR) were standardized to the world population using
the direct method and the statistical analysis was carried out
by using χ2 and U-test, a probability value of less than 0.05
was considered statistically significant.

RESULTS
Incidence of esophageal cancer
Bewteen the years 1974 and 1996 there were 14 207 cases
of EC in the county. The annual average incidence rate was
119.43/100 000, the ASR was 167.22/100 000. In 1974, the
incidence rate of EC was 165.81/100 000. It declined to
113.49/100 000 in 1996, representing a decline of 31.5 percent.
From Table 1 and Figure 1, we can see that the incidence rate
of EC in Cixian had a trend of gradual decline. The trend test
revealed that χ2=26.54, P<0.001. The incidence rate among
males declined significantly (χ2=44.86, P<0.001), whereas, the
females remained steady (χ2=2.69, P>0.05). In total, the
incidence rate between 1970s and 1990s showed significant
differences (U test: P<0.01). While the difference between
1980s and 1990s was not significant.
The sex and age distribution
During the period there were 8 559 males and 5 648 females
with EC. The incidence rate among males was 142.80/100 000,
while females was 95.18/100 000. The sex ratio was 1.50:1.
The sex ratios (males to females) in 1970s, 1980s and 1990s
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respectively was 1.57:1, 1.56:1 and 1.35:1.
The minimum age group of incidence was 1-year group
over 23 years. The incidence rate of EC increased with age
after 30 years old. It reached the highest at 80 years old group.
In 1970s, the minimum age group was 25 years old group.
The incidence rate had significantly increased after 35 years
of age, and reached the highest level at 70 years old, then
declined in 75-year old group. In 1980s, the minimum
incidence group was one-year group. The incidence rate
increased with age after that 25-year old group. The male
incidence rate reached the highest at 80-year-old group. In
females at the 60-year-old group it declined a little and reached
the highest at 80-year-old group. In 1990s the minimum
incidence group was 10-year-old group. The incidence rate
increased with age after 25-year-old group and reached the
highest at 80-year-old group. The male incidence rate reached
the highest at 80 years old group, while the female declined
little at 60-year-old group and reached the highest at 80-yearold group.

Geographic Distribution
In the mountainous area there were 2 106 EC cases from 1974
to 1996. The annual average incidence rate was 112.14/100 000.
The incidence rate of EC in 1974 was 213.60/100 000, which
declined to 82.55/100 000 in 1996. Decreased by 131.05/100 000,
and the decline rate was 61.35 percent. From Table 2 and Figure
3 we could find that the incidence rate of EC in mountainous

Table 1 Cixian EC incidence rate state from 1974 to 1996
Year

Male
Population

Case

Female

Incidence rate

ASR

Population

Case

Incidence rate

ASR

74

221842

450

202.85

281.81

217799

279

128.10

157.96

75

224063

392

174.95

244.74

220937

279

126.28

162.8

76

226098

407

180.01

247.68

222526

236

106.06

131.44

77

227998

335

146.93

195.17

224094

193

86.12

103.31

78

227677

320

140.55

186.94

228524

191

83.58

104.51

79

231485

302

130.46

197.31

229242

190

82.88

108.11

80

235881

323

136.93

199.38

232902

221

94.89

124.86

81

242181

301

124.29

193.06

239136

191

79.87

101.76

82

242211

334

137.90

210.05

244007

194

79.51

106.98

83

251237

348

138.51

220.67

249751

229

91.69

122.07

84

253097

367

145.00

240.89

251332

192

76.39

103.22

85

256616

324

126.26

217.06

254526

214

84.08

113.06

86

260149

374

143.76

250.52

257671

205

79.56

100.92

87

265498

331

124.67

202.98

261498

231

88.34

114.62

88

262726

404

153.80

250.76

264539

287

108.49

153.86

89

272643

401

147.10

237.16

285840

258

90.26

131.13

90

289391

443

153.10

248.1

285437

322

112.81

151.55

91

294993

446

151.20

260.53

287546

305

106.07

139.36

92

299306

430

143.70

240.72

291905

302

103.46

139.6

93

299498

408

136.20

216.73

296060

283

95.59

126.12

94

303761

379

124.80

197.96

295104

260

88.10

114.01

95

302782

359

118.60

192.95

294867

289

98.01

125.92

96

302538

381

125.90

203.65

133.41

2529

158.55

Total of 70’s 1595044

—

298596

297

99.47

1576024

1589

100.82

—

Total of 80’s 2595749

3627

139.73

—

2593737

2323

89.56

—

Total of 90’s 1802878

2403

133.29

—

1764078

1736

98.41

—

Total

8559

142.80

—

5933839

5648

95.18

—

5993671
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Table 2 The geographic distribution of esophageal cancer in Cixian from 1974 to 1996 (1/100 000)
Year

Mountainous area
Population

Cases

Hilly area

Incidence rate

Population

Cases

Level land area
Incidence rate

Population

Cases

Incidence rate

74
75

77240
77581

165
151

213.60
194.63

145428
147830

241
232

165.71
156.93

216973
219589

323
288

148.81
131.15

76
77

77981
78231

132
116

169.27
148.27

148692
149995

221
192

148.62
128.00

221951
223866

290
220

130.65
98.27

78
79

78257
78112

85
80

108.60
102.41

151456
152682

220
173

145.25
113.11

226488
229933

226
239

99.78
103.94

80
81

78331
78555

92
79

117.45
100.56

155341
160010

210
157

135.18
98.12

235111
242752

242
256

102.93
105.45

82
83

79271
80023

92
100

116.05
124.96

162756
166662

161
186

98.92
111.60

244191
254303

275
290

112.62
114.04

84
85

80294
80877

95
80

118.32
98.92

168296
170916

144
173

85.56
101.22

259276
262624

320
285

123.42
108.52

86
87

82214
82291

101
78

122.85
94.79

172888
175132

179
173

103.54
98.78

266119
269573

296
310

111.23
115.00

88
89

81953
82289

114
91

139.10
110.58

177724
179502

215
206

120.97
114.76

263222
275391

340
355

129.17
128.91

90
91

84228
85459

62
48

73.61
56.17

190411
192370

239
262

125.52
136.20

298185
302601

449
425

150.58
140.45

92
93

85498
86484

59
68

69.01
78.63

194281
195963

250
225

126.68
114.88

307073
308956

405
386

131.90
124.94

94
95

87881
87661

68
78

77.38
88.98

198956
198715

188
195

94.49
98.13

312984
311510

374
413

119.50
132.58

96

87221

72

82.55

198276

191

96.33

311009

409

131.51

Total of 70’s 545733
Total of 80’s 811995

821
892

150.44
109.85

1051424
1724297

1489
1833

141.62
106.30

1573911
2635636

1828
3176

116.14
120.50

Total of 90’s 520204
Total
1877932

393
2106

75.55
112.14

1178561
3954282

1311
4633

111.24
117.16

1854133
6063680

2412
7416

130.09
122.30

area had significantly decreased. The result of trend test was
χ2=149.93, P<0.001. The incidence rates of EC in 1970s,
1980s, and 1990s were 150.44/100 000, 109.85/100 000 and
75.55/100 000, respectively. The U test result between 1970s
and 1990s, between 1980s and 1990s was P<0.01. Both of
them had significant difference.
In the hilly area there were 4 633 EC cases. The annual
average rate was 117.16/100 000. From 1974 to 1996, the
incidence rate changed from 165.71/100 000 to 96.33/100 000.
Decreasing in number was 69.38/100 000. And declining
rate was 41.86 percent. The result of trend test was χ2=42.70,
P<0.001. From Table 2 and Figure 3, we could see that from
1970s to 1980s the incidence rate of EC declined significantly,
from 141.62/100 000 to 106.30/100 000 (U test: P<0.01). While
comparing the incidence rate of EC of 1980s with that of the
1990s’, it increased from 106.30/100 000 to 111.24/100 000 (U
test: P<0.01).
On level land there were 7 416 EC cases over 23 years. The
annual average incidence rate was 122.30/100 000. According
to Table 2 and Figure 3 we can see that during the past 23
years incidence rate of EC increased steadily. The result of
trend test was χ2=22.39, P<0.001. Comparing 1970s’ incidence
rate with 1990s’, it increased from 116.14/100 000 to 130.09/
100 000. The increasing in number was 13.95/100 000 and
the increasing rate was 12.01 percent (U test: P<0.01).
Comparing the incidence rate of 1980s with the 1990s’, which
increased from 120.50/100 000 to 130.09/100 000. The
increasing in number was 9.59/100 000 and the increasing rate

was 7.95 percent (U test: P<0.01). We could see that the
incidence rate of EC in level land was increasing steatidly.
There are 35 townships in Cixian County. In the 1970s,
Linfeng township had the highest incidence rate of EC, which
was 211.90/100 000. While Dudang township had the lowest,
which was 66.57/100 000. The highest male incidence rate
existed in Linfeng and the mumber was 298.02/100 000. While
the highest female incidence rate existed in Guanglu township
and the number was 164.49/100 000. The lowest incidence
rate of EC of both male and female existed in Dudang, which
was 79.71/100 000 and 51.51/100 000, respectively. The
highest rate was 3.18 times as much as the lowest. Cixian
County had two high risk areas, one was the mountainous area
which was centered around Baitu district (132.23/100 000),
the other was hilly area which was centered around Lintan
district (128.64/100 000). Level land had the lowest incidence
rate (116.01/100 000). After 1980s, the highest incidence rate
existed in Guanglu township (232.04/100 000) and the lowest
existed in Dudang (55.08/100 000). Linfeng had the highest
male incidence rate of EC (285.37/100 000). While Cizhou
town had the lowest (64.77/100 000). Guanglu had the highest
female incidence rate of EC (214.28/100 000), while Dudang
had the lowest (38.65/100 000). The highest EC incidence rate
was 4.21 times as much as the lowest. There were 20 towmships
whose incidence rate were higher than the average of county
wide, forming a high-risk hilly area, which was centered around
Lintan district. After 1990s, Ducun township had the highest
EC incidence rate of 275.80/100 000. While Dudang township
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had the lowest whose number was 45.92/100 000. The highest
male incidence rate existed in Ducun township which was
341.08/100 000. The highest female incidence rate existed in
Guanglu which was 213.26/100 000. While the lowest male
incidence rate lay in Wuhe township which number was 36.20/
100 000. The lowest female incidence rate lay in Huangsha
township which was 26.98/100 000. The highest EC incidence
rate was 6.01 times as much as the lowest. There were 19
townships whose incidence rate were higher than the average
of county wide, forming a high-risk level land area which was
centered around Ducun township.
In the 1970s, the high incidence area existed in mountainious
areas which are centered around Baitu district and in hilly area
which was centered around Lintan district. After 1990s, the
incidence rate of EC in Cixian declined significantly. But the
hilly area still had high incidence rate, decilining slowly. While
the level land area had increasing trend, forming a high risk
area which was centered around Ducun township.

Incidence rate (1/100 000)

250.00

Male
Female
Total

200.00
150.00
100.00
50.00
0.00

74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

Year

Incidence rate (1/100 000)

Figure 1 Cixian EC Incidence Rate State from 1974 to 1996.
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DISCUSSION
Cixian county is one of the highest EC incidence rate areas in
China, as well as in the world. Since the early 1970s, cancer
registry system has been established where began to collected
the cancer incidence in Cixian county[10-21]. Until now Cixian
Cancer Registry have piled up the incidence data of more than
twenty years. In this study we found the trend of the incidence
rate of EC from 1974 to 1996 had declined after two decades.
As for the possible causes of EC [22-27], we advocate the
inhabitant to take follow prevention: (1) To improve the quality
of the drinking water condition; (2) To administer the farm
products storage, not to eat the food with mold; (3) Eating
more vegetables and fruits, changing the bad life style; (4)
Conducting screening survey to find the carcinoma in situ or
intramucosal carcinoma especially esophageal epithelium
dysplasia (EED). EED is a precancerous lesion which can either
develop further into a more severe stage or cancer, stay
unchanged, or reverse back to normal again for a period of
several years or even a decade [28-34]. It is therefore very
promising to detect patients with EED and treat the
precancerous lesions before they transform into the irreversible
malignant stage. There are several techniques and chemicals
or nutrients that have been reported to be effective in blocking
precancerous lesions from transforming into cancer[35-38].
The incidence rate among males declined significantly
however, females remained steady. As to the geographic
distribution, the incidence rate in mountainous area and hilly
area showed a declining trend. The incidence rate of EC in
level land area had increased. The reasons why these happened
needs to be further studied and analysed.
In conclusion, the trend of the EC incidence rate in Cixian
county had declined after two decades, especially in
mountainous areas. But compared to the other regions in the
world Cixian county still had a high incidence rate of EC. By
using a register the information can provide the scientific data
for cancer prevention and control.
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Abstract
AIM: The incidence of gastric cardia cancer has greatly
increased in the past 2-3 decades, however, the risk factors
for the disease are still not clearly understood. The
investigations among Chinese population on the risk factors
of gastric cardia cancer were also scarcely reported. We
therefore conducted a case-control study in Fujian province,
China, to investigate the potential risk and protective factors
of this disease.
METHODS: 191 cardia and 190 non-cardia gastric cancer
cases, and a total of 222 control cases were included in this
study. Standard questionnaires were used in collecting
epidemiological factors and the data were then analyzed by
the unconditional logistic regression model.
RESULTS: As the factors such as age, gender, smoking,
alcohol consumption, and family history of gastric cancer
were controlled, a multivariable analysis was conducted,
which revealed that there was a significant correlation
between the dietary habits such as irregular meal, over and
fast eating, and the gastric cardia cancer with the odds ratios
(ORs) of 4.2 (95 % confidence interval: 2.3-7.7), 4.7 (2.110.8), and 2.7 (1.3-5.3) respectively. Other correlations were
also observed between the gastric cardia cancer and the
consumption of salty fish or pickled vegetable, smoking,
and the family cancer history with the ORs of 5.5 (1.4-19.5),
1.8 (1.0-3.0), 2.1 (1.3-3.5), and 3.8 (2.3-6.2) respectively.
In contrast, the negative correlations were found existing
between the intake of fresh vegetables and fruits, the use
of refrigerator, and the gastric cardia cancer, with the ORs
of 0.4 (0.2-0.9), 0.2 (0.1-0.5), and 0.2 (0.1-0.4),
respectively. However, dietary habits were associated less
with non-cardia gastric cancer compared with its cardia
counterpart.
CONCLUSION: Dietary habits might be one of the risk
factors for the cardia carcinogenesis among Chinese
population.
Cai L, Zheng ZL, Zhang ZF. Risk factors for the gastric cardia
cancer: a case-control study in Fujian Province.World J
Gastroenterol 2003; 9(2): 214-218
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INTRODUCTION
While the total incidence and mortality of gastric cancer
manifested a declining trend world wide, the incidence of
gastric cardia cancer has increased considerably in the past
few decades [1-4]. The explanations for this phenomenon,
however, have not been fully elucidated yet[5-6]. Although
certain dietary factors have been suggested to be associated
with the gastric carcinogenesis, there are few investigations
performing the etiological analysis further on the anatomical
sub-site of the cancer[7-11], whose divergent carcinogenesis
patterns suggested that there might exist differences in
etiological factors between the cardia and non-cardia gastric
cancers. To verify this hypothesis, we have conducted a casecontrol study in Fujian Province, China.
MATERIALS AND METHODS
Subjects
191 cardia and 190 non-cardia primary gastric cancer cases,
which were pathologically confirmed or diagnosed through
surgical operation between April 2000 and June 2001 in six
hospitals in Fuzhou, were employed as the observation group
and the cancer controls respectively. The 222 cases of normal
control, which came from the department of orthopedics in
the same hospitals, were selected without cancers or gastric
diseases and frequency-matched to the observation cases by
age (± 3 year) and gender. All subjects in our study must have
resided in Fujian Province for more than 20 years and can
answer questions clearly.
Investigation
Face-to-face interviews were conducted in the hospitals by
trained interviewers, in which a structured questionnaire
containing socio-demographic characteristics, personal medical
history, tobacco and alcohol consumption habits, family cancer
history, dietary history and dietary habits was used. As for the
dietary habits, the exposure time of 10 years before the
interview was emphasized to ensure the assessment of
potential risk factors with a reasonable latent period before
the onset of cancer. Although the dietary habits could be
changed presently by the course of the disease, they would
never be influenced 10 years earlier. With the agreement to be
interviewed, the observed case and his or her control
counterparts were investigated by the same interviewer.
Statistical analysis
The data were statistically evaluated with Epi-info by the
univariate and multivariate analysis. The relationship between
the putative risk factors and the sub-sites of gastric cancer was
assessed by odds ratios (ORs) and their 95 % confidence
intervals (CIs) derived from unconditional logistic regression
model. Multivariate logistic regression analysis was used to
evaluate simultaneously the effects of multiple factors and other
potential confounding factors.
RESULTS
A total of 603 subjects from 30 to 79 years old were included
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in this study. In the observation group, there were 156 male
and 35 female with the average age of 61.2 (±9.7) and 57.3
(±10.9) years old respectively. Table 1 shows the demographic
characteristics of age and gender for the observed cases and
controls. To minimize the possible confounding effects on the
investigation results, the age and the gender were taken as the
confounding factors to be controlled in all of our analyses.
The relationship between the dietary habits and gastric
cancers are shown in Table 2 with the factors such as age,
gender, smoking, alcohol consumption and family cancer
history being controlled. Irregular meal, over and fast eating
could increase the risk of cardia carcinogenesis. Intake of salty
fish, pickled vegetables, lard oil and drinking of the well water
were also the risk factors for the cardia cancer. In contrast, the
intake of fresh vegetables and fruits and the use of refrigerator
were belong to the protective factors against the cancer.
Besides, it was found that low income, poor education and
bearing a family cancer history in the first-degree relatives were
associated with the cardia cancer risk. However, the dietary habits

were associated less with non-cardia cancer compared with its
cardia counterpart. Alcohol consumption was not observed
relating to the cardia cancer risk in the present study.
Table 3 shows the interrelation between cardia cancer and
smoking. In smokers, the odds ratio for cardia cancer is 2.09
after adjusted by age, gender, alcohol drinking and family
cancer history. For those who smoke more than 20 cigarettes
a day, the risk for cardia cancer was 2-fold or more compared
with non-smokers. We also noted a significant dose-risk
relationship existed between the daily consumed cigarettes,
smoking duration and the cardia cancer. However, it was not
existed between smoking and the non-cardia gastric cancer.
Unconditional logistic analyses were made by a backward
elimination approach to select a possible best subset of risk
factors for cardia cancer. The results showed that the best
subset of risk factors included family cancer history, irregular
meal, fast eating, well-water drinking, smoking, and pooreducated. Fresh fruit intake and the use of refrigerator have
protective effect against cardia cancer.

Table 1 Age and sex distribution of the observed cases and the controls
Age (yrs)
Female

Male

30 45 –
5565 30 45 –
55 65 -

Controls

Cardia cancer

Gastric cancer

n

(%)

n

(%)

n

(%)

13
15
13
16
29
37
44
55

(22.8)
(26.3)
(22.8)
(28.1)
(17.6)
(22.4)
(26.7)
(33.3)

2
15
9
9
10
27
49
70

( 5.7)
(42.9)
(25.7)
(25.7)
( 6.4)
(17.3)
(31.4)
(44.9)

9
13
19
16
17
31
42
43

(15.8)
(22.8)
(33.3)
(28.1)
(12.8)
(23.3)
(31.6)
(32.3)

Total
n
24
43
41
41
56
95
135
168

P value

(%)
(16.1)
(28.9)
(27.5)
(27.5)
(12.3)
(20.9)
(29.7)
(37.0)

0.209

0.025

Table 3 The interrelation between smoking and kinds of gastric cancers
Variables
Smoking
No
Yes
Daily consumed cigarettes
0
< 19
20
P For trend
Smoking duration (yrs)
0
< 30
30
P For trend

Controls

Cardia cancer

n

n

120
102

74
117

120
37
65

74
28
89

120
53
49

74
37
80

OR*

95%CI

Non-cardia gastric cancer
n

OR*

2.090 1.261-3.464

0.004

99
91

1.325 0.814-2.157

0.257

1.443 0.753-2.766
2.513 1.455-4.339
0.000

0.270
0.001

99
27
64

1.092 0.579-2.062
1.478 0.863-2.531
0.472

0.785
0.155

1.408 0.755-2.625
2.717 1.548-4.768
0.000

0.282
0.000

99
36
55

1.073 0.596-1.933
1.600 0.906-2.825
0.289

0.814
0.105

*Adjusted by age, gender, drinking and family cancer history in the first–degree relatives
Table 4 Multivariate logistic regression analysis
Selected variable
Family cancer history
Irregular meal
Fast eating
Fresh fruit intake
Well-water drinking
Use of refrigerator
Daily cig. consumption
Years of education

95%CI

P

β

Sχ

OR

95% CI.

P

1.455
0.647
0.707
-0.439
0.555
-0.313
0.298
–0.759

0.289
0.160
0.185
0.195
0.262
0.158
0.158
0.269

4.286
1.909
2.028
0.645
1.741
0.731
1.347
0.468

2.431-7.554
1.396-2.610
1.412-2.912
0.439-0.945
1.042-2.910
0.536-0.997
0.989-1.835
0.276-0.794

0.000
0.000
0.000
0.025
0.034
0.048
0.059
0.005

P
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Table 2 Potential risk or protective factors for cardia and non- cardia gastric cancers, odds ratios & 95 % confidence Interval (CI)
Variables
Irregular meals
No
Sometimes
Frequently
P For trend
Over eating for each meal
No
Sometimes
Frequently
P For trend
Eating speed
Slow
Moderate
Fast
P For trend
Years of education
6
>6
Monthly Food Expense (RMB)
<80
80100200P For trend
Salty fish intake
< 1 times/M
< 3 times/W
3 times/W
P For trend
Fresh vegetables intake
< 3 times/W
3 times/W
Fresh fruit intake
< 1 times/M
< 3 times/W
3 times/W
P For trend
Pickled vegetables intake
< 1 times/M
< 3 times/W
3 times/W
P For trend
Cooking oil
Other type
Peanut oil
Lard oil
Drinking water
Other type
Well water
Tap water
Use of refrigerator
No
< 10 yrs
10 yrs
P For trend
Family Cancer History
No
Yes

Controls

Cardia cancer

n

n

165
36
21

101
45
45

105
55
11

103
58
28

33
110
79

18
67
106

90
132

121
70

62
61
59
40

79
60
34
18

170
49
3

139
41
11

14
208

25
166

30
127
65

52
116
23

88
76
58

61
63
67

56
149
93

OR*

95%CI

1.971 1.152-3.374
4.184 2.260-7.747
0.000

Non-cardia gastric cancer
P

0.013
0.000

1.864 1.139-3.050 0.013
4.720 2.067-10.781 0.000
0.034

n
98
50
42

156
63
24

1.058 0.531-2.107
2.645 1.318-5.307
0.000

0.874
0.006

20
85
85

0.317 0.204-0.492

0.000

96
94

0.653 0.387-1.102
0.397 0.223-0.710
0.313 0.155-0.630
0.000

0.110
0.002
0.001

65
64
46
15

t1.019 0.615-1.690 0.941
5.518 1.367-19.461 0.015
0.111

134
41
15

OR*

95%CI

P

2.310 1.375-3.897
3.662 1.997-6.717
0.000

0.002
0.000

1.806 1.122-1.908
3.499 1.569-7.801
0.000

0.015
0.002

1.308 0.688-2.485
1.878 0.968-3.644
0.043

0.412
0.063

0.643 0.426-0.972

0.036

0.971 0.580-1.625
0.697 0.405-1.199
0.356 0.175-0.726
0.044

0.911
0.192
0.004

1.058 0.646-1.730
5.706 1.588-20.49
0.020

0.824
0.008

0.644 0.303-1.367

0.252

0.586 0.339-1.015
0.289 0.149-0.561
0.000

0.057
0.000

1.139 0.701-1.852
1.269 0.766-2.103
0.367

0.598
0.355

0.439 0.212-0.909

0.027

18
172

0.565 0.328-0.973
0.225 0.112-0.452
0.000

0.040
0.000

44
115
31

1.335 0.804-2.214
1.762 1.044-2.974
0.038

0.264
0.034

69
64
57

32
103
117

0.533 0.347-0.820
2.327 1.521-3.562

0.004
0.000

28
115
107

0.738 0.485-1.124
1.853 1.230-2.794

0.157
0.003

27
60
135

30
98
63

2.822 1.826-4.360
0.301 0.195-0.464

0.000
0.000

32
76
82

1.804 1.176-2.768
0.461 0.306-0.694

0.007
0.000

83
45
94

108
46
37

0.764 0.449-1.302
0.242 0.143-0.409
0.000

0.323
0.000

86
53
51

1.155 0.689-1.935
0.426 0.263-0.693
0.007

0.585
0.001

190
32

122
69

2.090 1.261-3.464

0.004

131
59

1.325 0.814-2.157

0.257

*Adjusted by age, gender, smoking, drinking, and family cancer history in the first–degree relatives
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DISCUSSION
Epidemiological studies have indicated that while the overall
incidence of gastric cancer has been decreasing, the morbidity
of cardia gastric cancer has constantly gone up, which might
reflect a different etiology for the cardia gastric cancer[12-14].
However, little attention has been paid to the risk factors for
this increasing trend of cardia gastric cancer. The correlation
between the risk factors and the location of gastric cancer has
also seldom been investigated[15-17].
In our study the dietary habits were identified as the risk
factors for cardia cancer. Irregular meal, over-eating, and the
fast eating may cause injures to the digestive tract mucosa and
promote the carcinogenesis. The protective effects of taking
in fresh vegetables and fruits against gastric cancer may be
mediated by anti-oxidants such as ascorbic acid. Therefore,
intake of more fresh fruits and vegetables may significantly
lower the risk of gastric cancer, which is consistent with the
former epidemiological studies[18-21]. The present study also
showed that the more the pickled vegetables and salty fish
were taken in, the more the risk for cardia cancer were
increasing, which might be attributed to the potential
carcinogens, such as nitroso compounds contained in these
foods, and may also involved the increased cell replication
and susceptibility to carcinogenesis from salt intake[22-24]. Lard
oil intake was also associated with the increased risk of gastric
ca cancer, probably because of excessive exposures of people
to the saturated fatty acids. We found that in comparison of
the cardia with non-cardia cancer, the carcinogenic risk with
specific food or food groups were similar; however, the dietary
habits associated more closely with the cardia cancer than with
the other stomach carcinomas.
Long-term use of refrigerators could decrease the risk of
both cardia and non-cardia gastric cancer with the adjusted
OR of 0.242 (95 % CI: 0.143-0.409) and 0.426 (95 % CI:
0.263-0.693) respectively. Refrigerator may keep foods and
vegetables fresh for longer period of time, reduce the possibility
of generating nitroso compounds, and maintain vitamins and
other antioxidants at a higher level, which in turn protect the
individuals from exposure to nitroso compounds and other
carcinogens. Effective food preservation, which slows down
the conversion of nitrates ions to highly carcinogenic nitrites,
has been suggested to be at least partially responsible for the
overall decreasing trend of gastric cancer incidence.
Well-water, especially shallow well-water may be more
easily polluted than tap water. In this study, the fact that wellwater drinking was related to an increased risk of cardia cancer
suggested that potentially detrimental materials in polluted
drinking water might be involved in the cardia carcinogenesis.
After adjusted by age, gender, drinking water and family
cancer history in the first-degree relatives, cigarette smoking
manifested as a risk factor for the cardia cancer in this study.
There was a longer smoking exposure history in the cardia
cancer cases than in both cancer- free controls and non-cardia
gastric cancer patients. Significant positive dose-effect
relationship was found both in the daily cigarette consumption
(P<0.001) and the smoking duration (P<0.001). These findings
suggested that the smoking exposure was a specific risk factor
for the cardia cancer, and the results were influenced less by the
recall bias, as it is implausible that patients with cardia cancer
would recall smoking exposure more accurately than the noncardia gastric cancer cases. It is also impossible for the cardia
cancer patients to think the more about smoking as the possible
cause of their illness than the non-cardia gastric cancer patients,
even though cancer cases were aware of their disease status.
Therefore, taking multiple controls of different types can be
valuable for exploring alternate hypotheses and for taking into
account possible potential bias such as recall bias[25].

217

Low socio-economic status and poor education were also
related to the gastric cancer risk[26]. The cancer-free controls
tended to be better educated than the cancer cases in this study.
Family aggregation of the cardia gastric cancer has been
confirmed in this study with adjusted OR of 2.09. The
correlation between the cardia gastric cancer and family cancer
history in the first-degree relatives suggested that inherited
genetic susceptibility and shared environmental risk factors
might contribute to the cardia carcinogenesis[27, 28].
In conclusion, our study indicated that dietary habits and
family cancer history are the risk factors both for cardia and
non-cardia gastric cancer. However, dietary habits and smoking
were associated more with the cardia cancer than the non-cardia
carcinomas. The different epidemiological features between
the cardia and the non-cardia gastric cancer suggested that these
tumors might have different etiologic profiles. Therefore, further
studies on environmental and host determinants of gastric candia
cancer are needed. Our study also suggested that interventions
against cigarette smoking and bad dietary habits may be
important for the prevention of gastric cancer. As part of the
strategy for the cancer control, healthy lifestyle should be
emphasized as every one’s responsibility[29, 30]. Daily intake of
fresh vegetables and fruits should be encouraged[31-33].
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Abstract
AIM: To evaluate the value of miniprobe sonography (MPS),
spiral CT and MR imaging (MRI) in the tumor and regional
lymph node staging of esophageal cancer.
METHODS: Eight-six patients (56 men and 30 women; age
range of 39-73 years, mean 62 years) with esophageal
carcinoma were staged preoperatively with imaging
modalities. Of them, 81 (94 %) had squamous cell carcinoma,
4(5 %) adenocarcinoma, and 1(1 %) adenoacanthoma.
Eleven patients (12 %) had malignancy of the upper one
third, 41 (48 %) of the mid-esophagus and 34 (40 %) of
the distal one third. Forty-one were examined by spiral CT
in whom 13 were co-examined by MPS, and forty-five by
MRI in whom 18 were also co-examined by MPS. These
imaging results were compared with the findings of the
histopathologic examination for resected specimens.
RESULTS: In staging the depth of tumor growth, MPS was
significantly more accurate (84 %) than spiral CT and MRI
(68 % and 60 %, respectively, P<0.05). The specificity and
sensitivity were 82 % and 85 % for MPS; 60 % and 69 % for
spiral CT; and 40 % and 63 % for MRI, respectively. In staging
regional lymph nodes, spiral CT was more accurate (78 %)
than MPS and MRI (71 % and 64 %, respectively), but the
difference was not statistically significant. The specificity and
sensitivity were 79 % and 77 % for spiral CT; 75 % and 68 %
for MPS; and 68 % and 62 % for MRI, respectively.
CONCLUSION: MPS is superior to spiral CT or MRI for T
staging, especially in early esophageal cancer. However,
the three modalities have the similar accuracy in N staging.
Spiral CT or MRI is helpful for the detection of far-distance
metastasis in esophageal cancer.
Wu LF, Wang BZ, Feng JL, Cheng WR, Liu GR, Xu XH, Zheng
ZC. Preoperative TN staging of esophageal cancer: Comparison
of miniprobe ultrasonography, spiral CT and MRI. World J
Gastroenterol 2003; 9(2): 219-224
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INTRODUCTION
Patients with esophageal cancer have a poor prognosis because

on the onset of symptoms and the final diagnosis, most tumors
have reached an advanced stage[1-5]. Resection of esophageal
cancers is the only curative method, but is limited to the early
stages of the disease[6-10]. Therefore, the early diagnosis and an
accurate staging are very important for the surgery.
Esophageal tumor is a common disease in China[11-17].
Shantou is a high-risk region. The incidence of the disease
ranges from 60-150 per100 000 population and the mortality
is as high as 90-134 per 100 000 population[18,19]. Currently,
several cross sectional imaging techniques, such as endoscopic
ultrasonography (EUS), computed tomography (CT) and
magnetic resonance imaging (MRI) have been widely used to
provide preoperative staging and follow-up information in
these patients[1, 20-26]. Unfortunately, all these techniques have
their limitations.
Miniprobe endosonography (MPS) is a new intracavitary
technique[27], especially in China[28,29]. In staging esophageal
tumors, previously most studies used the 1987 TNM
classification system[30]. In this study, we adopted the new (1997)
TNM classification standard[31]. The purpose of our study is to
compare the accuracy of the three different modalities in
preoperative TN staging in patients with esophageal tumors and
to analyze their advantages and limitations.

MATERIALS AND METHODS
Patients
From February 1997 to May 2001, 86 patients (56 men and 30
women; age range of 39-73 years, mean 62 years) with
esophageal carcinoma were staged preoperatively with imaging
modalities. All patients were operated on and staging was done
either by histopathological assessment of the resected
specimens, or by intraoperative findings, or both. The findings
of histopathologic examination were as a gold standard and
compared with the results of MPS, spiral CT, and MRI. Of the
86 patients, 81 (94 %) had squamous cell carcinoma, 4(5 %)
adenocarcinoma, and 1(1 %) had adenoacanthoma. Eleven
patients (12 %) had malignancy of the upper one third, fortyone (48 %) of the mid-esophagus and thirty-four (40 %) of the
distal one third. Forty-one patients were examined by spiral
CT in which 13 were co-examined by MPS, and 45 patients
were examined by MRI in whom 18 were also co-examined
by MPS. Of the 22 stenotic tumors in this group, 12 were
examined by MPS and the others by spiral CT or MRI.
Imaging procedure
Miniprobe sonography system (Sp-501, Fujinon Co. Ltd, Japan)
was used to obtain ultrasound images. A miniprobe (2.6 mm
in diameter, 2.05 m in length, 12 MHz or 15 MHz in frequency)
was passed through the biopsy channel of a video-endoscope
(Olympus XQ-200) during routine endoscopy. Examinations
were performed by one endoscopist using the following
technique. Premedication with 5 mg midazolam was
administered intravenously to 31 patients. First, a standard
endoscopy was performed to determine the exact location and
size of the tumor. Then the tip of the endoscope was placed 2
to 3 cm proximally to the tumor. The lumen was filled with
50-300 ml of deaerated water to achieve acoustic coupling
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between transducer and wall. The normal esophageal wall is
known to be visualized by MPS as a five-layer structure: (1)
mucosa (hyperechoic), (2) muscularis mucosa (hypoechoic),
(3) submucosa (hyperechoic), (4) muscularis propria
(hypoechoic), and (5) adventitia (hyperechoic). TN staging of
MPS was modified according to the 1997 standard of TNM
classification[31]. Depth of invasion of the primary tumor was
assessed as follows: T1, tumor invading the lamina propria or
submucosa; T2, tumor invading the muscularis pripria and
leading to complete or nearly complete loss of the layer
structure, but with a smooth outer margin; T3, tumor invading
the adventitia and surrounding fat tissues; and T4, tumor
invading adjacent structures. The criteria for the assessment
of lymph node metastasis were used according to our previous
standard[28]. In short, the hypoechoic pattern, clearly defined
boundaries, especially the direct extension from the primary tumor
were considered malignant nodes. In contrast, the hyperechoic
pattern and fuzzy borders were considered benign nodes.
Spiral CT scans were obtained by means of a commercially
available unit (Tomoscan AV EP-Plus, Phillip) with 10-mm
thick contiguous sections from the pulmonary apices to the
adrenal region. Enhanced CT scan was performed in a biphasic
mode with a rapid intravenous injection of 50 ml iothalamate
meglumine (Ultravist) in 38 patients. Three hundred ml of water
was administrated to the patients with distal neoplasms before
the CT scanning in order to assess gastric extension. Spiral CT
imagins were reviewed by an experienced radiologist, and TN
stages were evaluated using the same criteria described below
for MR examinations.
MR imaging was performed with a permanent magnet
operating at 0.15T (ASP-015, Annke) with a 128×256
acquisition matrix. Multiple spin-echo pulse sequences were
obtained in the transaxial plane at repetition times (TR) of 500,
1 800, or 2 500 msec and echo times (TE) of 35, 90 or 120
msec. In some patients, the sagittal and coronal images were
obtained. T1-weighted images were obtained at repetition times
(TR) of 500msec and echo times (TE) of 30 msec, and T2weighted images were obtained at TR of 1 500-1 800 msec
and TE of 90-120msec. Transaxial images with contiguous 810 mm sections were obtained from the pulmonary apices,
including supra clavicular fossas to the upper abdomen,
including the entire liver. Coronal and sagittal images with
contiguous 8-10 mm sections were obtained in 37 patients,
and 0.5 % Gd-DTPA was orally administered to distend the
stomach before the MR examination. ECG-gated scans were
not used in all patients. Five mm esophageal thickness was
used as the upper limits of normal esophageal wall. Any
increase beyond this was considered abnormal. Since CT or
MRI cannot differentiate each layer of the esophageal wall,
according to Botet et al standard[32], thickening of the wall
greater than 5 mm and less than 15 mm was diagnosed as
modified T2, thickening of the wall greater than 15 mm with
irregularity of the outer margin as T3, and tumor invasion of
adjacent structures such as the trachea, aortic pericardium, or
vertebral body as T4. Lymph nodes greater than 10 mm in
shortaxis diameter were considered abnormal. In contrast,
lymph nodes less than 10 mm in diameter were considered
benign nodes.

Statistics
The accuracy, sensitivity and specificity of MPS, spiral CT
and MRI were calculated using histopathologic staging as a
gold standard. For T stage, the sensitivity is a measure of the
ability of the three modalities to correctly stage T1/T2 and not
overstage tumors as T3/T4, and conversely the specificity is a
measure of the ability of the three modalities to correctly stage
T3/T4 and not understage tumors as T1/T2[30]. A Chi-squared
test was performed to assess the differences in staging accuracy
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by different methods. A P value of less than 0.05 was
considered to be statistically significant.

RESULTS
Evaluation of tumor growth ( T stage)
Tables 1 shows the accuracy of the three modalities for
predicting the T category. Of the 86 patients, 4 patients had
T1 tumor, 8 T2, 34 T3 and 40 T4 by final histopathologic
examination.
Thirty-one patients were examined by MPS. It correctly
diagnosed all 4 (100 %) T1 tumors, 5 of 7 (71 %)T2, 8 of 9 (89 %)
T3, and 9 of 11(82 %) T4. In stage T2, one was understaged
and another was overstaged. In stage T3, only one tumor was
misdiagnosed as T2. In stage T4, two tumors were understaged.
The sensitivity and specificity were 82 % and 85 %, respectively.
The overall accuracy of MPS was 84 %.
Spiral CT was performed in 41 patients. Among them, 2
had T1 tumor, 3 T2, 14 T3 and 22 T4 by final histopathologic
examination. In 5 T1/T2 tumors, 2 were overstaged, and 3
were staged as modified T2 correctly (75 %). In stage T3, 2
tumors were understaged as T2 and 1 was overstaged, 11 of
14 were staged correctly (79 %). In stage T4, 8 were
misdiagnosed, and only 14 of 22 were staged correctly(64 %).
The sensitivity and specificity of T staging by spiral CT were
60 % and 69 %, respectively. The overall accuracy was 68 %.
MRI was performed in 45 patients. Among them, 5 had
T2 tumor, 20 T3 and 20 T4 by final histopathologic
examination. No T1 tumor was examined by MRI. In stage
T2, one was understaged and 2 were overstaged, only 2 T2
were staged correctly (40 %). In stage T3, 2 tumors were
understaged as T2 and 4 were overstaged, 14 of 20 were staged
correctly (70 %). In stage T4, 9 were misdiagnosed, and only
11 of 20 were staged correctly (55 %). The sensitivity and
specificity were 40 % and 63 %. The overall accuracy of MRI
was 60 %.
Table 1 Accuracy of T classification in esophageal cancers:
MPS, spiral CT, MRI compared with histopathologic staging
Histopathology n

T1

Accuracy (%)
MPS

Spiral CT

MRI

4

4/4 (100)

T2

8

5/7 (71)

3/5 (75)

2/5 (40)

T3

34

8/9 (89)

11/14 (79)

14/20 (70)

T4

40

9/11 (82)

14/22 (64)

11/20 (55)

Total

86

26/31 (84)

28/41 (68)

27/45 (60)

Evaluation of lymph node involvement (N stage)
Tables 2 shows the accuracy of the three modalities for
predicting the overall N category differentiated as N0 or N1.
Among the 86 patients, 47 had histopathologically proved
lymph node involvement.
In 31 patients investigated by MPS, 19 had lymph node
involvement and 12 had not by histopathologic examination.
MPS correctly diagnosed 13 patients in 19 positive nodes. In
12 patients without lymph node involvement, MPS diagnosed
9 patients correctly. There were 3 false-positive and 6 falsenegative. The sensitivity, specificity and accuracy were 68 %,
75 %, and 71 %, respectively.
Of 41 patients examined by spiral CT, 22 had lymph node
involvement. Spiral CT showed 17 patients had regional lymph
node metastasis in 22 positive patients. In 19 patients without
lymph node involvement, spiral CT diagnosed 15 patients
correctly. There were 4 false-positive and 5 false-negative.
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The sensitivity, specificity and accuracy were 77 %, 79 %,
and 78 %, respectively.
Among 45 patients examined by MRI, 26 had lymph node
involvement. MRI showed 16 had regional lymph node
metastasis in 26 positive patients. In 19 patients without lymph
node involvement, MRI diagnosed 13 patients correctly. There
were 6 false-positive and 10 false-negative. The sensitivity,
specificity and accuracy were 62 %, 68 %, and 64 %, respectively.
Table 2 Accuracy of N classification in esophageal cancers:
MPS, spiral CT, MRI compared to histopathologic staging
Accuracy (%)

Histopathology n
MPS

Spiral CT

MRI

N0

39

9/12 (75)

15/19 (79)

13/19 (68)

N1

47

13/19 (68)

17/22 (77)

16/26 (62)

Total

86

22/31 (71)

32/41 (78)

29/45 (64)

DISCUSSION
It was reported that accuracy rates of EUS were approximately
52-92 % in the assessment of the infiltration depth of
esophageal cancer[33-39]. In our study, the overall accuracy of T
staging was 84 %. We think that the high resolution of MPS
contributes the good results, 12MHz translator made it possible
to differentiate esophageal histological structures and delineate
the entire margins of tumors, especially in the superficial
esophageal cancer. The penetration depth of good resolution
ultrasound was about 6-8 cm, which could clearly visualize
the tumor and the adjacent organs[40]. In some reports, T1
tumors were often overstaged as T2 because of the resultant
obliteration of the submucosa and the muscularis propria[33 ].
Although one study reported no benefit of miniprobes in
esophageal cancers[41], Menzel et al carefully compared the
effects of higher frequency miniprobes with conventional
probes and concluded that MPS had a higher accuracy for T
staging and similar accuracy for N staging in esophageal
tumors[42]. Akahoshi et al also demonstrated the benefit of MPS
in early gastric cancers[43 ]. In this series, 4 T1 tumors (including
one superficial mucosal carcinoma) were all correctly
diagnosed because the tact border of muscularis propria was
clearly visualized. In T2 tumor, the accuracy was 71 %. One
T2 tumor was overstaged as T3 because the inflammation and
fibrosis were mistakenly interpreted as tumor extension through
the muscularis propria. Another T2 tumor was understaged
because the microscopic invasion beyond the submucosa was
not discerned. For T3 tumors, only one was understaged due
to inexperience. The tumor was larger and the invasion outside
the muscularis propria was interpreted as an irregular outer
margin of the muscularis propria. In T4 stage, two tumors were
understaged because the adjacent malignant stricture (tracheal
or bronchial invasion) was not discerned in a limited field of
view. We thought that endosonographic wall penetration was
a critical factor. Richards et al also observed that ultrasound
attenuation was a commonest reason which led to the error of
diagnosis in the advanced tumor[44], in particular in stenotic
tumors[45]. In addition, artifacts due to oblique scanning may
also give rise to misrepresentation of the true depth of
penetration, which was another deficient of MPS.
CT or MRI has been widely used in staging tumors of the
upper intestinal tract. However, their diagnostic accuracy in
evaluating esophageal carcinoma is controversial. Both of them
have the same limitations, i.e. unable to discriminate the layer
of the esophageal wall and to detect tumor spread through the
muscular wall into adjacent tissues[32]. Evaluation of direct
invasion by CT or MRI is based on two criteria: mass effect
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and loss of fat planes. When the trachea or bronchial wall is
indented or displaced away by a tumor mass, the mass effect
is present and invasion is presumed. The loss of fat plane
between tumor and adjacent tissues is commonly used to predict
aortic and pericardial invasion. According to the reports, the
accuracy of CT or MRI in staging the local tumor infiltration
ranged from 45 % to 73 %[46-51]. Quint et al compared MRI
with CT in the staging of esophageal tumors[52]. In 12 patients
evaluated, they found that both CT and MRI were 100 %
accurate in prediction of tracheobronchial invasion with an
accuracy rate of 75 % for aortic invasion and 88 % for
pericardial invasion. In a late review, Kelly et al reported that
the sensitivity of CT ranged from 40 % to 80 % and the
specificity from 14 % to 97 %[30]. In present study, the sensitivity
of the three modalities ranged from 40 % to 82 % and the
specificity from 63 % to 85 %. Three patients misdiagnosed
by spiral CT and five patients by MRI were staged correctly
by MPS, especially in T1-T2 tumors, which demonstrated the
superiority of MPS. Spiral CT is an inspiring new technique.
Our primary data showed that spiral CT was not optimistic,
although spiral CT had a higher accuracy than MRI, no
significant difference was found (P>0.05). MPS appeared more
accurate (84 %) than spiral CT or MRI (68 % or 60 %,
respectively, P<0.05). Although strictly blinded approach was
not taken in this study, our results continue to support the
hypothesis that endosonography is superior to CT or MRI in
the T staging of esophageal cancer[53-55].
MPS can only visualize lymph nodes close to the esophageal
wall whereas CT and MRI can demonstrate both regional and
distant lymph node metastases. For MPS, the differentiation
of malignant lymph nodes from benign nodes could be made
according to its size, distance from tumor and echo features.
The round hypoechoic lymph nodes with a smoothly
demarcated border and size greater than 5 mm had the greatest
probability of malignancy [56]. Murata et al[57] used MPS to
evaluate lymph nodes in different periesophageal areas and
the accuracy being 88 %. Other reported that the accuracy of
EUS ranged from 68 % to 92 %[29,58-60]. In this study, the overall
accuracy of MPS for diagnosing the N category was 71 %,
with a sensitivity of 75 % and a specificity of 68 %. Our results
were consistent with these reports.
We think that the lack of reliable criteria in N staging may
be the main reason of low accuracy for MPS. The judging
value of node size is still controversial. Some authors reported
that nodes larger than 5 mm were not inflammatory in the
resection specimens[33, 61-64]. Tio et al thought that enlarged
lymph nodes were not necessarily cancerous and small nodes
might be involved by tumors[33]. We also observed that lymph
nodes larger than 5 mm were inflammatory by pathological
examination[28]. However, we believed that nodes greater than
10 mm, especially close to the primary tumor, rounder, darker,
and more homogeneous had much more possibility of
malignancy[20]. In addition, the morphology of tumors would
also be another important factor affecting these results.
Holscher et al[65] thought that MPS was more accurate than
CT or MRI in the diagnosis of lymph node metastases. Tio et
al[33], however, pointed out that CT was superior to EUS for
evaluating celiac lymph nodes due to nontraversable stenoses.
In this series, the accuracy of spiral CT (78 %) was higher than
that of MPS or MRI (68 %, 64 %, respectively), but without
significant difference (P>0.05). The cause was not clear. We
think that methodologies of study designs are related to these
results, because different assessment conditions, such as
technical parameters, anatomical location of tumors and patient
characteristics could lead to different results[66]. For example,
stenotic tumors were not included or accounted for different
percentages in some studies[65]. Hordijk et al assessed the
influence of tumor stenosis on T staging accuracy of
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miniprobes. A lower accuracy (46 %) was obtained with
stenotic tumors than those with nontraversable tumors (82 %).
They postulated that the main reason lay in the short focal
distance between the ultrasonic transducer and tumor hampered
clear visualization of the wall layers and tumor penetration
depth[45]. On the other hand, Kallimanis et al[66] reported that
the degree of esophageal stenosis was an important criteria for
lymph node involvement. Brugge et al pointed out that T3
and T4 tumors were significantly thicker than T1 and T2
tumors[67]. In our previous reports, about half of severe stenotic
tumors were T3 and the other half T4[18]. Tio et al indicated
that the incidence of positive lymph nodes in the advanced
tumors (T3/T4) was higher than the intramural tumors (T1/
T2)[33]. In this study, 23 (27 %) patients had stenotic tumors, in
whom 10 patients had T3 and 13 had T4 and all had the lymph
node involvement. No one had T2 or T1 stage. In other words,
stenotic tumors had more possibilities of advanced stage and
lymph node metastasis[18, 68-72]. Our results strongly supported
Brugge’s view[67]. However, in 12 stenotic tumors examined
by MPS, only 5 (42 %) were correctly diagnosed. In another
10 stenotic tumors, 5 (5/6) were correctly diagnosed by Spiral
CT and 3(3/4) by MRI. Spiral CT and MRI appeared more
accurate than MPS in stenotic tumors[30,71].
In clinical practice, two methods are commonly used to
improve the accuracy of diagnosis. One is the use of contrast
material, such as Ultravist on spiral CT or Gd-TDPA on MR
imaging. Enhanced imaging can provide useful information
of the blood supply of the lesions, which is helpful to
distinguishing the malignant from the benign mass. The other
one is the regulation of the section thickness. A section gap of
1-2 mm can help discover micro-lesions. However, Gd-DTPA
has several disadvantages, such as non-specific distribution
and slightly nephrotic toxicity [73]. To develop new tissuespecific contrast material would further improve the accuracy
of spiral CT and MRI in TNM staging of gastricoesophageal
carcinoma. In addition, it should be taken into consideration
that in our study the MR equipment was of (first generation),
which was also a reason for its low accuracy.
We think that the experience is an important factor to
improve the accuracy of diagnosis[28]. Some problems such as
the lack of training facilities, EUS courses and EUS laboratories
limit the wider use of MPS. No atla of endosonography for
different diseases has been published in the world so far. The
interpretation of endosonographic images is dependent on the
ultrasound knowledge or the results of animal experiments.
The lack of experience in transabdominal ultrasonography
hinders the reasonable interpretation for some complex image
patterns. The ultrasound images are also unsteady. We observed
that the esophageal wall can be visualized as a five-layer
structure, but sometimes as a three-layer structure[28]. Other
authors also reported the similar results[35,57]. The reason remains
to be demonstrated. Many hospitals diagnosed the disease in
cooperation between endoscopists and ultrasoundists. In
addition, many surgeons have still doubted the role of
endosonography. They would rather believe the results of spiral
CT or MRI. In fact, CT or MRI plays an increasing role in
ruling out the intra-abdominal metastasis so as to avoid
unnecessary surgery[74]. We also think it unnecessary to make
MPS examination for those patients who have lost the operation
chance. To our knowledge, surgeons in our hospital make the
therapeutic plans for the patients with advanced tumors mainly
relying on the results of spiral CT or MRI. As a watter of
contrast, they select the surgical procedures for the patients
with stage T1 and T2 much more depending on the results of
MPS. As a matter of fact, MPS appears superior to CT or MRI
mainly in staging early tumors and the latter have much higher
accuracy in determining the presence or extent of more distant
metastases. A combination of endoscopic ultrasound including
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computer-assisted analysis and spiral CT or MRI are expected
to provide a higher TNM accuracy[75].
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Abstract
AIM: To elucidate the expression of E-cadherin and β-catenin
correlating with its clinical outcome in patients with
esophageal squamous cell carcinoma (ESCC), by analyzing
their interrelationship with clinicopathological variables and
their effects on progress and prognosis.
METHODS: Expression of E-cadherin and β-catenin was
determined by SP immunohistochemical technique in
patients with ESCC consecutively, their correlation with
clinical characteristics was evaluated and analyzed by
multivariate analysis.
RESULTS: The rate of expression of E-cadherin decreased
to 66.03 % (70/106) in ESCC and the protein level was
negative correlated with histologic grade, tumor size, clinical
staging, lymph node metastasis and venous invasion.
Whereas the expression rate of β-catenin was reduced to
69.8 % (74/106) and the level of protein expression
correlated only with histologic grade. There obviously existed
inverse correlation between level of E-cadherin protein and
survival, especially in stage I, IIa, IIb (P=0.0033), Patients
with low-expressing tumors for β-catenin and non-expressing
tumors for E-cadherin/β-catenin had lower survival period
than those with normal-expressing ones (P=0.0501 and
P=0.0080, respectively). Patients with diminished expression
of E-cadherin as grade II or III had shorter survival period
than those with normally expressing and grade I, no
significance existed between grade I and grade II or III
with respect to different status of E-cadherin expression.
Furthermore, Correlation analysis showed level of E-cadherin
correlated with that of β-catenin (P=0.005). Cox proportional
hazards model analysis suggested downregulation of Ecadherin was an important factor indicating poor prognosis.
CONCLUSION: As a probable independent prognostic
factor, it correlates with overall and disease free survival
period, expression of E-cadherin but not β-catenin may
predict prognosis in patients with ESCC.
Zhao XJ, Li H, Chen H, Liu YX, Zhang LH, Liu SX, Feng QL.
Expression of e-cadherin and β-catenin in human esophageal
squamous cell carcinoma: relationships with prognosis. World
J Gastroenterol 2003; 9(2): 225-232
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INTRODUCTION
Esophageal carcinoma is generally considered as one of the
most extremely aggressive carcinomas with dismal prognosis
identified thus far[1-5]. In recent years, postoperative survival
of the patients with esophageal carcinoma have been improved,
However, 5-year survival rate of operative advanced
esophageal carcinoma is still 20-25 %. Early diagnosis and
treatment are still important[2,3,6-9]. TNM system is always
considered as a classic criterion to provide treatments and
evaluate prognoses. Unfortunately tumor heterogeneity and
individual differences influence its accurate estimation [10].
Therefore, to establish a “molecular staging” system based on
materials combining biomarkers and clinical parameters
including histologic grade and tumor stage may be helpful to
guide individuated treatment and evaluate prognosis. Then
some potential molecules remain to be identified[6,8,9,11-15].
Invasion and metastatic processes themselves consist of
sequential multi-stage, multi-step involving host-tumor
interactions[16]. Some studies showed status of intercellular
adherens junction plays a pivotal role in tumor growth,
invasion, metastasis and prognosis and the suppression of cellcell adhesiveness may trigger the release of cancer cells from
the primary cancer nests and confer invasive properties on a
tumor[16-18]. Detecting expression of adhesion molecules may
reflect biological behavior and characteristics of tumor and
are conducive to predict and evaluate risk of relapse and
metastasis of the patients with postoperative esophageal
carcinoma, thus having realistic significance to guide
individuated treatment.
The cadherins that exist in many kinds of cells, belong to a
family of transmembrane glycoproteins responsible for
homophilic interaction of calcium-dependent cell-cell
adhesion. Among them, E-cadherin (120 kDa, chromosome
16q22.1) is a classical cadherin and forms the functional
component of adherens junctions between epithelial cells, and
β-catenin, a multifunctional cytoplasmic protein which links
E-cadherin and α-catenin to cytoskeletoh constituted Ecadherin-catenin complex, both have important roles in
maintaining integrity of cellular structure[16-20]. Reduction and
loss of expression in cancer cells may destroy the junctional
structure which can affect the intercellular adhesion, and
facilitate tumor differentiation, infiltration and metastasis, Their
expression are related to survival and prognosis in a portion of
cancer. It had been formed that E-cadherin might be an
independent predictor of occult lymph node or micrometastasis
in nodes classified as N0 by routine histopathological methods.
However, only few studies were available in ESCC[18,21,22].
β-catenin has recently been found as a member in Wnt
signaling[23-25]. In the absence of a mitotic signal outside the
cell, β-catenin is sequestered in a complex with the APC
(adenomatous polyposis coli) gene product, a serine threonine
glycogen synthetase kinase (GSK-3β) and an adapter protein
axin (or a homologue conductin), enabling phosphorylation
and degradation of free β-catenin by the ubiquitin-proteasome
system[23-25]. When a mitotic signal is delivered by the Wnt
pathway, by association of the Wg/Wnt family of secreted
glycoproteins and their membrane receptors frizzled, it leads
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to activation of the dishevelled (Dsh) protein, which is recruited
to the cell membrane. The activated Dsh downregulates the
protein complex, so that it can no longer phosphorylate βcatenin, The release of β-catenin from the phosphorylation and
degradation complex promotes β-catenin stabilization and
signaling. This results in an increase of free cytosolic β-catenin
which translocates to the nucleus and directly binds the
transcription factors Lef and Tcf, leading to activation of gene
expression[26,27].
Here, we performed E-cadherin and β-catenin expression
analysis in a 106 ESCC in order to elucidate whether the
expression of E-cadherin and β-catenin correlate with
clinicopathological variables and clinical outcome, by
analyzing their interrelationships and effects on progression
of cancer and their prognostic evaluations in ESCC.
Furthermore, may provide some considerable suggestions for
clinical treatments.

MATERIALS AND METHODS
Clinicopathologic data
The specimens of cancer tissues and non-cancerous adjacent
tissues were taken from 106 consecutive patients with
esophageal squamous cell carcinoma who had undergone
esophagectomy from January 1990 to December 1995 at
Cancer Hospital of Tianjin Medical University, Tianjin, China.
None of them received irradiation or chemotherapy
preoperatively. The patients included 76 men and 30 women
with a mean age of 59 (range 37-76) years. Ten tumors were
in the upper segment, 68 in the middle segment and 28 in the
lower segment. With respect to their growth pattern, they were
20 medullary type, 42 fungating, 34 ulcerative, 9 scirrhous
and 1 other type. Of seventy-three patients underwent left
thoracic approach esophagectomy, 60 cases had esophagogastric
anastomosis above the aortic arch, 10 below the aortic arches
and 3 cervical esophagogastric reconstruction, 25 patients
underwent right thoracic posteriolateral, abdominal and
cervical approach esophagectomy and 8 with other approach.
Tumors were staged again according to the TNM classification
(UICC1997): 2 patients with stage I, 31 IIa, 10 IIb, 60 III and
3 IV. Postoperative radiotherapy was performed in 12 patients
and chemotherapy in 15, Survival periods were calculated from
the date of operation to death from recurrence of the disease,
Follow-up period ranged from 2 to 117 months with an average
of 32.4 months.
Immunohistochemical staining
For parallel analyses of staining characteristic of the tumor
and normal mucosa, representative tissue section comparing
the most part of the tumor and adjacent normal mucosa were
selected after the H&E stained slides were reviewed. In brief,
Four micrometers thick sections prepared from 100 ml·l-1 neutral
buffered formalin-fixed and paraffin-embedded tumor tissue
on the slides were deparaffinized, dehydrated and blocked from
removing endogenous peroxides activating with 3 ml·l-1 H2O2
in methanol for 30 min. The sections were microwaved in
0.l mol·l-1citrate buffer pH 6.0 at 750 W for 12 min. After
incubation with 10 % normal goat serum to block non-specific
binding and were then incubated with the primary antibodies
such as mouse monoclonal anti-human E-cadherin (4A2C×7,
Santa Cruz Biotechnology, USA, ready to use) and polyclonal
rabbit anti-β-catenin (Sigma Chemical Company, USA, diluted
1:1 000 in PBS) overnight at 4 . After washing antibody
with the SP kit (Zymed, USA) the peroxides reaction was
performed using 3, 3’-diaminobenzidine tetrahydrochloride
(DAB) (Zhongshan Biological Technology, Beijing, China)
as chromogen. Tissues were counterstained with hematoxylin.
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The slides were washed between each step three times with
PBS, Negative control was obtained by replacing the primary
antibody with PBS. Adjacent normal squamous epithelium
served as an internal positive control.

Evaluation of immunohistochemical staining
Tumor sections were scored by light microscopy by 3
independent observers (Chen H, Li H and Liu XS) without
knowledge of the stage and patient profiles. Based on the
previous immunohistochemical studies[28], the membranous
staining of cells were positively stained by the antibody.
Calculating the percentage of positively stained cells evaluated
for each tissue section after counting 100 cells at more than 5
high-power (×200) fields. The expression of E-cadherin and
β-catenin were classified into 3 grades, as follows: -, If less
than 10 % of the tumor cells were positively stained; +, If
more than 90 % of the tumor cells were positively stained, the
expression was judged to be positive; and ±, between 10 %
and 90 % of the tumor cells were evaluated as heterogeneous.
The specimens graded + stand for normal expression, ± and were taken together and classified as reduced expression.
Statistical analysis
The χ2 test and Spearman rank correlation coefficient analysis
were used to assess the univariate association between the
immunohistochemical status and the clinicopathological
characteristics. The survival rate was calculated by life table
and cumulative survival curves were constructed according to
the Kaplan-Meier method, and differences in survival were
estimated with the Log-rank test Cox proportional hazards
model was used for multivariate survival analysis. A P value
less than 0.05 was considered significant. All the statistical
analyses were performed using the SPSS 10.0 V for Windows
software.
RESULTS
Expression of E-cadherin and β-catenin in normal esophagus
Normal esophageal epithelium showed strong expression of
E-cadherin and β-catenin at the membrane of cell and the
intercellular junctions. Expression of these molecules was more
marked in the prickle cell layer and para-basal cell layers. No
or weak cytoplasmic staining of E-cadherin and no cytoplasmic
staining of β-catenin were seen in normal esophageal
epithelium. Esophageal glands and their duct also showed
expression of these molecules at cell membranes, Whereas nonepithelial cells such as muscular tissue and infiltrating
lymphocytes did not.
Expression of E-cadherin and β-catenin in esophageal
carcinoma
Reduced homogenous and heterogeneous staining of Ecadherin and β-catenin were found in esophageal carcinoma
(Figure 1). In well/moderately differentiated carcinomas,
cancer cells from the tumor nest peripheries showed weaker
expression of these molecules than those in the centers showing
zonal differentiation (Figure 2). Although reduced expression
and loss of them were always present in poorly differentiated
carcinomas, some showed normal expression of these
molecules in neoplastic nests. Reduced membranous
expression of E-cadherin and β-catenin were found in 66.0 %
(70/106) and 69.8 % (74/106), respectively.
Expression of E-cadherin and β-catenin and clinocopathologic
variables
Significant inverse correlation existed between the intensity
of E-cadherin expression and histologic grade, tumor size,
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D

Figure l Expression of E-cadherin in esophageal squamous carcinoma tissue, brownish membrane and cytoplasm were shown in
part of the tumor cells (A, B positive,C heterogeneous, D negative expression Original magnification ×200; B, Original magnification ×400).

E

F

G

H

Figure 2 Expression of β-catenin in esophageal squamous carcinoma tissue ,brownish membrane and cytoplasm were shown in
part of the tumor cells in the centers showing zonal differentiation (E, F positive, G heterogeneous, H negative expression Original
magnification; F, Original magnification ×400).
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clinical staging and venous invasiveness, No significant
differences were seen in age, gender, location of tumor, growth
pattern and invasion depth (rs=0.020~0.156, P=0.084~0.118).
Expression of β-catenin correlated significantly only with
histologic grade, Whereas no differences were observed in age,
gender, location of tumor, tumor size, clinical staging, growth
pattern, venous invasiveness and invasion depth (rs=0.060~0.1569,
P=0.541~0.104), shown in Table 1. In carcinomas with lymph
node metastasis, reduced expression of E-cadherin and βcatenin were seen in 76.59 % (36/47) and 72.34 % (34/47)
versus 57.63 % (34/59) and 67.79 % (40/59) in carcinomas
without lymph node metastasis, respectively. The staining of
E-cadherin correlated only with lymph node status (P=0.040)
and no significant differences for β-catenin.
Table 1 Relationships between espression of E-cadherin and βcatenin an clinicopathological parameters in patients with ESCC
Group

Total

+

β-catenin

E-cadherin

P

±

rs

+

-

±

P

-

rs

Histologic grade
I

17

8

8

1

9

6

2

II

69

25

33

11

0.001

21

28

20

0.014

III

20

3

7

10

-0.309

2

12

6

-0.238

Tumor size (cm)
<3.0

10

6

2

2

0

5

5

3.0-5.0

41

16

18

7

15

15

11

5.0-7.0

44

11

24

9

0.054

12

24

8

0.213

7.0

11

3

4

4

-0.187

5

2

4

-0.212

2

2

0

0

0

2

0

IIa

31

16

11

4

13

13

5

IIb

10

2

5

3

0.013

3

2

5

0.124

III

60

15

31

14

-0.241

6

27

17

-0.150

IV

3

1

111

1

0

2

1

Yes

27

5

14

8

0.042

6

12

9

0.237

No

79

31

34

14

-0.198

26

34

19

-0.116

Yes

47

11

22

14

0.014

13

21

13

0.646

No

59

25

26

8

-0.239

19

25

15

-0.045

Expression of E-cadherin and β-catenin and survival
The median survival was 28.64 months and overall 1-, 3-, 5-year
survival rates were 57.13 %, 34.89 % and 29.59 %, respectively.
There obviously existed inverse correlation between intensity of
E-cadherin protein and survival (P=0.0532), even in the group
without receiving postoperative chemotherapy or radiotherapy
(P=O.0067 and P=0.0295, respectively). Patients with loss of
E-cadherin expression had lower survival at 1-, 3-, 5-year than
those with expression tumors, and Patients with reduced Ecadherin expression had shorter disease-free survival than those
with normal expression (P=0.0278). No significant correlation
was apparent between abnormal expression of β-catenin and
overall survival. But patients with low-expressing tumors for
β-catenin and non-expressing tumors for E-cadherin/β-catenin
had shorter median survival period than those with normal
expressing tumors (P=0.0501and P=0.0080, respectively) in
the group without receiving postoperative chemotherapy or
radiotherapy (P=0.0735 and P=0.0205, respectively).
Expression of E-cadherin and survival stratified for tumor stage
In patients with stage I, IIa, IIb, the median survival for normal,
heterogeneous and negative E-cadherin expressing groups were
106.59, 46.59 and 28.50 months, respectively. Statistically
significance existed in different level of E-cadherin and overall
survival (P=0.0033), Survival curves were shown in Figure3,
and disease-free survival (P=0.0002) in different E-cadherin
expressing groups whose median survival were 78,56, 32.00
and 14.00 months. In contrast, as for stage III or IV, no significance
existed in different level of E-cadherin (P=0.2152 and P=0.3397,
respectively). Survival curves were shown in Figure 4.

Venous invasion

Cum survival

Clinical staging
I

Lymph node
metastasis

Table 2 Relationships between E-cadherin and β-catenin
expression in ESCC
E-cadherin

Total

+
±
Total

36
48
22
106

rs=0.270, P=0.005.

β-catenin
+

±

-

17
11
4
32

13
24
9
46

6
13
9
28

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Survival functions

+ ++ +

+

0

20

+

+ +
++

A E-cadherin (+)
B E-cadherin (±)
C E-cadherin (-)
Overall P=0.0033
A vs C P=0.0015
B vs C P=0.0134

A

B

+

40
60
80
100
Survival (months)

120

Figure 3 Kaplan-Meier survival curves for patients with stage
I, II according to E-cadherin expression.

Cum survival

Relationships between E-cadherin and β-catenin
As summarized in Table 2, the expression of both E-cadherin
and β-catenin were evaluated in consecutive sections. The
correlation between E-cadherin and β-catenin was statistically
significant (P=0.005). 17.92 % (19/106) of tumors were Ecadherin(+)/β-catenin(± ~ -), and 14.15 % (15/106) of tumors
were E-cadherin (± ~ - )/β-catenin (+), statistically significant
differences were observed in different expression of these
molecules (Pearson χ2=6.086, P=0.014).
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1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Survival functions

A E-cadherin (+)
B E-cadherin (±)
C E-cadherin (-)
Overall P=0.2152

C

B
A

0

20

40
60
80
100
Survival (months)

120

Figure4 Kaplan-Meier survival curves for patients with stage
III, IV according to E-cadherin expression.

Expression of E-cadherin and survival stratified for histoglogic
grade
Patients with diminished expression of E-cadherin and grade
II or III had shorter survival period than those with normally
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Table 3 Multivariate results in Cox proportional hazards analysis for patients with ESCC
Variables

Category(Value)

β

Wald

P Value

HR

95%CI

Overall survival (n=106)
location (mid-thoracic)

No/Yes(0/l)

0.650

5.665

0.017

1.916

1.112~3.272

Lymph node metastasis

No/Yes(0/l)

0.599

5.893

0.015

1.821

1.1222.~953

Venous invasion

No/Yes(0/l)

1.147

18.633

<0.00l

3.148

1.870~5.229

0.420

8.475

0.004

1.521

1.147~2.018

-/±/+(0/1/2)

-0.431

5.687

0.017

0.650

0.456~0.926

Gender

M/F(0/1)

0.675

4.786

0.029

1.965

1.073~3.598

Tumor size

Continue

0.179

4.302

0.038

1.196

1.010~1.417

Clinical staging

I/II/III/IV (0/1/2/3)

E-cadherin
Disease-free survival (n=96)

Clinical staging

I/II/III/IV (0/1/2/3)

0.272

3.233

0.042

1.313

0.976~1.767

Location (mid-thoracic)

No/Yes(0/l)

0.615

4.111

0.043

1.849

1.021~3.349

Venous invasion

No/Yes(0/l)

0.982

9.797

0.002
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expressing ones and grade I, no significance existed between
grade I and grade II or III with respect to different status of Ecadherin expression. In the patients with grade I, Statistically
significant relationships existed between level of E-cadherin
and overall survival (P=0.0125). The survival curves were
shown in Figure 5.
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Figure 5 Kaplan-Meier survival curves for patients with ESCC
stratified for histologic grade according to E-cadherin expression

Multivariate analysis of survival
Multivariate survival analysis was performed by means of the
Cox proportional hazards model by entering the following
covariates: age, gender, location of tumor, tumor size, invasion
depth, venous invasiveness, histologic grade, clinical stage,
lymph node status, E-cadherin and β-catenin expression.
Covariates were selected in a stepwise fashion by using method
of Backward: Wald. The significant prognostic factors
influencing survival were location of tumor, venous
invasiveness, clinical stage, lymph node status, E-cadherin
expression. The results were shown in Table 3.
DISCUSSION
Previous studies reported that the reduction rate of E-cadherin
expression was observed to be 18.2-87 % in specimens from
the patients with ESCC[28-34], While 66 % of ESCC examined
showed reduced expression of E-cadherin in our investigation.
This is not in accordance with references reported. It is our

logical thoughts that selection of the patients entering into the
study, immunohistochemical method, antibody origination,
tumor heterogeneity and differences in staining evaluation may
be individually or in combination held responsible. As a marker
associated with squamous cell differentiation[35], the level of
E-cadherin expression had inverse correlation with histologic
grade. It suggested that normal function of E-cadherin molecule
mediated cell-cell adherens junction to induce cell aggregates,
which was consistent with histologic morphogenesis of tumor
nest in well-differentiated tumors showed zonal differentiation.
That phenomenon consists of a mechanical stretching and
compression between adjacent cell and requires active
contraction of the actin tethered to the cadherin intercellular
contacts[36]. But normal expression of E-cadherin was found
in poorly-differentiated tumors.,accounting for 15.0 % in our
study. Several studies were available about this phenomenon,
Nakanishi et al reported 14.58 % of the patients with poorlydifferentiated ESCC also appeared normal expression of Ecadherin, of catenins (α, β and γ), so did 3.22 % of the patients
with moderated or poorly-differentiated tumors from reports
of Tamura et al[29]. Then this showed simply reduced expression
of E-cadherin was not independent factor impact on adherens
junction. On the other hand normal function of adherens
junction relate to cytoplasm protein expression and its normal
function. Expression of E-cadherin was closely associated with
size of tumor, lymph node metastases and venous invasion in
our study. These were not identical to the results of Nakanishi
et al, Tamura et al. However, diminished expression of Ecadherin facilitate tumor dedifferentiation, invasion and
metastases, indeed, the tumor cells of solid tumor with high
metastatic potentials are often focally dissociated at the invading
fronts[28,29,31]. Of particular interest is the finding in some studies
in recent years that expression of E-cadherin might be used to
predict micrometastasis in lymph node of the patients without
signs of lymph node or distant metastases classified as N0 and
M0 by routine histopathological methods[22,37]. Based on these
findings, in the present study, The relationship between reduced
expression of E-cadherin and haematogenous metastasis in
postoperative patients had also come under investigation.
Hematogenous metastasis frequently occurred in the patients
with reduced expression of E-cadherin, but muitivariate
analysis revealed the finding need further evaluation (data not
shown). It seemed to accept that more intercellular adhesion
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molecules such as integrins, selectins and immunoglobulin
were involved in the process.
It appears to possess both irreversible and reversible
mechanisms for inactivating the cell-cell adhesion system.
Several studies revealed heterogeneous methylation patterns
exhibit a remarkably unstable, allele-to-allele variability that,
like the dynamic expression of E-cadherin during metastatic
progression, can be modulated or selected for in relation to the
tumor microenvironment[38]. There have been several reports
on E-cadherin gene mutations in human cancer[16,18], however,
mutations are rare in esophageal carcinoma, E-cadherin
promoter hypermethylation is associated with decreased
expression[39,40], moreover, recent studies showed that, despite
the frequent LOH of the E-cadherin locus, mutations in the Ecadherin gene are rare events and can not be held responsible
for down regulation of E-cadherin observed in the majority of
adenocarcinomas of the esophagus [41] . Further studies
demonstrated abnormal phosphorylation of cytoplasm protein
regulated by tyrosine kinases and tyrosine phosphatases
affected expression of E-cadherin and its function[42].
Significant difference in survival existed in patients with
different level of E-cadherin protein and a trend towards better
survival was found in patients having normal E-cadherin
expression. But discrepancy resulted from studies on the kinds
of tumors. Inada et al reported 5-year survival rate of the
patients with ESCC ranged from 87.8 % in normal E-cadherin
expression to 19.1 % in absent expression of E-cadherin[30],
but some coworkers did not acquire the same results[32,33].
Nakanishi et al demonstrated no significant correlations
between survival and reduced E-cadherin expression, however,
in univariate analysis survival of the patients with reduced αcatenin expression was significantly shorter than that of those
with normal expression, and the loss of α-catenin expression
from cancer tissues might be attributable to loss of E-cadherin
function, which reflected more serious dysfunction of the
cadherin-mediated cell-cell adhesion system. In our study there
obviously existed inverse correlation between the patients with
reduced level of E-cadherin expression and survival, especially
in tumors with stage I, II, and in group with absent expression
of E-cadherin shorter survival period was observed.
Multivariate analysis revealed E-cadherin expression was an
independent factor impacted on prognosis of the patients with
ESCC. These findings were consistent with the reports of
Tamura et al, and recently a multicenter investigation supported
this viewpoint[34]. In view of the association between E-cadherin
and histologic grade, furthermore, we analyzed and tried to
elucidate whether these factors played different roles in
combination or individually. Although several studies approved
the discrepancy of survival could be partly explained by the
histologic grade, owing to other clinicopathologic features and
grading categories not to be precisely defined, the results of
studies remain controversial. In our present investigation, no
significance existed between grade I and grade II or III with
respect to different E-cadherin status. But in group with grade
I, survival of the patients with normal E-cadherin expression
was statistically significantly higher than that of those with
diminished one, suggesting an apparent difference in the effect
of downregulation of E-cadherin between different histologic
grade. Therefore, E-cadherin expression as an independent
prognostic factor had more significance to predict prognosis
for the patients at early stage and with similar histologic grade,
might provide some suggestions for clinical treatments.
β-catenin played an important role in the interactions
between cadherins and other transmembrane receptor proteins
and regulated cellular differentiation and proliferation. Reduced
and absent expression of β-catenin were also frequently in
tumors might disrupt stability and integrity of the E-cadherincatenin complex and disturb cellular adherens junction,
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resulting in cell proliferation, migration, and invasion.
Reduction of β-catenin expression was 73 % in ESCC from
Nakanishi et al and 40.9 % from Ninomiya et al[43]. Similarly,
69.8 % of patients with β-catenin expression were judged to
be reduced in our study, whereas reduced expression of βcatenin significantly correlated only with the histologic grade.
Also, an association between abnormal expression of Ecadherin and β-catenin was found, suggesting that loss of Ecadherin binding may cause a redistribution of β-catenin from
the cell membrane to the cytoplasm.
It remains unclear that β-catenin expression is associated
with lymph node status, invasion depth, tumor stage,
hematogenous metastasis and histologic grade. Many believe
as a member of oncogenes and signaling molecules, β-catenin
plays an important role in tumor progression and
carcinogenesis, and there exists relation with cytoplasmic
protein such as α-, γ-catenin, p120ctn, APC[23,24], Dsh, Tcf, Axin,
β-Trcp, G12[44], PP2A[45], IQGAP1[23] and Smad4[46]. Since so
intricate signaling network and multifunctional molecules are
involved in regulating cellular function, it is difficult to explain
abnormal expression of β-catenin and its functional
abnormalities, thus negating correlation with clinicopathologic
parameters[47]. But undoubtedly β-catenin as a member of
adhesion molecule should be imprudently considered in
prognostic value of ESCC. To some extent absent expression
of β-catenin reflects dysfunction of E-cadherin mediated
cellular adherens junction, which may cause weak cell-cell
adhesion and confer invasive properties on a tumor[26,27,48].
To our knowledge, reduced β-catenin expression indicated
poor prognosis in some kinds of tumor in addition to esophageal
squamous cell carcinoma[49,50]. We found that patients with lowexpression tumors for β-catenin and non-expression tumors
for E-cadherin/β-catenin had shorter survival period than those
with normally expressing ones. But in group with normal Ecadherin expression, no significant relation was found between
β-catenin and prognosis. It was apparent that the prognostic
value of β-catenin is lower than that of E-cadherin, this may
be explained by their roles in the E-cadherin-catenin complex,
E-cadhein influences redistribution and function of β-catenin,
and γ-catenin might substitute for β-catenin as a component
of the complex [51], in other tumors several studies showed
aberrant expression of β-caienin or γ-catenin does not
necessarily lead to a nonfunctional complex[52].
In conclusion, as a probable independent prognostic factor,
it correlates with overall and disease free survival period,
expression of E-cadherin but not β-catenin may predict
prognosis in patients with ESCC, Further studies are needed
to elucidate function of β-catenin by combinating other
cytoplasmic proteins.
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Abstract
AIM: Cancer gene therapy has received more and more
attentions in the recent decade. Various systems of gene
therapy for cancer have been developed. One of the most
promising choices is the suicide gene. The product of
thymidine kinase (TK) gene can convert ganciclovir (GCV)
to phosphorylated GCV, which inhibits the synthesis of cell
DNA, and then induces the cells to death. Cytokines play an
important role in anti-tumor immunity. This experiment was
designed to combine the TK gene and mIL-2/mGM-CSF
genes to treat gastric cancer, and was expected to produce
a marked anti-tumor effect.
METHODS: TK gene was constructed into the retroviral
vector pLxSN, and the mIL-2 and mGM-CSF genes were
inserted into the eukaryotic expressing vector pIRES. The
gastric cancer cells were transfected by retroviral serum that
was harvested from the package cells. In vitro study, the
transfected gastric cancer cells were maintained in the GCVcontained medium, to assay the cell killing effect and
bystander effect. In vivo experiment, retroviral serum and
cytokines plasmid were transfected into tumor-bearing mice,
to observe the changes of tumor volumes and survival of
the mice.
RESULTS: In vitro experiment, 20 % TK gene transduced
cells could cause 70-80 % of total cells to death. In vivo
results showed that there was no treatment effect in control
group and TK/GCV could inhibit the tumor growth. The
strongest anti-tumor effect was shown in TK+mIL-2+mGMCSF group. The pathologic examination showed necrosis of
the cancer in the treated groups.
CONCLUSION: TK/GCV can kill tumor cells and inhibit the
tumor growth in vivo. IL-2 and GM-CSF strongly enhance
the anti-tumor effect. Through the retrovirus and liposome
methods, the suicide gene and cytokine genes are all
expressed in the tissues.
Guo SY, Gu QL, Zhu ZG, Hong HQ, Lin YZ. TK gene combined
with mIL-2 and mGM-CSF genes in treatment of gastric cancer.
World J Gastroenterol 2003; 9(2): 233-237
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INTRODUCTION
Gastric cancer is a common malignancy in China. However,
all the efforts of conventional treatments including extended
resection, radiation and chemotherapy have a little influence
on the improvement of its survival. In searching for a new
way to the treatment of such a malignant disease, the gene
therapy was introduced and displayed its promising. One of
the landmark discoveries is the application of suicide gene to
cancer cells. It converted a nontoxic prodrug into a cell-killing
compound. The herpes simplex virus type I thymidine kinase
(HSV-tk) and the Escherichia coli cytosine deaminase (CD)
was popularly used as transfected suicide gene.
The expressed products of these genes are enzymes, which
can convert the nontoxic anti-ancer drugs into toxic ones, and
disrupt the synthesis of target DNA. The product of TK gene
can phosphalate the ganciclovir (GCV), and it was further
phosphalated by endogenous kinase that leads to the formation
of cytotoxic ganciclovir triphosphate. Interestingly, neighbor
tumor cells that do not express the suicide gene were also killed
in the presence of prodrug. This phenomenon is called the
“bystander effect”[1-10].
Cytokines play important roles in the anti-tumor immune
responses. IL-2 can activate the NK, LAK cells and CD8+ T
lymphocytes. The activated CD8+ T lymphocytes can kill tumor
cells directly. GM-CSF can promote the antigen presentation
to macrophage and dendritic cells in the anti-tumor immune
reaction[11-14].
The aim of this study was to boost the anti-tumor effect to
achieve long- term survival and tumor eradication in model
by the combination of TK/GCV with IL-2 and GM-CSF.
MATERIALS AND METHODS
Materials
The retroviral vector pLxSN was purchased from the Genetech,
the HSV-TK gene was provided by Dr. Bingya Liu. LacZ gene
was purchased from Promega. MFC cell line was derived from
the 615 murine carcinoma of proximal stomach, and obtained
from the Drug Research Institute of Chinese Science Academy.
PA317 cell and NIH3T3 cells were cultured in this laboratory.
Ganciclovir was purchased from Shanghai Roche Company,
DMEM from Gibco, and G 418 from Promega.
Methods
Vectors and cell lines The retroviral vector is pLxSN. TK
gene was inserted into the multiple cloning site between EcoR
I and BamH I, which was under the control of long terminal
repeat (LTR), and the neomycin resistance gene was driven
by an SV40 promoter. The report gene LacZ was inserted as
same as TK gene. The murine IL-2 (Mil-2) and murine GMCSF (mGM-CSF) were cloned from murine spleen tissue, and
was confermed by DNA sequencing. They were inserted into
multiple cloning site of the pIRES vector through the EcoR I
and BamH I, and driven by the cytomegalovirus (CMV)
promoter.
MFC cells were maintained in DMEM (Dubecco’s modified
essential medium), supplemented with 10 % FBS (Hangzhou
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Sijiqing Biotech Company), 2 mM L-glutamine, 100 units /ml
penicillin and 100 ug/ml streptomycin. PA317 cell was used
as the packaging cell, and NIH 3T3 cell was used to assay the
virus titre.
Packaging cells transfection, clone selection and supernatant
preparation The retrovirus plasmids containing TK and LacZ
gene were transfected into the PA317 packaging cell line by
lipofectamine (Gibco). Clones were isolated by G418 selection.
After 48hs of lipofection, the media was replaced by the media
contain G418 (600 ug/ml). The media was changed every 3
days. Most cells died after 2 weeks and the transfected cells
survived. Culture and generate the selected anti-G418 cells.
Collect virus suspension of four generations. To infect the NIH
3T3 cell with the virus suspension in different titres. Calculate
the virus titres.
Infection of MFC gastric carcinoma cell line Infection was
performed in suspension by a 30 minutes incubation of MFC
cells with virus dilutions in 1 ml of PBS, supplemented with
4 ug/ml polybrene. To change the medium with DMEM which
contained G418 48hs later, and repeated it every 3 days. Cells
started to die after one week. The infected cells survived
ultimately and formed cell clones.

3’. The forward primer of mβ-actin was 5’TAGCGGGGTCACCCACAC-3’, and the reverse primer of
mβ-actin was 5’-CTAGAAGCACTTGCGGTGCACG-3’.
The reaction condition of TK gene was denaturation in
95 for 1 minute, annealing in 60 for 1 minute, and extension
in 72 for 3 minutes, for 39 cycles. The PCR conditions for βactin were denaturation in 95 for 1 minute, annealing in 55
for 1minute, and extension at 72 for 1 minute, for 39 cycles.
The products of RT-PCR were analyzed by 1 % agarose gel
electrophoresis and visualized by ethidium bromide staining.
To assess the expression of mIL-2 and mGM-CSF, the
mRNA was extracted from the tumor surrounding tissues of mice
and examined by RT-PCR. The forward primer of mIL-2 was 5’TCGAATTCTGTACAGCATGCAGCTC-3’, the reverse primer
was 5’-TGGATCCGGTACATAGTTATTGAGGGC-3’.
The forward primer of mGM-CSF was 5’-CGGAATTCATGTGGCTGCAGAAT-3’, and the reverse primer was 5’CGGAATTCTTCAGAGCTGGCCTG-3’. The reaction
condition was denaturation in 95 for 1 minute, annealing in
55
for 55 seconds, and extension in 72 for 1 minute, for
30 cycles. The products were analyzed by 1 % agarose gel
electrophoresis and visulized by ethidium bromide staining.

In vitro experiment

Histological analysis and immumohistochemical studies
Samples of tumor and surrounding tissues were fixed with
formalin for 24 h, wax embedded. Sections were obtained with
a microtome, and stained with haematoxylin-eosin for
histological analysis. The frozen samples were fixed with cold
acetone for 10 minutes and immunostain with specific
antibodies using peroxidase method to detect the expression
of CD3+, CD4+and CD8+ in infiltrating cells. The sections were
incubated for 15 minutes in phosphate buffered saline (PBS),
1 % bovine serum albumin (BSA), and then overnight at 4
with monoclonal antibodies diluted in PBS/1 % BSA.

1. In vitro sensitivity to GCV: Transfected MFC cells were planted in
the 96 wells plate in 1×104/well. The medium containing various concentration of GCV. Cells were cultured for 7 days, and the survival
rate of cells was counted by MTT method. The result was calculated
by the following formula,
Survival rate=

Value of experimental group - value of control group
×100%
The max value – value of control group

2. In vitro evaluation of the bystander effect: The transfected MFC
cells were mixed with untransfected MFC cells at varying ratios, and
planted in 96 wells plate at a density of 1×104/well. Cells were then
cultured at 37
for 7 days in the present of 50 µg/ml GCV. The survival rate of cells was measured by MTT method.

In vivo experiments
The mouse MFC gastric cancer models were established by
injecting of 5×105cells (in 100 µl saline) into the flanks of 60
6-week-old female 615 mice (the Animal Laboratory of the
Institute of Drugs, Chinese Academy of Science). Five days
late, when tumors became palpable, the mice were randomized
in a blinded manner into 5 groups: the control group, TK, TK/
GCV, TK/GCV+mIL-2, TK/GCV+mGM-CSF, and TK/
GCV+mIL-2+mGM-CSF.
The test supernatant containing retrovirus was injected into
tumors, 100 µl/time, twice a week, for 2weeks. The control
group was injected with saline. The cytokine plasmids were
transduced with liposome. The quantity of DNA was 50 µg/
time/day and the volume ratio of DNA versus liposome was
5:1. The DNA/liposome mixture was injected for 4 consecutive
days. Three days after the virus infection, the animals were
treated with i.p. injection of GCV (500 ng/kg/d) or saline
(control group). The treatment was maintained for 3 weeks.
Measure the longest radius (A) and the shortest radius (B) of
tumors at every 5 days. The tumor volumes were calculated in
mm3 using the formula 1/2AB2.
In vivo expression of the transfected genes
RNA from tissues of mice receiving TK and cytokine genes
were extracted and examined by RT-PCR and agarose gel
electrophoresis.
All the primers were designed by ourselve. The forward
primer of TK gene was 5’-GTGAATTCACAATGGCTTCGTACCCCTGCCAT-3’, and the reverse primer of TK gene
was 5’-AGTGGATCCTCAGTTAGCCTCCCCCATCTCC-

Statistical analyses
The tumor volumes were performed using the variance
analysis. P<0.05 was considered to be statistically significant.
RESULTS
Plasmid transduction and virus supernatant collection
The TK gene retrovirus vector plasmid was transduced into
packaging cells with lipofectamine and maintained for 5-7 days
in culture medium containing G418 600 mg/ml, and many cells
started to death. After cultured for 2-3 weeks, some adhesive
cells formed cell clones contrasted with the dead cells.
The supernatants of every clone were collected and filtered
after the cell clones were selected and expanded, the number
of retroviral particles produced by the different cell clones was
measured by NIH 3T3 cells. The maximum titer was 2×105
cfu/ml.
In vitro cytotoxicity and bystander-effect
After infected by the virus supernatant, many MFC cells began
to die. Some adhesive cells immerged 3 weeks later, and formed
cell clones.
MFC cells expressing TK gene were assayed for sensitivity
to GCV. From the second day of culture with the medium
containing GCV, the TK gene transfected cells began to die,
and almost all the cells died at the seventh day. The
untransfected cells in control group had no marked death.
The TK gene transfected MFC cells expressing marked
bystander effect. A few transfected cells can cause many cocultured cells to death combined with GCV (50 u/ml), Twenty
percent of the TK gene transfected cells could kill 70-80 % of
total cells (Figure 1).
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In vivo expression of transfected genes
By RT-PCR analyses, TK gene and cytokine genes all can be
expressed in vivo by virus transfection or liposome transduction.

Survival rate of total cells
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Percentage of TK gene transfected MFC cells

Figure 1 The bystander effect of TK transfected MFC cells.

In vivo experiment
In vivo analyses of TK/GCV and cytokines were performed in
615 mice implanted with the mouse carcinoma MFC cell line
in proximal stomach. The retrovirus supernatant was injected
into the tumors, and the cytokine genes were injected into the
tumor surrounding tissues as indicated in the “materials and
methods”. There has no significant inhibition of tumor growth
in control group although treated with peritoneum injection of
GCV. The group of TK gene without use of GCV also had no
inhibition effect on tumor growth. In the TK/GCV group, tumor
growth was significantly suppressed (P<0.01). In the animal
groups treated with both TK/GCV and mIL-2 or mGM-CSF,
there was a further significant reduction of the residual tumor
size as compared to the group treated with TK/GCV (P<0.05).
There was further more dicrease of tumor size in the group of
TK/GCV combined with both cytokines. The tumors
diminished in 7 mice of this group (Figure 2).
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Figure 2 Compare of tumor volumes in every group.

Histologocal and immumohistochemical analyses
There were great many tumor cells with mitoses in the sections
of control group. The TK/GCV group showed lots of necrotic
cells, and some of them accompanied by blee-ding. But active
tumor cells could also be seen in this group. There was massive
infiltration of inflammation cells surrounding the necrotic area
of the tumor treated with TK + cytokine, but not in those area
of animals treated with TK alone. Tumor cells diminished in
most animals treated with TK/GCV+ mIL-2 + mGM-CSF.
There were a few residue tumor tissues in part of these animals,
but few mitoses phase can be seen, with great many of
inflammatory cells.
Immunohistochemical analyses revealed that the infiltrates
were mainly CD8+ lymphocytes in the tumor boundary area of
animals treated with TK+mIL-2 or TK+ mIL-2 + mGM-CSF.
The number of CD4+ lymphocytes was approximately equal in
the TK + mGM-CSF and TK+mIL-2 + mGM-CSF groups.

DISCUSSION
Transfer suicide genes into tumors has emerged as an attractive
gene therapy for the selective elimination of cancer cells. The
suicide genes encode non- mammalian enzymes that can
convert nontoxic prodrugs into cellular toxic metabolites. The
most widely used suicide gene is HSV-tk, which confers
prodrug GCV into phosphorated GCV. The GCV monophosphate
is further phosphorated by cellular kinase, forming GCV
triphosphate, which inhibits cellular DNA synthesis and lead
to cell death. The “bystander effect” caused by TK gene can
strongly enhance its killing capacity[15-20]. Many researchers
believe that necrosis of tumor cells is the mechanism of tumor
killing effect caused by the metabolites of prodrugs, but the
activated CTL can kill tumor cells as well. There also have
many people think that apoptosis take an important role in the
procession [21-24]. In our studies, necrosis was shown in the
prodrug used tumor tissues, some of them with bleeding. This
might be the vascular endothelials transfected by suicide genes.
In vitro experiment showed that 20 % gene tansfected cells
rendered 80 % of total cells to death. The mechanism of
bystander effect has unclear. It has been hypothesized that the
following factors may be concerned with the mechanism. (1)
Gap junction: the toxic product of suicide gene was transferred
from transfected cells into the surrounding untransfected
ones [25-27]. Studies demonstrated that the bystander effect of
TK gene was via the gap junction. The converted phosphorated
GCV can get into the contact cells by gap junction, which needs
the direct cell contact[28-33]. (2) Apoptosis: the apoptotic acetes
that released by the transfected cells engulfed by the
surrounding cells[34-37]. (3) Immune mechanism: tumor cells
killed by TK/GCV can release tumor antigens. The tumor cell
derived antigens were taken up by APCs (antigen presenting
cells), and then presented to the CD4+ T lymphocytes. It in
turn activated tumor-specific CD8+ cytolytic T cells. The
immunohistochemistry shows tremendous aggregation of CD4+
and CD8+ lymphocytes surrounding the tumor tissue[38-42].
Chen et al reported that cytokine gene IL-2 acted
synergistically with the suicide gene to induce a systemic
antitumor immunity. The immunity resulted in regression of
local tumor and protection against distant site challenge of
parental tumor cells. The antitumor immunity was attributed to
IL-2 mediated activation and proliferation of CD8+ CTLs[43].
TK/GCV gene therapy led to death of the tumor cells. The
tumor antigens were then available to the immune system, and
might activate an anti-tumor immune response. The local
expression of mGM-CSF enhanced the inflammatory response
and antigen presentation. Expressed mIL-2 activated and
enhanced the proliferation of T lymphocytes. Combination of
mIL-2 with mGM-CSF can synergistically stimulate the antitumor immune response[44-48].
The experimental results confirmed that TK/GCV gene
therapy could kill tumor cells markedly. If combined with mIL2 and mGM-CSF genes, they could boost the anti- tumor
reaction, and produce powerful anti-tumor effects.
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Abstract
AIM: To investigate the expression of 1A6 gene in the lesions
during the development of intestinal gastric carcinoma.
METHODS: One hundred and thirty-six cases of intestinal
metaplasia (IM) from surgical resections and biopsy were
classified by mucous staining. Expression of 1A6 in all cases
was detected using immunohistochemical S-P method.
RESULTS: The positive rates of 1A6 in normal and superficial
gastritis (SG), severe atrophic gastritis (SAG), type I, II, III
IM, dysplasia (Dys) and intestinal gastric carcinoma (IGC)
were 12.2 %, 16.7 %, 7.1 %, 22.6 %, 47.8 %, 46.9 % and
60.8 %, respectively. A significant difference among type
III IM and SG, SAG, type I and II IM was found (P<0.01),
the difference between type III and Dys, IGC being not
significant.
CONCLUSION: As a new tumor-related gene, expression of
1A6 may be an effective parameter to predict the malignant
transformation of precancerous lesion to gastric carcinoma.
Liu YQ, Zhao H, Ning T, Ke Y, Li JY. Expression of 1A6 gene and
its correlation with intestinal gastric carcinoma. World J
Gastroenterol 2003; 9(2): 238-241
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INTRODUCTION
Gastric cancer is a major health problem in the world [1-3].
Clinical statistics have shown that 50 % of gastric cancer in
China are intestinal type adenocarcinoma[4]. The phenotypic
events in intestinal gastric carcinoma have been well
recognized as normal gastric mucosa, chronic superficial
gastritis, severe atrophic gastritis, intestinal metaplasia,
dysplasia, intramucosal (“early”) carcinoma and invasive
carcinoma [5,6]. A considerable number of oncogenes and
antioncogenes involved in this process have been described,
such as c-met, p53, c-erBb-2, APC, PCNA, p16, akt etc[7-12].
Unfortunately, they are not gastric carcinoma-specific. No
significant progress has been made in the existing studies
concerning special genotypic abnormalities in the premalignant

lesions of gastric carcinoma. 1A6 is a novel tumor-related gene.
In this study, immunohistochemistry was used to detect the
expression of 1A6 protein in IGC, its premalignant lesions
and normal counterparts.

MATERIALS AND METHODS
Patients and specimens
Paraffin-embedded archival materials from surgical resections
and biopsy performed during 1998 to 2001 in our department
were retrieved. There were 92 cases of gastric carcinoma (62
men and 30 women; aged 29-81 years), among them 51 cases
were IGC, and 41 cases were diffuse gastric carcinoma (DGC).
The criterion for classifying gastric carcinoma was derived
largely from the observations of Lauren[13]. The 23 sarcoma
patients consisted of 15 men and 8 women, their ages ranged
from 20 to 81 years, the histopathologic types included
malignant fibrohistiocytoma, leiomyosarcoma, liposarcoma,
fibrosarcoma, malignant stromal tumor and malignant
peripheral nerve sheath tumor. According to the updated
Sydney system[14] and the Padova International Classification
for Gastric Dysplasia[15], 198 cases from biopsy (109 men and
89 women; age ranged from 27-82 years) were divided into
four groups : normal mucosal and chronic superficial gastritis
(41 cases), severe atrophic gastritis without IM (24 cases), IM
(136 cases) and dysplasia (32 cases).
Mucin histochemistry
We performed mucin histochemical studies on 136 cases of
IM to classify them using HID/AB/PAS staining described
previously[16-19]. The variants fell into three main groups: type
I (complete type) shows features of mature small intestinal
epithelia, type II (incomplete small intestinal type) had features
of both gastric and small intestinal epithelia, whereas type III
(incomplete colonic type) has characteristics of large intestines.
Neutral mucins appeared magenta in color (PAS positive),
sialomucins, blue color (AB positive) and sulphomucins brown
(HID positive), respectively. The criteria for classifying IM
are given in Table 1.
Table 1 Classification of IM

Type I
Type II
Type III

PAS

AB

HID

+
+

+
+
+

+

Immunohistochemical staining
To investigate the expression of 1A6 protein, we adopted the
standard S-P immunohistochemical method [20]. The 1A6
monoclonal antibody was provided by the Laboratary of
Genetics, Beijing Institute of Cancer Research, its dilution was
1:500. The SP kit was provided by Beijing Zhongshan
Biotechnology Company. All the slides were treated with PBS
and were microwaved for antigen retrieval. 1A6 protein was
located in nucleus. Only the samples with more than 10 %
cells stained could be considered positive.
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Statistical analysis
The difference of 1A6 protein expression among different
lesions was analyzed by χ2 square test. A P value of less than
0.05 was considered statistical significantly.
RESULTS
Expression of 1A6 protein in gastric carcinoma and sarcoma
The positive expression rate of 1A6 protein in all types of
gastric carcinoma was 48.9 % (45/92). In contrast, 1A6 protein
was negative in all cases of sarcoma (Figure 1). In comparison
of IGC and DGC, there was significant difference (P<0.01).
In IGC, the positive rate was 60.8 % (31/51), whereas the
positive rate in DGC was 34.1 % (14/41). Most positive cells
showed a nuclear and plasmatic staining (Figure 2).

Figure 3 Type I intestinal metaplasia. The mucins in cells were
stained blue. HID/AB/PAS stain, ×200.

Figure 1 The expression of 1A6 protein in sarcoma. The cells
were negative staining. Immunohistochemical stain, ×100.

Figure 4 Type II intestinal metaplasia. The mucins in cells were
stained blue and magenta. HID/AB/PAS stain, ×200.

Figure 2 The expression of 1A6 protein in intestinal type gastric carcinoma. The tumor cells showed a nuclear staining. Immunohistochemical stain, ×400.

Figure 5 Type III intestinal metaplasia. The mucins in cells
were stained blue and brown. HID/AB/PAS stain, ×200.

Expression of 1A6 protein in intestinal metaplasia
According to the mucin histochemistry, there were 14 cases of
type I IM, 53 cases of type II IM and 69 cases of type III IM. The
expression of 1A6 protein in all kinds of IM is shown in Table 2
(Figures 3,4,5). The positive rate of type III was significantly
higher than that of the other two types. A nuclear and plasmatic
staining was also found in most positive cases (Figure 6).
Table 2 Expression of 1A6 protein in IM

Type I
Type II
Type III
a

n

1A6(+) (%)

1A6(-) (%)

14
53
69

1 (7.1)
12 (22.6)
33 (47.8)

13(92.9)
41(77.4)
39(52.2)a

P<0.005 (χ2=7.965, 8.167), vs type I IM, type II IM, respectively.

Figure 6 The expression of 1A6 protein in type III intestinal
metaplasia. The metaplastic cells showed a nuclear and plasmatic staining. Immunohistochemical stain, ×200.
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Expression of 1A6 protein in normal mucosa and SG, SAG,
type III IM, Dys and IGC
As the stomach mucosa changed from benign lesion to malignant
tumor, the positive expression of 1A6 protein became higher
and higher (Table 3). The positive rate of type III, Dys and
IGC were higher than SG and SAG, the difference being
statistically significant (P<0.01). On the contrary, there were
no significant differences among type III IM, Dys and IGC.

February 15, 2003 Volume 9 Number 2

reflect the newly synthesized 1A6 protein. (2) Non-specific
binding of 1A6 Ab with other plasmatic proteins. (3) Nonspecific secondary Ab binding with the proteins in the plasma.
In conclusion, 1A6 is a new tumor-related gene, its
expression may play an important role in the early stage of
gastric carcinogenesis. The detection of 1A6 protein in the
premalignant lesions of intestinal gastric carcinoma may be a
very valuable index to predict the malignant transformation of
these lesions.

Table 3 Expression of 1A6 in different lesions of stomach

Normal mucosa and SG
SAG
Type III IM
Dys
IGC

n

1A6 + (%)

41
24
69
32
51

5(12.2)
4(16.7)
33(47.8)a
15(46.9)b
31(60.8)c

a
P<0.01 (χ2=7.494), vs normal mucosa and SG; bP<0.01 (χ2=10.067),
vs normal mucosa and SG; cP<0.01(χ2=16.298), vs normal mucosa and SG.

DISCUSSION
Recently, many investigations concerning intestinal metaplasia
of stomach have been made in different aspects such as
epidemiology, pathology and molecular biology[21-23]. Although
there were controversies about the phenotypic and genotypic
events of IM, it has been widely accepted that the incomplete
colonic type IM plays an important role in the histogenesis of
gastric carcinoma and it is considered as the premalignant lesion
of intestinal gastric carcinoma[21, 24-28].
Gene 1A6 is a novel tumor-associated gene cloned from
malignant cell line MC, which is an MNNG-treated human
fetal gastric epithelial cell line. 1A6 is located in chromosome
12q23.2-23.3. Its cDNA is about 3kb. There are HEAT motif
and nucleus-located sequence in 1A6 protein by molecular
sequence analysis. 1A6 protein nucleus localization was further
confirmed by immunofluorescence and immuno-electron
microscopy. It was found in nucleole and heterochromatin. It
suggested that 1A6 protein could interact with other proteins
and may play a role as a nuclear transcription factor.
Immunohistochemical studies in different tumors indicated that
1A6 was expressed not only in gastric carcinoma, but also in
esophageal and breast cancers[29-31].
As mentioned above, type III IM is thought to be the
premalignant lesion of gastric carcinoma[32-35]. In our study,
the positive expression rate of 1A6 protein was very high in
type III IM, which suggests that the overexpression of gene
1A6 maybe an early event in gastric malignant transformation.
It can be an important index for predicting the carcinogenesis
of stomach. How 1A6 protein functions in transformation of
the intestinal metaplasia tissue into malignant tumor and the
interaction between other oncogenes and antioncogenes need
further investigation and the work is undergoing.
In this study, it was found that although the positive
expression rate of 1A6 protein in DGC was much lower than
that of IGC, one third of them were positive too. These results
indicate that as gastric carcinoma, IGC and DGC may share
some common characteristics, although their biological
characteristics and etiological molecular mechanism are very
different. In 23 cases of sarcoma, the positive rate was 0 %, it
is no doubt that 1A6 protein is epithelial-tumor-specific.
In this study, many positive cells showed both nuclear and
plasmatic staining. There are three possibilities: (1) The
synthesis of nuclear proteins takes place in cell plasma, and
then transmit into the nucleus, the plasmatic positivity might

REFERENCES
1

2
3

4

5
6

7
8
9

10

11

12

13

14

15

16
17

18

19

20

Nie YZ, He FT, Li ZK, Wu KC, Cao YX, Chen BJ, Fan DM. Identification of tumor associated single-chain Fv by panning and
screening antibody phage library using tumor cells. World J
Gastroenterol 2002; 8: 619-623
Deng DJ. Progress of gastric cancer etiology: N-nitrosamides in
the 1990s. World J Gastroenterol 2000; 6: 613-618
Chen GY, Wang DR. The expression and clinical significance of
CD44v in human gastric cancers. World J Gastroenterol 2000; 6:
125-127
Si JM, Zhou W, Wu JG, Cao Q, Xiang Z, Jiang L, Lu W, Huang
H. Establishment of an animal model of chronic atrolohic gastritis and a study on the factors inducing atrophy. Chin Med J 2001;
114: 1323-1325
Correa P. A human model of gastric carcinogenesis. Cancer Res
1988; 48: 3554-3560
Correa P. Human gastric carcinogenesis: A multistep and multifactorial process-First american cancer society award lecture on
cancer epidemiology and prevention. Cancer Res 1992; 52: 6735-6740
Correa P, Shiao YH. Phenotypic and genotypic events in gastric
carcinogenesis. Cancer Res 1994; 54: 1941s-1943s
Tahara E. Molecular biology of gastric cancer. World J Surg 1995;
19: 484-488
Wu MS, Shun CT, Lee WC, Chen CJ, Wang HP, Lee WJ, Sheu JC,
Lin JT. Overexpression of p53 in different subtypes of intestimal
metaplasia and gastric cancer. Br J Cancer 1998; 78: 971-973
Xu AG, Li SG, Liu JH, Gan AH. Function of apoptosis and expression of the proteins Bcl-2, p53 and C-myc in the development of gastric cancer. World J Gastroenterol 2001; 7: 403-406
Ji F, Peng QB, Zhan JB, Li YM. Study of differential polymerase
chain reaction of C-erbB-2 oncogene amplification in gastric
cancer. World J Gastroenterol 1999; 5: 152-155
He XS, Su Q, Chen ZC, He XT, Long ZF, Ling H, Zhang LR.
Expression, deletion and mution of p16 gene in human gastric
cancer. World J Gastroenterol 2001; 7: 515-521
Lauren P. The two histologic main types of gastric carcinoma:
diffuse and so-called intestinal type carcinoma. An attempt at a
histoclinical classification. Acta Pathol Microbiol Scand 1965; 64:
31-49
Dixon MF, Genta RM, Yardley JH, Correa P. Classification and
grading of gastritis: the Updated Sydney System. Am J Surg Pathol
1996; 20: 1161-1181
Rugge M, Correa P, Dixon MF, Hattori T, Leandro G, Lewin K,
Diddell RH, Sipponen P, Watanabe H. Gastric dysplasia: the
Padova International Classification. Am J Surg Pathol 2000; 24:
167-176
Jass JR. Role of intestinal metaplasia in the histogenesis of gastric carcinoma. J Clin Pathol 1980; 33: 801-810
Xin Y, Li XL, Wang YP, Zhang SM, Zheng HC, Wu DY, Zhang
YC. Relationship between phenotypes of cell-function differentiation and pathobiological behavior of gastric carcinomas. World
J Gastroenterol 2001; 7: 53-59
Byrne JP, Bhatnagar S, Hamid B, Armstrong GR, Attwood SE.
Comparative study of intestinal metaplasia and mucin staining
at the cardia and esophagogastric junction in 225 symptomatic
patients presenting for diagnostic open-access gastroscopy. Am J
Gastroenterol 1999; 94: 98-103
Shaoul R, Marcon P, Okada Y, Cutz E, Forstner G. The pathogenesis of duodenal gastric metaplasia: the role of local goblet
cell transformation. Gut 2000; 46: 632-638
Taylor CR, Kledzik G. Immunohistologic techniques in surgical
pathology: A spectrum of “new” special stains. Hum Pathol 1981;

Liu YQ et al. 1A6 on gastric precancerous lesion

21
22
23
24
25

26
27

12: 590-596
Stemmermann GN. Intestinal metaplasia of the stomach: a status report. Cancer 1994; 74: 556-564
Yao YL, Xu B, Song YG, Zhang WD. Overexpression of cyclin E
in Mongolian gerbil with Helicobacter pylori-induced gastric
precancerosis. World J Gastroenterol 2002; 8: 60-63
Stemmermann GN, Nomura AM, Kolonel LN, Goodman MT,
Wilkens LR. Gastric carcinoma: pathology findings in a
multiethnic population. Cancer 2002; 95: 744-750
Sipponen P. Gastric cancer: pathogenesis, risks, and prevention.
J Gastroenterol 2002; 37 (Suppl): 39-44
Leung WK, Yu L, Chan FK, To KF, Chan MW, Ebert MP, Ng EK,
Chung SC, Malfertheiner P, Sung JJ. Expression of trefoil peptides (TFF1,TFF2, and TFF3) in gastric carcinoma, intestinal
metaplasia, and non-neoplastic gastric tissues. J Pathol 2002; 197:
582-588
Leung WK, Sung JJ. Intestinal metaplasia and gastric
carcinogenesis. Aliment Pharmacol Ther 2002; 16: 1209-1216
Takahashi H, Endo T, Yamashita K, Arimura Y, Yamamoto H,
Sasaki S, Itoh F, Hirata K, Imamura A, Kondo M, Sato T, Imai K.
Mucin phenotype and microsatellite instability in early multiple
gastric cancers. Int J Cancer 2002; 100: 419-424

241
28
29
30
31
32
33
34

35

Dixon MF. Prospects for intervention in gastric carcinogenesis:
reversibility of gastric atrophy and intestinal metaplasia. Gut
2001; 49: 2-4
Zhao H, Hagiwara K, Mcmenamin M, Ning T, Zheng SH, Harris
CC, Ke Y. Function study of a novel tumor-related gene 1A6.
Poster, AACR 91st annual meeting
Groves MR, Barford D. Topological characteristics of helical
proteins. Curr Opin Struct Biol 1999; 9: 383-389
Murzin AG, Patty L. Sequence and topology: from sequence to
structure to function. Curr Opin Struct Biol 1999; 9: 359-363
Palli D. Epidemiology of gastric cancer: an evaluation of available evidence. J Gastroenterol 2000; 35 (Suppl 12): 84-89
El-Zimaity HM, Ota H, Graham DY, Akamatsu T, Katsuyama T.
Patterns of gastric atrophy in intestinal type gastric carcinoma.
Cancer 2002; 94: 1428-1436
Silva E, Teixeira A, David L, Carneiro F, Reis CA, SobrinhoSimoes J, Serpa J, Veerman E, Bolscher J, Sobrinho-Simoes M.
Mucins as key molecules for the classification of intestinal metaplasia of the stomach. Virchows Arch 2002; 440: 311-317
van Rees BP, Saukkonen K, Ristimaki A, Polkowski W, Tytgat GN,
Drillenburg P, Offerhaus GJ. Cyclooxygenase-2 expression during
carcinogenesis in the human stomach. J Pathol 2002; 196: 171-179
Edited by Ma JY

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

World J Gastroenterol 2003;9(2):242-245
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• GASTRIC CANCER •

The study of chemiluminescence in gastric and colonic carcinoma
cell lines treated by anti-tumor drugs
Che Chen, Fu-Kun Liu, Xiao-Ping Qi, Jie-Shou Li
Che Chen, Fu-Kun Liu, Xiao-Ping Qi, Jie-Shou Li, Nanjing
University School of Medicine, Department of General Surgery,
Jinling Hospital, 305 Zhongshandong Road, Nanjing 210002, Jiangsu
Province, China
Supported by the Natural Scientific Foundation of Jiangsu Province,
No. BJ2000040
Correspondence to: Che Chen, Department of General Surgery,
Jinling Hospital, 305 Zhongshandong Road, Nanjing 210002, China.
drchenche@sohu.com
Telephone: +86-25-4826808-58005
Received: 2002-04-29 Accepted: 2002-09-05

Abstract
AIM: To study the influence of chemotherapy on proliferation
activation of tumor cell by observing the change of
chemiluminescence (CL) and cell cycle in various tumor cell
lines after mitomycin C treated.
METHODS: BGC823 and LoVo cell lines were all cultured in
RPMI-1640, and then were adjusted to a concentration of
1×10 5 cells/ml in fresh media and incubated for 24 h.
Mitomycin C (100 ng·ml-1) was added to each bottle. All
indeses were examined after 24 h. No Mitomycin C was
added in control group. Each group contained 8 samples.
Flow cytometric analysis and luminol-dependent CL were
used to investigate the effect of mitomycin C on two
gastrointestinal carcinoma cell lines.
RESULTS: BGC823 and LoVo cell lines incubated with MMC
for 24 h. We discovered that the emergence of peak of CL
stimulated by PHA was postponed significantly (BGC823:
12.63±3.21 vs 4.50±1.04, LoVo: 13.25±2.96 vs 5.12±1.36,
P<0.01) and the peak intension of CL was reduced significantly
(BGC823: 120.25±16.61 vs 248.38±29.17, LoVo: 98.13±10.49
vs 267.50±18.56, P<0.01). The PI of cell lines was decreased
significantly (BGC823: 51.87±4.82 vs 25.44±2.26, LoVo:
47.11±1.04 vs 24.23±0.37, P<0.01) and the apoptotic
fractions changed by contraries (BGC823: 26.25±5.29 vs
9.83±2.51, LoVo: 33.50±3.68 vs 9.63±1.44, P<0.01).
CONCLUSION: CL can be used to measure activation of
tumor cells. We discovered that the ground CL intensions of
two cell lines were not high but increased rapidly after
stimulation of PHA. The CL peak ranged from 4-5 minutes,
and then decreased gradually. The results were not reported
before. CL of tumor cell has close correlativity with the
dynamics of cell cycle and can reflect the feature of oxidation
metabolism and proliferation activation of tumor cell. So it
can be used to observe the influence of chemotherapy
drug on metabolism and proliferation activation of tumor
cell and screen out chemotherapy drugs to which tumor
cells are sensitive.
Chen C, Liu FK, Qi XP, Li JS. The study of chemiluminescence
in gastric and colonic carcinoma cell lines treated by anti-tumor
drugs. World J Gastroenterol 2003; 9(2): 242-245

http://www.wjgnet.com/1007-9327/9/242.htm

INTRODUCTION
Chemiluminescence (CL) is a natural phenomenon of
creatures[1]. As other cells, tumor cells also have the ability of
CL. So the vigor of tumor cells could be measured by CL. At
present, there were few reports about the CL of tumor cells[2].
We used gastric and colonic carcinoma cell lines to study the
CL of tumor cells and to investigate the dynamics of CL and
the influence of drugs on CL.
MATERIALS AND METHODS
Cell line
BGC823 is a kind of human gastric carcinoma cell line[3-5];
LoVo is a kind of human colonic carcinoma cell line[6,7]. We
bought them from Shanghai Cell Biology Institute of the
Chinese Academy of Sciences.
Cell culture and mitomycin C treatment
Two cell lines were all cultured in RPMI-1640 (GIBCO)
containing 100 g·L-1 newborn calf serum (Sijiqing, Hangzhou),
penicillin (100 U·ml-1), and streptomycin (100 µg·ml-1). Log phase
cells were adjusted to a concentration of 1×105 cells/ml in fresh
media and incubated for 24 h. Mitomycin C (100 ng·ml-1)[8] was
added to each bottle. All indeses were examined after 24 h.
No Mitomycin C was added in control group. Each group
contained 8 samples.
CL analysis
Media was removed and cells were washed in phenol red free
D-Hank’s solution three times and adjusted to a concentration
of 1×103 cells·ml-1 in the same solution. Aliquots (0.1 ml) of
this cell suspension were placed into a cuvette, to which 0.7 ml
of phenol red free D-Hank’s solution and 0.1 ml of luminol
(1 mmol·L-1) were added. All cuvettes were put into sample
chamber of SHG-1 bio-luminometer (Shangli measure
instrument factory). CL of tumor cell was measured using T-2
procedure, configuring measure times were 30 and interval
was 60 seconds. At first background of CL was measured,
then 0.1 ml of phaseolus vulgaris agglutinin (PHA, 4 mg·L-1)
was added and shaken up rapidly. CL PHA stimulated was
measured continuously for about 30 minutes. All assays were
made at 37 . After measurements completed, CL kinetics
curve, peak value, peak time, slope function and integral were
calculated using the computer. Unit of intension of CL was
scintillation counting per minute[9] (Figure 1).
Flow cytometric analysis
Cells were harvested and washed in D-Hank’s solution three
times and adjusted to a concentration of 1×106 cells·ml-1 in the
same solution. The nuclei were stained with propidium iodide
at a concentration of 50 µg·ml-1 and then filtered through 40 µm
nylon mesh before flow cytometric analysis[10]. The nuclear
DNA content was analyzed with a flow cytometer (Epics XL;
Coulter Co. U.S.A); 1×106 cells were examined in each sample.
The cell cycle distribution, i.e., G0/G1, S, G2/M were analyzed
using a computer program (Multicycle). The mean coefficient
of variation (CV) for the G0/G1 peak was less than 8.0 in all
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Statistical analysis
Statistical analysis, i.e., one-way ANOVA, unpaired t-test,
correlate analysis, was performed using SPSS 8.0. Data were
presented as means ± standard deviation (S.D.). The level of
significance was P<0.05.
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Figure 2 Correlations between CL and PI in BGC823.
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RESULTS
CL analysis
Figure 1 and Table 1 show the time-course of CL change in
control and treatment groups of BGC823. In control group a
CL signal was noted almost immediately that peaked within
3-5 minutes and returned to baseline after about 10-15 min. In
contrast treatment group cells responded slowly and the peak
CL did not occur until after 11-18 min. The CL peak value in
treatment group decreased significantly (P<0.01) when
compared with control group. The same changes were detected
in all two cell lines.

Correlations between CL and cell cycle distribution
There was positive correlation between CL and PI (BGC823:
r=0.92, P<0.01; LoVo: r=0.90, P<0.01), and there was negative
correlation between CL and apoptotic fraction (BGC823:
r=-0.91, P<0.01; LoVo: r=-0.95, P<0.01) (Figures 2-5).

CL (cpm)

cases[11]. We assessed the proliferation index (PI) to evaluate the
changes of cell cycle distribution caused by treatment of MMC.
S+G2M
PI=
×100 % We used the fraction of subdiploid
S+G2M+G0G1
peak in front of DNA histograms as apoptotic fraction[12].
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Figure 3 Correlations between CL and apoptotic fraction in
BGC823.
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Table 1 Effects of MMC treatment on CL of two cell lines
BGC823 (n=8)
Control

Treatment

Peak value (cpm)

248.38±29.17

Peak time (minute)

4.50±1.04

Control

Treatment

5.12±1.36

Table 2 Effects of MMC treatment on cell cycle distribution of
two cell lines
BGC823
Treatment

PI (%)

51.87±4.82 25.44±2.26a

Apoptosis (%)

9.83±2.51

P<0.01, vs control.
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Figure 4 Correlations between CL and PI in LoVo.

Flow cytometric analysis
The PI in treatment group decreased significantly and the apoptotic
fraction increased significantly when compared with control group
(P<0.01). There was no significant difference in the change of
cell cycle contribution between two cell lines (Table 2).
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P<0.01, vs control.

Control

150
50

120.25±16.61a 267.50±18.56 98.13±10.49a
12.63±3.21a

250
200
100

26.25±5.29

LoVo
Control

Treatment

47.11±1.04

24.23±0.37a
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Figure 1 Time-course of CL change in control and treatment
groups of BGC823.
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Figure 5 Correlations between CL and Apoptotic fraction in
LoVo.
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DISCUSSION
Oxygen radicals (OR) are intermediary products in the
biochemical metabolization of cells, including O2· H2O2, OH·,
1
[13]
O2, OCl and lipid peroxidation oxygen radical . They are
produced mainly by aerobic respiration in mitochondrion and
glycolysis[14,15]. OR reacts to excitable substance in cells and
produces CL[16]. So we can observe activation of cells by the
measurement of CL[17,18].
In the present study, luminol-dependent chemiluminescence
was used as a measure of CL of human gastric carcinoma cell
line BGC823 and human colonic carcinoma cell line LoVo.
We discovered that the ground CL intensions of two cell lines
were not high but increased rapidly after stimulation of PHA.
The CL peak ranged from 4-5 minutes, then decreased
gradually. The results were not reported before.
Mitomycin C is a cycle-nonspecific anti-tumor agent. The
mechanism of anti-cancer effect is its alkylation which makes
DNA incorporation and DNA replication inhibition and single
strand rupture. MMC affects mainly G1 and early S phases.
However the influence of MMC on cell cycle in vitro may be
different in different cells [19-22]. MMC also up-regulated
EpCAM and LewisY antigen expression in LoVo cell line[23].
Cell cultures were growth arrested by exposure for 5 minutes
to MMC[24], and MMC retains its antiproliferative effect for at
least 6 weeks[25].
The CL of BGC823 and LoVo cell lines were decreased
significantly after incubated with MMC for 24 hours. We also
discovered that the peak of CL was postponed significantly
and the peak intension of CL was reduced significantly after
the stimulation of PHA. At the same time, the proliferation
index (PI) was decreased significantly and apoptotic fractions
changed by contraries [26]. There was positive correlation
between CL and PI, and there was negative correlation between
CL and apoptotic fraction. These results revealed that the
proliferation activation of tumor cell reduced, the apoptosis of
cells increased and the reaction to stimulation of PHA
weakened when the concentration of oxygen radicals in tumor
cell decreased[27-29]. So the decrease of concentration of oxygen
radicals in low range depressed the mitochysis of tumor cell[30]
and prompted the apoptosis of tumor cell. These results also
suggest the CL of cell can reflect change of proliferation
activation of tumor cell treated by chemotherapy drugs.
In conclusion, the CL of tumor cell can reflect the feature of
oxidation metabolism and proliferation activation of tumor cell,
can be used to observe the influence of chemotherapy drug on
metabolism and proliferation activation of tumor cell and screen
out chemotherapy drugs to which tumor cells are sensitive.
Compared with other methods cell chemiluminescence is more
sensitive, more accurate, more rapid, less pollution and need
fewer samples.
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Abstract
AIM: To observe the expression of cyclooxygenase-2 (COX2) and to investigate the association between COX-2
expression and infection with cytotoxic-associated gene A
(cagA) positive strain Helicobacter pylori (Hp) in human
gastric cancer, and subsequently to provide fresh ideas for
the early prevention of gastric cancer.
METHODS: 32 Specimens of gastric cancer and
corresponding adjacent normal gastric mucosa were obtained
from patients who had undergone surgical operations of
gastric cancer. All the samples including 1 case of stomach
malignant lymphoma and 31 cases of gastric adenocarcinoma
were confirmed by pathology diagnosis. The expression of
COX-2 in 32 specimens of gastric cancer and corresponding
adjacent normal gastric mucosa was quantitatively
determined and analyzed with Flow Cytometry, and the levels
of COX-2 protein were compared between specimens with
cagA+ Hp infection and those without cagA+ Hp infection.
The cagA gene in 32 specimens of gastric cancer was
detected by polymerase chain reaction (PCR) method.
RESULTS: Twenty-seven of 32 (84 %) specimens of gastric
cancer showed over-expression of COX-2, compared with
the adjacent normal gastric mucosa. cagA + gene were
detected from 19 specimens of gastric cancer, but not from
the other 13 specimens. The levels of COX-2 protein in 19
specimens of gastric cancer with cagA+ Hp infection (the
number of positive cells was 73.82±18.2) were significantly
higher than those in the 13 specimens without cagA+ Hp
infection (the number of positive cells was 35.92±22.1).
CONCLUSION: COX-2 is overexpressed in gastric cancer
and cagA+ Hp infection could up-regulate the expression of
COX-2 in gastric cancer in human. There may also exist
another way or channel to regulate the expression of COX2 in gastric cancer in addition to cagA + Hp infection.
Therefore, applying COX-2 selective inhibitors could be an
effective and promising way to prevent gastric cancer.
Guo XL, Wang LE, Du SY, Fan CL, Li L, Wang P, Yuan Y. Association
of cyclooxygenase-2 expression with Hp-cagA infection in gastric
cancer. World J Gastroenterol 2003; 9(2): 246-249
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INTRODUCTION
The mortality rate of gastric cancer still takes the first place in
eastern Asia, particularly in China. So it is important to study
the mechanism of gastric carcinogenesis and to explore the
effective and reasonable methods for early prevention of gastric
cancer, subsequently reducing the mortality rate of gastric cancer.
Epidemiological studies show that gastric cancer is closely
linked to Helicobacter pylori (Hp) infection[1-5], because the
incidence of gastric cancer increases 4-9 times after Hp
infection, and more than 60 % patients with gastric cancer had
been infected with Hp[6]. Recent studies indicate that infection
with cagA+ Hp possesses a potent toxin and high risk for causing
gastric cancer[7, 8]. There is a close association between cagA+
Hp and precancerous stage, even gastric cancer[9-12]. But the
mechanism that how cagA+ Hp actually leads to gastric cancer
still remains unclear.
Cyclooxygenase-2 (COX-2) is one isoform of COX enzyme
family, which is the rate-limiting enzyme for prostaglandin H
synthesis. It is an inducible enzyme, and normally absent in
cells, but its expression is rapidly and transiently induced in
response to growth factors, tumor promoters or cytokines[13,14].
Recent studies indicate that COX-2 not only involves in
inflammatory responses but also relates to carcinogenesis. Since
COX-2 is overexpressed in many tumors, such as colon-rectum
cancer[15-17], esophageal cancer[18,19] etc., it may play an important
role in the development and progression of cancers[20-22].
It is well documented that Hp infection can cause
inflammation, and COX-2 is often involved in inflammatory
responses and also related to cancinogenesis. However, it is
not clear whether cagA + Hp infection induces COX-2
expression and whether there is an association between them
during gastric cancer development and progression.
To investigate the possible association between the COX2 expression level and cagA+ Hp infection, in this study, Flow
Cytometry technique was employed to quantitatively determine
the expression level of COX-2 in specimens of gastric cancer
and adjacent normal gastric mucosa and PCR method was used
to amplify the cagA gene in specimens of gastric cancer.
MATERIALS AND METHODS
Materials
Specimens of gastric cancer and corresponding adjacent normal
gastric mucosa were obtained from 32 patients who had
undergone surgical operations of gastric cancer at the
Department of Tumor Surgery of the first affiliated hospital of
China Medical University. All samples including 1 case of
stomach malignant lymphoma and 31 cases of gastric
adenocarcinoma were confirmed by pathology diagnosis. The
32 patients were made up of 19 males and 13 females ranging
in age from 46 to 73 years old.
Methods
Flow cytometry determination (1) Obtaining single cell
solution: 0.5 cm3 specimen of gastric cancer and tissue of
adjacent normal gastric mucosa were put on separate 400 pore
cleaning copper nets on top of small cups, and the samples
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Statistical analysis
The expression of COX-2 protein in gastric cancer was analyzed
by paired T test with Excel 2000; the association between the
levels of COX-2 expression and cagA -Hp infection in gastric
cancer was analyzed with T test between the two groups.
RESULTS
Expression of COX-2 protein in gastric cancer
27 cases of gastric cancer (in 32 cases) expressed high levels
of COX-2 with an average of 67.51 %±21.11 % positive cells
and the range was between 30.36-98.56 % (Figure 1: A1, A2,
A3), in contrast, the corresponding 27 cases of adjacent normal
gastric mucosa only showed a weak expression of COX-2 with
an average of 12.41 %±8.16 % positive cells and the range
between 3.55-29.16 % (Figure 1: B1, B2, B3). The percentage
of positive cells in gastric cancer was significantly higher than
that in the normal gastric mucosa beside cancers (P<0.001).
Out of the 5 remaining cases, 3 did not show the expression of
COX-2 in both specimen of gastric cancer and adjacent normal
gastric mucosa, whereas in the other 2 cases, the percentage

of positive cells in specimen of gastric cancer was not higher
than that in the adjacent normal gastric mucosa. In total, 27
cases of 32 gastric cancer overexpressed COX-2 protein and
the positive rate was 84.4 %.
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were cut into very small chips and washed with 0.9 % NaCl,
then single cell solution was collected and confirmed with
microscope that over 90 % cells were single cells. (2)
Permeabilizing cells: after being washed 2 times with PBS,
the single cells were resuspended with 2 mL 1×FACS
permeabilizing solution (Becton Dickson), and incubated at
R.T. for 10 min before being washed 1 time with PBS
containing 0.5 % bovine serum albumin. The cells were then
divided in 2 flow cytometer tubes, and made sure the number
of cells in each tube is 106. (3) Immunofluorescence staining:
COX-2 was indirectly immunofluorescence stained and 2 tubes
were set for each specimens of gastric cancer and tissues of
adjacent normal gastric mucosa. 1 tube of each set was stained
with FITC (polyclonal anti-rabbit IgG Becton DicksonPharmingen company), which was a second fluorescent
antibody, as a second antibody self contro l. 2 µL anti-COX-2
rabbit polyclonal IgG (Santa Cruz Biotechnology, Inc.) were
added to the other 1 tube of cells and mixed. The cells were
incubated at R.T. for 30 min before being washed 1 time with
PBS containing 0.5 % bovine serum albumin. 2 µL secondary
FITC antibody were then added and the cells were incubated
in the dark at 2-8
for 30 min. After being washed 2 times
with PBS, the cell pellet was resuspended in 500 µL PBS for
COX-2 detection by Flow Cytometer (FACScan Becton
Dickson). (4) FACS detection and analysis: Laser excitation
was at 488nm, the data was obtained and analyzed with Cell
Quest multiple function software, and the fragment interference
was eliminated by drawing a gate.
PCR amplification The template from specimen of gastric
cancer was amplified by polymerase chain reaction. The cagA
-Hp primers used were: upstream: 5’-GTG CCT GCT AGT
TTG TCA GCG; and the downstream: 5’-TTG GAA ACC ACC
TTT TGT ATT AGC. (obtained from Dr Berg, Washington
University). PCR reaction: the 20 µL reaction mixture including
5 µL template, 2 µL PCR buffer, 2 µL dNTP, 2 µL MgCl,
0.5 µL upstream and 0.5 µL downstream primers, 0.25 µL Taq
DNA polymerase and dH2O was subjected to denaturation at
for 5 min; 35 cycles of 1 min at 94 , 1 min at 50 ,
94
1 min at 72 ; with a final extension at 72 for 10 min.The
amplification reaction was proceeded in a PerkinElmer Cetus
Thermocycler (PE-9600).
Assay of PCR production 10 µL of reaction mixture were
loaded to 1.5 % agarose gel containing 0.5 µg/ml ethidium
bromide for electrophoresis, the gel was then placed under
ultraviolet ray for detection. The amplified cagA gene product
was about 390 bp.

247

0

100

101

102
103 104
FL1-H

0

100

101

102
103 104
FL1-H

Figure 1 Analysis of COX-2 expressions in gastric cancer tissues and relevant adjacent normal gastric tissues by FACS. A1,
A2, A3: Gastric cancer tissues; B1, B2, B3: Relevant adjacent normal gastric tissues. Dotted lines represent results generated
with anti-rabbit-FITC; Solid lines represent results generated
with rabbit-anti COX-2 and anti-rabbit-FITC.
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Figure 2 Agarose gel electrophoresis of PCR products of cagA
gene in gastric cancer tissues. M: DNA marker; 1, 4, 5, 6 and 7:
positive PCR products; 2 and 3: negative PCR products.

The association between the levels of COX-2 expression and
cagA -Hp infection in gastric cancer
The cagA+ Hp was detected in 19 out of 32 (59.3 %) gastric
cancers (Figure 2). According to the cagA detection results,
32 cases of gastric cancer were then divided into two groups,
the cagA positive group and cagA negative group, so that we
could analyze the difference in the levels of COX-2 expression
between the two groups. As shown in Table 1, the levels of
COX-2 expression in cagA positive group were much higher
than those in cagA negative group, and cagA gene was not
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detected in the 5 cases with no obvious COX-2 expression.
The results suggest that the expression of COX-2 is associated
with the cagA+ Hp infection in gastric cancer and cagA+ Hp
infection can up-regulate the expression of COX-2.
Table 1 The expression of COX-2 protein in gastric cancer
Grope

n

Cells expressed COX-2(x±s)%

Gastric cancer

32

67.51±21.11a

Normal gastric mucosa

32

12.41±8.16

Gastric cancer with cagA+ Hp

19

73.82±18.2b

Gastric cancer without cagA Hp

13

35.92±22.1

+

P<0.001 vs normal gastric mucosa; bP<0.001 vs without cagA+
Hp group.
a

DISCUSSION
Cyclooxgenases (COXs) are the key enzyme in arachidonate
metabolism and catalyze the biosynthesis of prostaglandin H2,
which is the precursor for prostanoids. COX family consists
of the classical COX-1 enzyme, which is constitutively
expressed in many tissues, and involved in the homeostasis of
various physiologic functions, and its isozyme COX-2, which
was discovered in 1991 [13] and is involved in many
inflammatory reactions with its expression rapidly induced by
growth factors, tumor promoters or cytokines. Under normal
conditions, COX-2 is absent in tissue cells. Since Hp infection
causes inflammatory reaction, it may also induce the expression
of COX-2. Romano and associates incubated MKN28 gastric
mucosal cells with broth culture filtrates or bacterial
suspensions from wild-type Hp, after 24 hours COX-2 mRNA
levels increased by 5-fold and the synthesis of PGE2 , the main
product of COXs, increased by 3-fold, whereas COX-1 mRNA
levels remained unchanged[23]. This effect was specifically
related to Hp because it was not observed with Escherichia
coli. This study indicates that Hp could induce the expression
of COX-2 in gastric mucosal cells in vitro. However, whether
Hp induces the expression of COX-2 in vivo, paticularly in
gastric cancer, and whether there is an association between
cagA+ Hp infection and the expression of COX-2 still remain
unclear. Our results showed that 27 out of 32 cases (84 %) of
human gastric cancer expressed COX-2, which was similar to
the status in colon-rectum cancer[24], and indicated that the
expression of COX-2 was closely associated with gastric
cancer. The average percentage of cells that positively express
COX-2 was 73.82 % in 19 cases of gastric cancer with cagA+
Hp infection; whereas it was 35.92 % in 13 cases of gastric
cancer without cagA+ Hp infection. The levels of COX-2
expression in gastric cancer with cagA+ Hp infection were much
higher than those without cagA+ Hp infection (P<0.001). 5
cases of gastric cancer did not show expression of COX-2 also
were not detected for cagA gene PCR product. The result
indicates that cagA+ Hp infection can up-regulate the expression
of COX-2 in gastric cancer, and cagA+ Hp infection may play
an important role during gastric carcinogenesis by mediating
the expression of COX-2. McCarthy et al[25] analyzed the COX2 expression in gastric antral mucosa before and after
eradication of Hp infection by immunohistochemistry and the
results indicate that acute and chronic antral inflammation is
associated with Hp as well as the expression of COX-2 protein
in epithelial cells. The expression of COX-2 was reduced, but
not eliminated, in the epithelium after successful eradication
of Hp. Despite the reduction in COX-2 expression after Hp
eradication, expression of COX-2 in epithelial cells remained
and strongly correlated with the extent of the chronic
inflammatory cell infiltration. This conclusion supports our
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results that COX-2 was also expressed in some cases of gastric
cancer without cagA+ Hp infection and that the expression of
COX-2 in gastric cancer without cagA+ Hp infection is weaker
than that with cagA+ Hp infection. Recent studies indicate that
Hp can induce COX-2 expression in gastritis[26-30], and COX-2
expression in gastric cancer with Hp infection has also been
reported recently[31,32], but most of the studies were conducted
with immunohistochemistry, Western blot and RT-PCR
methods [26-32], and to quantitatively determinate COX-2
expression and to divide Hp into subtypes for analysis has
seldom been reported so far.
Recently, evidence has been presented that COX-2 is
induced in human colorectal cancers and in the polyps of mouse
FAP models. When the COX-2 gene is inactivated in FAP
model mice, both the number and size of polyps are reduced
dramatically. In addition, selective inhibitors of COX-2 cause
results similar to those caused by COX-2 gene knockout
mutations. These genetic and pharmacological data open up
the possibility of effectively treating human FAP and various
human cancers with COX-2 selective inhibitors[33-35].
The fact that COX-2 is overexpressed in gastric cancer and
that the expression of COX-2 in gastric cancer infected by
cagA+ Hp is much higher than that without cagA+ Hp infection
indicates that cagA+ Hp infection up-regulate the expression
of COX-2 in human gastric cancer, and the expression of COX2 is closely associated with gastric cancer. But the fact that the
specimens of gastric cancer without cagA+ Hp infection also
express COX-2 at different levels implies that there may exist
another way or channel to up-regulate the expression of COX2 in gastric cancer besides cagA positive strain infection.
Therefore, with the successful eradication of Hp infection,
applying COX-2 selective inhibitors could be an effective and
promising way to prevent gastric cancer.
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Abstract
AIM: To study the expression of cyclooxygenase-2 (COX-2)
gene in gastric cancer and the relationship between COX-2
expression and clinicopathologic features of gastric cancer.
METHODS: With reference to the expression of β-actin gene,
COX-2 mRNA level was examined in cancerous tissues and
adjacent noncancerous mucosa from 33 patients by
semiquantitative reverse transcription- polymerase chain
reaction (RT-PCR). Quantitation of relative band Adj volume
counts was performed using molecular Analyst for windows
software. The COX-2 index was determined from the band Adj
volume counts ratio of COX-2 to constitutively expressed actin.
RESULTS: The COX-2 index in gastric carcinoma was
significantly higher than that in normal mucosa (0.5966±0.2659
vs 0.2979±0.171, u=5.4309, P<0.01). Significantly higher
expression of COX-2 mRNA was also observed in patients
with lymph node involvement than that in those without
(0.6775±0.2486 vs 0.4105±0.2182, t=2.9341, P<0.01).
Furthermore, the staging in the UICC TNM classification
significantly correlated with COX-2 overexpression (F=3.656,
P<0.05), the COX-2 index in stage III and IV was significantly
higher than those in stage I and II(q=3.2728 and q=3.
4906, P<0.05). The COX-2 index showed no correlation
with patient’s age, sex, blood group, tumor location, gross
typing, depth of invasion, differentiation, and the greatest
tumor dimension (P>0.05).
CONCLUSION: Expression of COX-2 mRNA in gastric
carcinoma was significantly higher, which may enhance
lymphatic metastasis in patients with gastric carcinoma. The
staging in the UICC TNM classification was significantly
correlated with COX-2 over-expression. COX-2 may contribute
to progression of tumor in human gastric adenocarcinoma.
Xue YW, Zhang QF, Zhu ZB, Wang Q, Fu SB. Expression of
cyclooxygenase-2 and clinicopathologic features in human gastric
adenocarcinoma. World J Gastroenterol 2003; 9(2): 250-253
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INTRODUCTION
Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme in

conversion of arachidonic acid to prostaglandins, also referred
to as prostaglandin endoperoxide synthase (PGHS).
Epidemiological and clinical results have suggested that nonsteroidal anti-inflammatory drugs (NSAIDs) may reduce the
risk of digestive tract carcinomas, including gastric and colon
lesions. COX-2, which has been identified as being
overexpressed in colorectal and gastric cancers, is one of the
major targets of NSAIDs. Not only specific inhibitors of COX2 significantly suppressed proliferation of gastric cancer cell
lines[1, 2], but also a recent in-vitro study suggested that specific
inhibitors of COX-2 significantly suppressed proliferation of
gastric cancer xenografts in nude mice [3]. This evidence
supports the hypothesis that COX-2 is an important factor in
the growth and development of gastric cancer. We used the
semiquantitative reverse transcription- polymerase chain reaction
(RT-PCR) to examine the expression of COX-2 mRNA in gastric
cancerous tissues and adjacent noncancerous mucosa, and to
study the relationship to the clinicopathologic features.

MATERIALS AND METHODS
Patients and samples
Thirty-three patients undergoing surgery for primary gastric
cancer at the Third Clinical Hospital of Harbin Medical
University from 2001 to 2002 were examined. Of these, 27
were male and 6 were female. The mean age was 58.6 years
(range, 32-76). The clinicopathologic features showed in Table
1. Paired samples of cancer tissue and normal gastric mucosa
(the distance to border of tumor is beyond 5 cm) were obtained
from each patient at the time of surgery. The samples were
immediately frozen in liquid nitrogen. All specimens were
verified by the same pathologists.
Methods
Total RNA was isolated from 50-100 mg of the tissues
according to the method of User Manual TRIzol reagent (Life
Science) and was quantitated by reading absorbance at 260
nm. The total RNA solution was subjected to RT-PCR
analysis using the TITANIUM TM one-step RT-PCR kit
(CLONTECH Laboratories, Inc, USA). The total RNA
specimens (1 µg) were reverse transcripted and amplified in
25 µl of reaction mixture, and the reaction conditions for
COX-2 and β-actin was identical.
Oligonucleotide primers for COX-2 used were 5’-TGA
AAC CCA CTC CAA ACA CAG-3’ (sense) and 5’-TCA TCA
GGC ACA GGA GGA AG-3’ (antisense), the PCR product
length was 232 bp; those for β-actin were 5’-GTT TGA GAC
CTT CAA CAC CCC-3’ (sense) and 5’-GTG GCC ATC TCT
CTT GCT CGA AGT C-3’ (antisense), the PCR product length
was 320 bp. The RT-PCR procedures were as following:
reverse transcription at 55 for 60 min, inactivation of reverse
transcriptase at 94 for 5 min, amplification for 30 cycles of
denaturation at 94 for 30 sec, annealing at 55 for 30 sec,
and extension at 68
for 60 sec.
The PCR products were electrophoresed in 2 % agarose
gels with 0.5 µg/ml ethidium bromide and visualized under
UV light. Quantitation of relative band volume counts was
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performed using Molecular Analyst for windows software. To
estimate COX-2 expression levels, a COX-2 index was
designated as a band volume counts ratio of COX-2 to
constitutively expressed β-actin, because β-actin mRNA is
expressed constitutively in both the normal gastric mucosa and
tumor tissues. The higher COX-2 index showed the higher
expression level of COX-2 mRNA in tissues.

Statistical analysis
Statistical significance was calculated with the Students t test,
Students u test, one-way ANOVA and Student-Newman-Keuls.
P<0.05 was selected as the statistically significant value. All
results are shown as means ±SE.
RESULTS
The total RNA was electrophoresed in 1 % agarose gels with
0.5 µg/ml ethidium bromide and visualized under UV light,
then showed three bands: 5s, 18s and 28s. The total RNA was
quantitated by reading absorbance at 260 nm, and A260/280
that ranged from 1.7 to 2.0.
COX-2 mRNA and β-actin mRNA were amplified by RTPCR, and their products length were 232bp and 320bp. The βactin mRNA expressed constitutively in all tissues, including
normal gastric mucosa and tumor tissues (Figure 1). COX-2
mRNA expressed in 29 of 33 (87.88 %) human gastric cancer
specimens, over-expression was seen in 26 of 33 (78.79 %)
cases (COX-2 index was 0.5966±0.2659), and weak or negative
COX-2 expression was seen in 25 of 33 (75.8 %) normal
mucosa (COX-2 index was 0.2979±0.171) (Figure 2). COX-2
index in gastric carcinoma was significantly higher than that
in normal mucosa (u=5.4309, P<0.01). Significantly higher
expression of COX-2 mRNA was also observed in patients
with lymph node involvement than that in those without
(0.6775±0.2486 vs 0.4105±0.2182, t=2.9341, P<0.01).
Furthermore, the staging in the UICC TNM classification
(1985) significantly correlated with COX-2 overexpression
(F=3.656, P<0.05), COX-2 index in stages III and IV was
significantly higher than those in stages I and II (q=3.2728
and q=3.4906, P<0.05). COX-2 index showed no correlation
with patient’s age, sex, blood group, tumor location, gross
typing, depth of invasion, differentiation, and the greatest tumor
dimension (P>0.05, Table 1).
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Table 1 Clinicopathologic features in these patiens and COX2 index (x±s)
Parameter
Sex
male (n=27)
female (n=6)
Age (range)
60 (n=16)
＞60 (n=17)
Blood group
A type (n=10)
B type (n=11)
O type (n=7)
AB type (n=5)
Greatest tumor dimension
<5 cm (n=11)
5 cm (n=22)
Histopathologic type
Middling differentiation (n=7)
Low differentiation (n=9)
Middling and low differentiation (n=6)
Signet-ring/mucous cell (n=11)
Gross type
Borrmann I (n=8)
Borrmann II III (n=22)
Borrmann IV (n=3)
Depth of invasionb
pT2 (n=10)
pT3 (n=11)
pT4 (n=12)
Lymph nodeb
pN0 (n=10)
pN1 and pN2 (n=23)
TNM stageb
I and II (n=9)
III (n=13)
IV (n=11)
Tumor location
Antrum (n=18)
Corpus (n=6)
Cardiac orifice (n=9)

x±s

P

0.5798±0.2754
0.6722±0.2012

NSa

0.6144±0.2655
0.5799±0.2651

NS

0.5928±0.2647
0.6415±0.264
0.5906±0.2614
0.6221±0.2551

NS

0.4929±0.2807
0.6485±0.242

NS

0.5772±0.2645
0.5563±0.249
0.4278±0.2911
0.7341±0.186

NS

0.4897±0.28
0.6244±0.2672
0.6785±0.0443

NS

0.5198±0.2516
0.5682±0.2526
0686±0.2633

NS

0.4105±0.2182
0.6775±0.2486

<0.05

0.4054±0.2275
0.6561±0.2233
0.6829±0.2631

<0.05

0.5678±0.314
0.6771±0.1488
0.6006±0.203

NS

NS, not significant. bEach factor of pT, pN and TNM stage
was determined according to the UICC TNM classification,
published in 1985.
a

320 bp

Figure 1 Representative β-actin mRNA expression in samples
analyzed by RT-PCR. Lane M, molecular marker, from above
down: 2 000, 1 000, 750, 500, 250, 100 bp.
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Figure 2 Representative COX-2 mRNA expression in gastric
carcinoma tissues analyzed by RT-PCR. Lane M, molecular
marker, from above down: 2 000, 1 000, 750, 500, 250, 100 bp.
Lane N, noncancerous tissue; lane T, cancerous tissue.

DISCUSSION
Two isoforms of COX have been identified: COX-1 expressed
constitutively in a number of cell types, which take part in
sustaining physiologic function of body; COX-2 is a inducing
immediate-early gene, and human gastric mucosa normally
expresses detectable levels of COX-2. COX-2 is induced by a
variety of cytokines, hormones, and tumor promoters, leading
to more PGs producing. Initial association of COX-2 with
tumor has shown in studies for colorectal cancer, and then for
other tumor[4-10]. A series of studies confirmed that COX-2 levels
elevated in colorectal carcinoma, and over-expression of COX2 in colorectal cancer was associated with carcinogenesis,
develop ment[11-17] and poor prognosis[18, 19]. In recent years, a
lot of researchers studied the association of COX-2 expression
with gastric carcinoma[20-26], but those conclusions were not
identical, with a variety of causes.
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In the current study, we found that elevated levels of COX2 mRNA in human gastric adenocarcinoma tissues, and the
COX-2 index in gastric carcinoma was significantly higher
than that in normal mucosa (u=5.4309, P<0.01), which is
identical to the data published[20-26]. The mechanism of the
COX-2 involved in the pathogenesis of tumor is that overexpression of COX-2 may promote PGs biosynthesis in gastric
cancer cells, and PGs shows a potent immunosuppression effect
by inhibiting the T-cell or natural killer cell activity[27]. PGs thus
provide a selective advantage for cancer cell survival; in addition,
COX-2 can also suppress cell apoptosis[28-32], prolong cell cycle
G1[33,34], and decrease level of cyclin D1[35, 36], which lead to that
cells can not enter the cycle and proliferate continuously.
Meantime, COX-2 enhances adhesion of cells[37, 38] and promotes
tumor angiogenesis [22,39], which may finally lead to the
carcinogenesis and progression of the tumor.
Many researchers[20-40] found that COX-2 mRNA expression
in gastric carcinoma is correlated closely with depth of
invasion, indicating that COX-2 is involved in the growth of
the tumor. But, our studies did not find a correlation between
COX-2 expression and the extent of primary tumor invasion.
Our recent studies have found a correlation between the level
of COX-2 expression and lymph node metastasis in patients
with gastric carcinoma. Murata et al[21] and Leung et al[41] found
that tumor with the overexpression of COX-2 protein by
Western blot and immunohistochemical analysis was
associated significantly with invasion into gastric wall
lymphatic vessels as well as with metastasis to lymph nodes
(P<0.05). Uefuji et al[40] detected level of COX-2 mRNA
expression by RT-PCR analysis, and the conclusion was in
agreement with this study. We demonstrated that significantly
higher expression of COX-2 mRNA was also observed in
patients with lymph node involvement than that in those
without (t=2.9341, P<0.01). It is suggested that COX-2 may
influence lymphatic involvement by the way of increasing
tumor invasiveness. Some studies have found that overexpression of COX-2 decreased the expression of both Ecadherin and the transforming growth factor-β receptor, which
has been linked to enhancing tumorigenic potential and
increasing tumor invasiveness [37,38,42-45]. Meantime, the
overexpression of the COX-2 promotes invasiveness in gastric
cancer through the induction of metalloproteinase-2 and
membrane-type metalloproteinase[11,21,46].
Although several investigators[20] reported that the COX-2
level was not associated with UICC TNM stage, but majority
of them[21, 23] have reported a significant relation between the
levels of COX-2 protein over-expression and UICC TNM
stage. Our results are in agreement with previous ones. The
COX-2 level in Stage III and IV was significantly higher than
in Stage I and II (q=3.2728 and q=3.4906, P<0.05); but the
difference of COX-2 level between Stages III and IV showed
no statistical significance (q=0.3702, P>0.05). Consequently,
we can infer that COX-2 may be independent or synergistic
with other factors to promote growth of gastric cancer, and to
enhance the lymph node metastasis and involvement. But, in
advanced gastric cancer, when COX-2 expression is upregulated to a certain level, COX-2 can not increase
continuously, which suggests that there are some much more
complicated mechanisms in the regulation of COX-2
expression.
In conclusion, COX-2 mRNA shows elevated expression
in gastric carcinoma tissues, and the degree of COX-2 mRNA
elevation is related to the lymphatic metastasis, UICC TNM
stage, and poor prognosis. These findings suggest that COX-2
is involved in the carcinogenesis and growth of gastric
carcinoma and that the inhibition of COX-2 activity may prove
to have an important therapeutic benefit in the control of gastric
carcinoma.
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Abstract
AIM: Current study was aimed to evaluate the usefulness
of EUS in TNM staging of gastric cancer by comparing EUS
preoperative staging with pathological findings, and the
preliminary exploration of possible reasons for overstaging
and understaging phenomenon was especially intended.
METHODS: A total of 35 patients with histologically
confirmed gastric adenocarcinoma were referred to EUS and
staged preoperatively by using the TNM system. The
preoperative endosonographic results were compared with
the histopathological staging.
RESULTS: The overall accuracy of EUS for determination
of the T stage was 80.0 %, and for T1, T2, T3, and T4 was
100 %, 71.4 %, 87.5 % and 72.7 %, respectively. For N
stage, EUS had the accuracy of 68.6 %, with sensitivity and
specificity of 66.7 % and 73.7 %, respectively. Resectability
was predicted with sensitivity and specificity of 87.5 % and
100 %, respectively.
CONCLUSION: EUS is an accurate staging modality in most
cases, with a few exceptions of overstaging and understaging.
Patients with gastric cancers can benefit from preoperative
EUS staging for establishing individualized therapy. However,
EUS criteria to differentiate benign from malignant nodes
still need to be further defined by future studies.
Xi WD, Zhao C, Ren GS. Endoscopic ultrasonography in
preoperative staging of gastric cancer: determination of tumor
invasion depth, nodal involvement and surgical resectability.
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INTRODUCTION
Gastric cancer is one of the most encountered gastrointestinal
malignances. The overall 5-year survival rates are still not
encouraging, although many advances in diagnostic modalities
and therapeutic regimens have been achieved during last a few
decades. The improvement of survival rates depends primarily
on early detection and treatment of the tumor. Many largescale clinical trails indicate that the majority of patients are in

advanced stage at time of diagnosis and the outcome is dismal.
It has been well accepted that accurate preoperative staging is
not only important for prediction of the prognosis, but also
essential to establishment of individualized cancer therapy[1].
The staging was previously made by analysis on the bases of
clinical presentations, laboratory test results, and various
imaging findings such as trans-abdominal B-mode
Ultrasonography, computed tomography (CT) or magnetic
resonance imaging (MRI). However, precise conclusion was
often difficult to obtain due largely to limitations on or local
unavailability of these techniques themselves[2,3].
Endoscopic ultrasonography (EUS) was first introduced by
a Germen doctor in the early 1980s and is now used worldwide.
Without interference by abdominal fat, bones and gut gases, the
probe can be placed in where is nearest to the target organ or
tissue of interest and the more accurate imaging can be obtained.
Because of the use of transducers of high frequency, it facilitates
the early detection of minute lesions and the TNM staging of
tumors[4,5]. The ability of EUS to accurately visualize and
differentiate the different layers of the gut wall makes it possible
to determine the penetration depth of a gastrointestinal cancer
more precisely. Simultaneously, the observation of the
evolvement of lymph nodes and other organs adjacent to the
cancer within the range of EUS scanning can provide more
detailed additional information to the disease. Currently, EUS
is becoming one of the routine methods in staging of
gastrointestinal cancers, including gastric carcinoma [6-8].
Published data showed that the accuracy of T and N staging for
gastric cancer is 78-92 % and 63-78 %, respectively[9,10], being
imperative in prognostic prediction and especially in decisionmaking regarding to individualized therapeutic regimens[11,12].
It has been noticed that overstaging and understaging are
the common problems encountered in current EUS practice,
and accuracy for lymph node staging exhibits discrepancy
between observers[9,13]. Current study was aimed to evaluate
the usefulness of EUS in TNM staging of gastric cancer by
comparing EUS preoperative staging results with pathological
findings, and the preliminary exploration of possible reasons
for above-mentioned phenomenon was especially intended.

MATERIALS AND METHODS
Patients
Thirty-five patients with gastric cancer proven pathologically
underwent EUS preoperative T and N staging, including 25
male, 10 female, aged 28-78 years with average of 61.7. Of
them, 32 were treated surgically (two were found unresectable
due to adjacent organ involvement). The diagnosis was
reconfirmed and pathological TN staging made. Three cases
were diagnosed T4N1M1 based on EUS, B ultrasound, and
CT scanning findings and treated unsurgically. Therefore, 32
patients were finally enrolled in this study.
EUS examination procedures
A Pentax 3840T double-channeled video-gastroscope was
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employed and Fujinon SP-701 radial scanning probes (with
frequency of 7.5MHz, 12MHz, and 20MHz) introduced via
one of the working channels. EUS preoperative staging for
gastric cancer followed the TNM staging as of the Union
Internationale Contre le Cancer (UICC)[10]. Early cancer is
clinically defined as the tumor confined to mucosa or
submucosa regardless of lymph node metastasis [14]. The
extension of the cancer into muscularis propria is classified as
the advanced. The judgment of local tumor invasion depth by
EUS is according to the determination of the outmost involved
layer of the gastric wall[15]. Regional lymph node staging is
classified as N0 (no lymph node involvement found) and N+
(perigastric lymph node metastasis confirmed). M refers to
distant metastasis, defined as M0 and M1 (with or without
distant metastasis).

RESULTS
EUS staging
EUS preoperative staging results were listed in Table 1.
Table 1 Accuracy of EUS preoperative T staging in 35 patients
with gastric carcinoma
Pathologicstage
EUS stage

Accuracy of EUS (%)

n
T1

T2

T3

T4

T1

1

1

0

0

0

100

T2

7

1

5

1

0

71.4

T3

16

0

2

14

0

87.5

T4

8(3)

0

0

3

5(3)

72.7

Total

32(3)

2

7

18

5(3)

80.0

Surgical findings
Among 32 cases of the current study, cancer located in gastric
atrium was found in 18 patients, gastric corpus in 9 and fundus
in 5. Radical gastrectomy was performed in 15, total
gastrectomy in 13, and palliative surgery in 2. Unresectable
tumors were found in 2 patients. The sensitivity and specificity
of EUS for predicting resectability were 87.5 % and 100 %
respectively.
The comparison between EUS and pathologic T staging
By compared to the postoperative pathology, the overall
accuracy of EUS T staging was 80.0 % (Table 1). Much
attention should be paid to overstaging and understaging found
in T2, T3, and T4. The assessment of tumor invasion in
postoperative pathology was mostly consistent with
preoperative EUS findings, except seven cases including 4
ulcerated type, 2 protruded type, and 1 flat type. Pathologically,
the understaged one was due to micro-tumor invasion
undetectable by EUS. The overstaged six cases were owing to
lo cal inf lamm ato ry r eaction, edema, and fibr osis
undifferentiable by EUS.
The comparison between EUS and pathologic N staging
The accuracy, sensitivity and specificity of EUS for N staging
(Table 2) were 68.6 %, 66.7 %, and 73.3 %, respectively.
However, 11 patients had inconsistent pathologic findings
compared with EUS. Although four of them were diagnosed
N+ by EUS during operation, the pathology confirmed
inflammatory lymphadenopathy with no evidence of tumor
metastasis. Lymph nodes susceptive of metastasis were not
detected in 2 cases both by EUS during operation but confirmed
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later pathologically. EUS-undetected lymph nodes in 3 cases
were also diagnosed during operation and by postoperative
pathology.
Table 2 Accuracy of EUS preoperative N staging in 35 patients with gastric carcinoma
Pathologic stage
EUS stage

Accuracy of EUS(%)

n

N0

N+

N0

20

14

6

70.0

N+

12(3)

5

7(3)

66.7

Total

32(3)

19

13(3)

68.6

(NOTES: three cases of T4N+ not surgically treated were included as being the correctly diagnosed).

DISCUSSION
Clinical experience with EUS used as an important preoperative
staging tool for gastric cancer has been widely reported. On
EUS imaging, early gastric cancer is visualized as hypo-echo
masses invading the first, second, and third layers of the
stomach, resulting in disruption, thickening, and irregularity
of the layers involved. The fourth and fifth layers are often
intact. Gastric cancer in advanced stage is usually accompanied
by disruption of submucosa and muscularis propria,
disappearance and replacement of the normal structures by
hypo-echo mass as result of tumor invasion[16-18]. Willis et al[19]
reported that overall accuracy of EUS for T, T1, T2, T3, and
T4 staging was 78 %, 80 %, 63 %, 95 %, and 83 %, respectively.
Regional lymph node staging was correctly conducted in 77 %
of all 116 patients. Our results were similar to Willis’s, with
80.0 % and 68.6 % for T and N staging, respectively. Together
with reports elsewhere, it is accepted that EUS is an accurate
staging modality in most cases, with a few exceptions of
overstaging and understaging. In our study, seven incorrectly
staged patients consisted of ulcerated type in 4 cases, protruded
type in 2, and flat type in 1. By careful examination and
analysis, we found pathologically that reasons contributing to
overstaging can be misinterpretation of necrostic tissue
overlaying the ulcer surface, scars and fibrosis, inflammatory
reaction in the peripheral structure of cancer, thickened gastric
wall or ball-balloon alteration. Microscopic cancer invasion
or focal destruction of a certain layer undetectable with lowerfrequency ultrasound often results in understaging. In general,
staging for elevated type may be more readily than that for
ulcerated one, being with higher accuracy. To achieve the best
visualization of the cancer and improve the diagnostic accuracy,
high frequency probes (20MHz) may be more suitable for early
cancer, while low frequency transducers (7.5 or 12MHz) for
advanced ones[20,21].
Lightdale[22] and Zuccaro et al[10] pointed out those lymph
nodes of round shape, clear margin, and hypo-echo pattern
similar to that of the primary tumor were more likely to be
malignant. Heintz et al[23] reported that the sensitivity and
specificity could be 85 % and 45-85 % respectively if the
followings were taken as the diagnostic criteria for malignant
nodes: larger than 10 mm in diameter, heterogeneous echo
pattern, and sharp border. EUS accuracy for N staging in this
study was 68.6 %. Inaccuracy may be as the result of lack of
reliable differential standard for benign and malignant nodes.
The diameter, location, and the distance of lymph node to the
primary lesion, and the endoscopists’ expertise are important
as well. Other factors affecting the accuracy may also include
the frequency and penetration depth of the transducers used,
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and intra-gastric substance. We recommend that based on our
experience, visualization of lymph nodes by EUS should start
with the site of primary tumor followed by gradual detection
of each perigastric lymph node group. The differentiation of
lymph nodes from other perigastric structures such as vessels
on EUS imaging can be made by moving the probe forward
and backward or using linear EUS equipped with color
Doppler. Since many factors may influence the detection of
nodes, negative EUS does not reliably indicate the absolute
absence of nodal involvement and further assessment should
be carried out to obtain definite diagnosis. EUS-guided fine
needle aspiration (EUS-FNA) is now clinically available and
has been accepted as the most reliable cytology for
differentiation in this situation[24,25].
The accurate preoperative staging for gastric cancer is very
important in predicting prognosis and in determining
individualized therapeutic regimens[26-28]. Since EUS has its
own limitations on accuracy of M staging, it must be
emphasized here that precise staging results and proper
management decision-making should rely on clinical
presentations, laboratory tests and various imaging
technologies. Nevertheless, EUS is undoubtfully superior to
B ultrasound, CT, and conventional endoscopy in the
assessment of primary tumor invasion depth and regional
lymph node status[4]. The therapeutic goals for gastric cancer
should be set to maximally prolong the survival time,
significantly improve the patient’s quality of life, avoid any
unnecessary procedure and any operation with no proven
benefit, and also, reduce the economic burden on the patient.
To achieve those, optimal therapy must be carefully
individualized to meet the need of each patient based on precise
TNM staging. Because early cancers confined to mucosa can
be effectively managed by endoscopic resection and thus
laparotomic surgery and its related complications can be
avoided[29-32], these lesions must be recognized clinically prior
to the treatment decision-making. The very limited penetration
depth of early tumors can be clearly displayed and reliably
determined on EUS scanning especially when high-frequency
probes are used, as reported by our team[17]. Although surgery
is still recommended as the first line therapy for T1-T3N1M0
cancer[33], Rohde et al[10] found that 30 % of 1 420 gastric cancer
patients undergoing surgery eventually had no curative results
because of tumor invasion. For patients with T4 cancers, further
investigation should be performed to determine whether there
is any hope of surgical cure[34,35]. Patients with cancer invading
into adjacent organs such as the pancreas proven by EUS should
not undergo radical management. For them, palliative surgery
can be a treatment choice if digestive tract obstruction is
present, and radiotherapy or chemotherapy may be instituted
when indicated. Treatment plans for three patients initially
considered as surgical candidates in this study were eventually
amended because of the preoperative staging of T4N1M1. In
these patients, the pancreas invasion, large vessel involvement
and liver metastases were the major indicators against curative
surgery, which were demonstrated clearly by EUS imaging
(for pancreas and vessel involvement) and CT scanning (for
liver metastases).
In summary, EUS is a useful study for accurate staging of
gastric carcinoma. Its unique advantages make EUS become
one of the reliable methods in guiding prediction of the
prognosis and establishment of cancer therapy regimens,
although not likely to replace other imaging modalities used
to stage these patients. Further large-scale clinical trails and
carefully planned investigations should be conducted to clarify
those questions about the ability of EUS to differentiate tumor
infiltration from fibrosis or inflammatory tissues, to detect
microscopic invasions, and to discriminate the benign from
malignant nodes.
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Abstract
AIM: To investigate the characteristics of the vascularity of
hepatic metastasis.
METHODS: Six New Zealand rabbits, weighing averagely
2.7±0.4 kg, were selected and operated to establish hepatic
VX2 tumor carrier model. Hepatic VX2 tumors were then
imaged with conventional B mode US, second harmonic
imaging (SHI), color Doppler flow imaging (CDFI), power
Doppler imaging (PDI) and harmonic PDI by a transducer
S8 connected to HP-5 500 ultrasound system. A kind of self
made echo contrast agent was intravenously injected at a
dose of 0.01 mL/kg through ear vein, and then the venous
passage was cleaned with sterilized saline.
RESULTS: Totally, 6 hypoechoic lesions and 3 hyperechoic
lesions were found in the six carrier rabbits with a mean size
about 2.1±0.4 cm under conventional B mode ultrasound, they
were oval or round in shape with a clear outline or a hypoechoic
halo at the margin of the lesions. Contrast agent could not
change the echogenicity of the lesions under conventional B
mode and SHI, however, it could greatly increase the flow
sensitivity of the lesions under PDI and harmonic PDI. Nutrient
artery of these metastatic lesions might also be well depicted
under contrast enhanced PDI and harmonic PDI.
CONCLUSION: Our result suggested that contrast enhanced
PDI, especially harmonic PDI, was a promised method in
the detection of vascularity of hepatic tumor nodules.
Du WH, Yang WX, Wang X, Xiong XQ, Zhou Y, Li T. Vascularity
of hepatic VX2 tumors of rabbits: Assessment with conventional
power Doppler US and contrast enhanced harmonic power
Doppler US. World J Gastroenterol 2003; 9(2): 258-261
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INTRODUCTION
Power Doppler ultrasonography (US) has been shown more
sensitive than color Doppler US in the depiction of vascular
flow in focal hepatic lesions, such as hepatocellular carcinoma
(HCC), focal nodular hyperplasia (FNH) and metastasis (Mets).
In addition, a wide variety of US contrast agents have been
developed by using different gases and coating materials,

especially those called the third generation contrast agents
manufactured through perflurocarbon gases. These US contrast
agents are promised to improve the quality of vascularity in
Doppler studies, and its potential role in hepatic US has
already been widely investigated. Researches have revealed that
power Doppler US performed with the application of the contrast
agent depicts more intratumoral vascularity in HCC than noncontrast power Doppler US does. Meanwhile, less knowledge
is known about the vascularity of hepatic metastasis by harmonic
power Doppler US. In this study, we intended to depict the
characterization of the vascularity of hepatic Metastasis.

MATERIALS AND METHODS
Preparation of animal models
Six New Zealand rabbits weighing 2.6-3.2 kg, averagely 2.7±0.4
kg were anaesthetized by Sumianxin (a product of the Changchun
Argo-Pastoral University) at 0.2 mL/kg through intramuscular
injection. Hairs in the abdominal region were moulted by 8 %
sodium sulfide, then the region was cleaned by saline water.
Median incision right beneath the metasternum was made to
expose the right lobe of liver. A tunnel about 3cm deep at the lobe
was established with an ophthalmic nipper. Viable VX2 tumor
tissue masses about 2-3 mm3 were implanted into the tunnel,
locally stanched and then the each layer of abdominal wall was
sutured accordingly. 2 or 3 weeks later, these rabbits were ready
for the experiment. VX2 tumor is a kind of dermatological
squamous cancer induced by Shope virus, viable VX2 tumor can
be transplanted and generated through New Zealand rabbits, and
therefore is used as simulate metastatic hepatic tumor models.
Preparation of echo contrast agent
Self made echo contrast agent was made from 5 % (g/L) human
albumin and 40 % (g/L) Dextran in a ratio of 1:3 (v/v), the
mixture was then underwent electromechanical sonication
(Sonication machine JY92-2D was manufactured by Ninbo
Xinzhi Research Institute) for 90 seconds under mechanical
energy of 280W. During the sonication process, perfluropropane
gas was mixed into the mixture. Microbubbles manufactured in
this way were counted by a Coulter counter, which concentration
was about 1.6×109 bubbles/L with an average size 4.3±2.1 µm.
Equipments
A transducer S8 connected to HP-5 500 ultrasound system was
used, which fundamental wave frequency was 3MHz and the
second harmonic imaging was transmitted at frequency 3MHz
receiving at frequency 6 MHz. Power Doppler imaging was
tuned to PRF=2.2. During the whole process of experiment, the
image depth, color gain and TGC should be kept constant.
Methods
Hepatic VX2 tumors were imaged with conventional B mode
US, second harmonic imaging (SHI), color Doppler flow
imaging (CDFI), power Doppler imaging (PDI) and harmonic
PDI. Echo agent was intravenously injected at a dose of 0.01
mL/kg through ear vein, and then the venous passage was
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cleaned with sterilized saline. All images were recorded
realtimely by magnetic optics (MO), and they were analyzed
further by at least two independent experienced sonographer.

RESULTS
Features of VX2 tumor under conventional and harmonic B
mode US
Totally 6 hypoechoic lesions and 3 hyperechoic lesions were
found in the six carrier rabbits with a mean size about 2.1±0.4
cm under conventional B mode ultrasound, no even echoic
lesions were found. They were oval or round in shape with a
clear outline or a hypoechoic halo at the margin of the lesions.
These images didn’t seem to be improved by SHI. Contrast
images under conventional B mode US also showed no
improvement at all, meanwhile, SHI revealed a short duration
of enhancement of the hepatic arteries and tumor lesions at
the early phase, and, an enhancement of the liver parenchyma
and an decreased echo at the later phase. A pronounced arterial
enhancement was also found at one side of the lesion, which may
be considered as the nutrient artery of the tumor. (Figures 1-3).

Figure 1 Image of VX2 tumor lesion under conventional B
mode US. Arrow indicates the VX2 tumor lesion at the anterior part of the right lobe. It is oval and hypoechoic with a
small hyperechoic scar at the center of the lesion.

Figure 2 Image of VX2 tumor lesion under conventional second
harmonic imaging. Arrow indicates the same VX2 tumor lesion
at the anterior part of the right lobe. The echogenicity of the lesion and the around liver parenchyma seem unchanged at all.

Figure 3 Contrast enhanced second harmonic image. It shows
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the enhancement of the liver arteries in the parenchyma, arrows indicate the afferent artery and its branches.

Figure 4 Conventional power Doppler image of the lesion.
Arrows indicate the clear afferent blood flow signals of the
lesion and its branches.

Figure 5 Contrast enhanced power Doppler image. It shows
the enhancement of the afferent arteries in the lesion, arrow
indicates especially the pronounced blooming artifacts around
the artery and its branches.

Figure 6 Contrast enhanced harmonic power Doppler image. It
shows the enhancement of the afferent arteries in the lesion,
arrow indicates the newly appeared intralesional blood signals
and less blooming artefacts around the artery and its branches.

Figure 7 Contrast enhanced harmonic power Doppler image
at a later stage. It shows the enhancement of the afferent arter-
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ies in the lesion, where intralesional blood signals and rare
blooming artefacts are observable around the artery and its
branches.

Changes of intralesional blood flow under CDFI, PDI and
harmonic PDI
Color Doppler flow imaging could only reveal a spot-like or
short bar-like flow signals around the lesion, and rarely reveal
intralesional flow signals (Figure 4). Contrast agent may
increase CDFI signals, but not so ideally as we expected.
PDI could reveal a clear bar-like flow signal at one side of
the lesion, and relatively more signals around and inside the
lesions as compared with CDFI (Figure 5). Contrast agent
can increase PDI signals quite remarkably from the instant
of injection of gas bubbles, and a short duration of blooming
artifacts were clearly seen, then the intralesional blood flow
signals and even its branches were well revealed (Figure 6).
These phenomena may better demonstrated what had been
revealed by contrast SHI described above. An interesting fact
was shown when tumor lesion was imaged under contrast
enhanced harmonic PDI. Under this situation, intralesional
and perilesional blood flow was much clearer and blooming
artifacts became less (Figure 7).
DISCUSSION
Ultrasound is the most common used imaging modality to scan
for focal liver lesions. Populations at a high risk of developing
either primary or secondary hepatic tumors are usually followed
up with US examination performed every 6 months in order to
detect malignant lesions at the early stage. Early detection of
either primary or secondary malignancies may greatly enhance
the possibilities of curative surgical operation or other ablation
treatments. The major limitation of US in the detection of small
tumor lesions is its sensitivity. However, the introduction of
microbubble contrast agents and the development of contrast
specific techniques have revealed many new prospects of US
detection and characteristics of focal liver tumor lesions.
Hepatic metastasis typically appears as multiple focal discrete
but solid lesions, and occasionally appears diffuse infiltrate
hepatic involvement. Metastasis[1-5], under conventional B mode
US, has a nonspecific appearance which shows hypoechoic,
hyperechoic, or mixed echogenicity. The sensitivity for total
tumor detection has been reported as 57 to 92 % with a
specificity of 76-96 %[6-8]. However, the reported sensitivity
of US is only about 41 % for accurate detection in the total
numbers of intrahepatic lesions[9]. Color Doppler flow imaging
and power Doppler imaging are often used in the differentiation
of hepatocellular carcinoma and metastatic liver lesions.
Tanaka et al[1] had reported a description of vascular pattern
on different hepatic malignancies using CDFI and PDI. In
particular, the basket and vessels- within-the-tumor pattern
were supposed to be characteristics of HCC, the spot pattern
more frequently appeared in hemangioma, and the detour
pattern was often seen in metastasis. PDI has already been
demonstrated to be superior to conventional CDFI, particularly
in depicting vessels in small tumors, and contrast enhanced
PDI may even increase the sensitivity of HCC to as high as
100 % in comparison with the conventional techniques[10-13].
While, metastatic liver lesions were usually considered as
hypovascular. Choi et al[8,21] had reported that most of the
metastatic lesions were absent of flow signals under both CDFI
and PDI. Another report revealed that in a series of 64 metastatic
liver lesions 67 % appeared avascular, and only 32 % of these
cases appeared intralesional flow signals in comparison to
76 % of HCC[14-18].
In our study, conventional B mode US and CDFI results
are in accord with other researches. However, contrast
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enhanced second harmonic imaging and harmonic PDI in this
study demonstrated that vascularity of metastasis might overlap
with that of HCC. Although metastatic lesion may be
considered as avascular under conventional ultrasonography,
the introduction of new techniques such as SHI and pulse
inversion harmonic imaging and the use of echo contrast agent
may greatly increase the sensitivity in cheking of perilesional
and intralesional vasculature. Even the nutrient artery of the
metastatic lesion could be clearly seen under these new
techniques. Therefore, we should reconsider the differentiating
criteria of HCC and metastasis, especially when lesions were
all less than 3 cm. The major problems in the use of power
Doppler were that the detected velocities were too slow in the
tumor, there were too many blooming artifacts associated with
microbubble injection, the duration of enhancement was short
and the were motion artifacts resulted from respiration[19-26].
Second harmonic imaging (SHI) US technique involves
transmitting at frequency f and receiving at frequency 2f, and
contrast enhanced echoes could be therefore obtained at second
harmonic frequency because of the non-linear motion of the
gas bubbles when destroyed by high acoustic pressures[27-29].
Thus, harmonic power Doppler US used in accord with contrast
agent might provide vascular information in detail, and at the
same time decreasing the artifacts associated with the contrast
agent[30-36]. Our findings confirmed that contrast enhanced
harmonic PDI could reveal increased color sensitivity of vessels
either inside the tumor lesion or in the surrounding liver
parenchyma with less blooming artifacts. It was suggested that
contrast enhanced harmonic PDI was convinced to be much
more superior to conventional CDFI, PDI and contrast
enhanced SHI.
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Abstract
AIM: To obtain an efficient delivery system for transporting
endostatin gene to mouse liver tumor xenografts by
administration of aerosol.
METHODS: Recombinant plasmid pcDNA3.0/endostatin
containing human endostatin gene together with signal
peptide from alkaline phosphatase were transferred into
human umbilical vein endothelial cell (HUVEC) by transferrin
(TF)-liposome-endostatin complex. Western blot was used
to detect the expression of human endostatin in transfected
HUVEC cells and its medium. After the tumor-bearing mice
were administrated with TF-liposome-endostatin complex,
the lung tissue was analyzed by immunohistochemical
method for expression of endostatin and the tumors were
treated with CD-31 antibody to detect the density of
microvesseles in tumor tissues. The inhibition of tumor
growth was estimated by the weight of tumors from groups
treated with different doses of TF-liposome-endostatin
complex. DNA fragmentation assay was used to detect the
apoptosis of the cells from primary liver tumor.
RESULTS: Western blot analysis and immunohistochemical
method confirmed the expression of endostatin protein in
vitro and in vivo. After the tumor sections were treated with
CD-31 antibody, the positive reaction cells appeared brown
while the negative cells were colorless. The positively stained
area of the TF-liposome-endostatin treated group was
significantly smaller (P<0.01, 645.8±55.2 µm2) than that of
the control group (1 325.4±198.5 µm2). The data showed a
significant inhibition of angiogenesis. After administration
of TF-liposome-endostatin, comparing with the control group
administrated with TF-liposome-pcDNA3.0, liver tumor
growth in the mice treated with 50, 250 and 500 mg DNA/
kg was inhibited by 36.6 %, 40.8 %, and 72.8 %, respectively
(P<0.01). And a typical DNA fragmentation of apoptosis was
found in the cells from tumor tissues of the mice treated
with TF-liposome-endostatin but none in the control group.
CONCLUSION: Endostatin gene could be efficiently
transported into the mice with TF-liposome-DNA delivery

system by administration of aerosol. TF-liposome-mediated
endostatin gene therapy strongly inhibited angiogenesis and
the growth of mouse xenograft liver tumors. It also could
promote the development of apoptosis of tumors without
direct influence on tumor cells.
Li X, Fu GF, Fan YR, Shi CF, Liu XJ, Xu GX, Wang JJ. Potent
inhibition of angiogenesis and liver tumor growth by administration
of an aerosol containing a transferrin-liposome-endostatin
complex. World J Gastroenterol 2003; 9(2): 262-266
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INTRODUCTION
Angiogenesis, the process of new blood vessel formation from
existing vessels, is essential for tumor progression and
metastasis[1-7]. Tumor cells stimulate angiogenesis by secretion
of angiogenic factors such as vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF)[8]. At the
same time, tumor cells also produce anti-angiogenic factors,
including angiostatin[9] and endostatin[10]. Tumor angiogenesis
is dependent upon the local balance of these positive and
negative regulators[11]. Inhibition of angiogenesis has been
shown to inhibit local tumor growth and metastasis[12]. Systemic
administration of endostatin in tumor-bearing mice has been
shown to keep the primary tumors in a dormant state[10], thereby
preventing tumor metastasis.
Clinical trials involving angiostatin and endostatin require
large quantities of recombinant proteins, which are difficult to
produce. In addition, these proteins do not maintain their
bioactivity and are hard to be administered systemically. Gene
therapy with endostatin employing a viral delivery system has
shown a high efficacy in inhibiting tumor growth and metastasis
in mice[13-15]. However, the safety issues in its usage make this
approach less attractive in human clinical trials. Nonviral gene
therapy with endostatin was reported[16, 17], but the efficiency
was rather low as compared with viral delivery systems. The
use of a cationic liposome-mediated gene transfer system
together with a transferrin ligand achieved high transfection
efficiency upon delivery of the p53 gene in mice[18]. In this
study, we evaluated the effect of aerosol administration of TFliposome-endostatin on liver tumor growth in mice. The results
indicated that TF-liposome-mediated endostatin gene therapy
strongly inhibited angiogenesis and the growth of mouse
xenograft liver tumors.
MATERIALS AND METHODS
Plasmid construction
The endostatin gene was obtained by PCR from a human liver
cDNA library (Clontech Co). Endostatin was digested with
EcoRI/XbaI and cloned in the EcoRI/XbaI site of pcDNA3.0
(Invitrogen Co). The sequence encoding the signal peptide from
alkaline phosphatase[19] was inserted into the HindIII/EcoRI site
upstream of endostatin and an epitope tag derived from influenza
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virus hemagglutinin A (HA) was fused in the EcoRI site between
the signal peptide and endostatin. Recombinant plasmid was
purified by QIA prep spin miniprep kit (QIAGEN Co).

Preparation of liposomes
Dried lipid films were prepared by solubilizing stearylamine,
phosphatidyl choline and cholesterol at a 2:7:1 molar ratio in
chloroform and subsequent removal of the chloroform by
evaporation[20]. The films were hydrated for 10 min with sterile
water at 60 and then vortexed to generate liposomes. After
hydration, the liposomes were sonicated on ice and filtered
(pore size 0.22 mm). The diameter of liposome was assessed
under scanning electron microscopy.
Formation of the TF-liposome-plasmid complex and
determination of the encapsulation coefficency
The TF-liposome-plasmid complexes were prepared using
10:1:1, 10:5:1, 10:10:1 or 10:20:1 (mg:nmol:mg) ratios of
TF:liposome:DNA. Liposomes and TF were mixed and
incubated for 20 min at room temperature. The purified plasmid
was then added to the solution, mixed immediately and
thoroughly, and incubated for a minimum of 20 min at room
temperature. The encapsulation coefficency of the TFliposome-plasmid complexes was determined by 7.5 g·L-1
agarose electrophoresis. The complexes were dissociated with
4 g·L-1 SDS.
Expression of endostatin in vitro
HUVEC cells were obtained from Shanghai Cellular Research
Institute and maintained in 1640 medium supplemented with
100 mL·L-1 fetal bovine serum. HUVEC cells were plated in
six-well plates at 2.5×105 cells/well, and transfected with TFliposome-plasmid complex containing 2 µg of purified plasmid.
The conditioned media were collected after 48 h and
concentrated in a microconcentrator (Amicon Co). And the
cells were harvested by centrifugation, mixed with sample
buffer and treated with sonic. The samples were subjected to
SDS-PAGE using 120 g·L-1 polyacrylamide gels, followed
by Western blot analysis. The primary monoclonal mouseanti-HA antibody (Babco Co) was used at 1:1 000 dilution
followed by goat anti-mouse IgG-HRP (Sino-American
Biotechnology Co) at 1:50 dilution. The membrane was
stained by DAB.
Treatment of tumor-bearing mice with TF-liposome-pcDNA3.
0/endostatin complexes
BALB/c male and female mice (obtained from the Animal
Center of Nanjing Medical University, China) weighing about
20 grams were used in this study. Mice were fed with a standard
rodent diet. Heps mouse liver tumor[21] (obtained from the
Animal Center of Chinese Academy of Sciences in Shanghai,
China) was minced thoroughly and cancer cells were obtained
at a concentration of 5×106 cells/mL. A total of 1×106 tumor
cells were inoculated under the skin of the right thigh for each
mouse. After 72 h inoculation, the tumor-bearing mice were
treated with the aerosol containing 50, 250 or 500 µg DNA/kg
of TF-liposome-pcDNA3.0/endostatin complexes (in 100 µL)
or 500 µg DNA/kg of TF-liposome-pcDNA3.0 vector
complexes every 72 h, for a total of five administrations. After
72 h of the fifth administration, mice were sacrificed and tumors
were excised and weighed. Inhibition of tumor growth was
determined using the formula: (Tumor weight of control group
-Tumor weight of treatment group)/tumor weight of control
group ×100 %.
Detection of expression of endostatin in vivo
Lung tissues were harvested after sacrificing the mice and the
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expression of endostatin was assayed by immunohistochemistry.
They were then fixed in 40 g·L-1 paraformaldehyde and frozen.
The sections of 20 µm were cut and mounted on glass slides.
The sections were subsequently treated with 0.1 mol·L-1 PBS
(pH 7.0) for 5 min, and methanol mixed with 3 mL·L-1 H2O2
for 10 min. The sections were blocked with 10 g·L-1 milk in
PBS, incubated at 37
for 2 h with a 1:1 000 dilution of a
monoclonal mouse anti-HA antibody, followed by 1 h
incubation at 37 of 1:25 dilutions of goat-anti-mouse IgGHRP. The sections were stained with 0.5 mL·L-1 DAB mixed
with 0.3 mL·L-1 H2O2.

Immunohistochemistry
Mice were sacrificed after 18 days of treatment. Tumors were
excised and fixed in 40 g·L-1 paraformaldehyde. Tumor tissues
were frozen, and 20 µm sections were cut and mounted on
glass slides. Sections were treated as described above. The
primary CD-31 monoclonal rat anti-mouse antibody
(Pharmingen Co) was diluted 200 times. The secondary
antibody was a 1:25 dilution of goat anti-rat IgG-HRP
(Kirkegaard & Perry Laboratories Co). Sections were stained
with DAB as described above.
DNA fragmentation assay
The tumor tissues were excised and homogenized thoroughly.
Following centrifugation at 3 000×g at 4 for 5 min, the pellets
were resuspended in a lysis buffer containing 10 mmol·L-1 TrisHCl buffer (pH8.0), 10 mmol·L-1 EDTA, 10 g·L-1 SDS, 20
mg·L-1 DNase-free RNase and 200 mg·L-1 of proteinase K. After
overnight incubation at 37 , the DNA was purified by phenol/
chloroform extraction, precipitated, and resuspended in TE
buffer (pH 7.4). Ten mg DNA was subjected to electrophoresis
on a 15 g·L-1 agarose gel containing 0.5 mg·L-1 ethidium
bromide and visualized under UV light. Electrophoresis was
carried out in TE buffer (pH 8.0) at 20V for 8 h.
RESULTS
Detection of liposome diameter and encapsulation coefficiency
of the TF-liposome-plasmid complex
Prepared liposomes were observed under scanning electron
microscopy at 10 000 fold magnification. The mean diameter
of the liposomes was about 180-220 nm. After formation of
the TF-liposome-pcDNA3.0/endostatin complex, the
encapsulation coefficiency was determined by 7.5 g·L-1 agarose
gel electrophoresis (Figure 1). The results showed that the
encapsulation coefficiency rose with increased ratio of
liposome:DNA. Moreover, at a TF:liposome:DNA ratio of
10:10:1 (mg/nmol/mg), the encapsulation coefficiency was
higher than 98 %.
1
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Figure 1 Determination of encapsulation coefficiency. Lane 1:
pure pcDNA3.0/endostatin plasmid, lanes 2-5: TF:liposome:
DNA (mg:nmol:mg) at a ratio of 10:1:1, 10:5:1, 10:10:1 and
10:20:1. Lanes 6-7: complexes dissociated with 4 g·L-1 SDS.
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Expression of endostatin in vitro and in vivo
The in vitro expression of endostatin was detected by Western
blot analysis. Distinct bands at around 22 kDa, the predicted
molecular weight for the recombinant endostatin, were visualized
in the supernatant and HUVEC cells transfected with pcDNA3.0/
endostatin but not in the supernatant or HUVEC cells transfected
with pcDNA3.0 (Figure 2). The in vivo expression of endostatin
was detected by immunohistochemistry. After five
administrations of the TF-liposome-pcDNA3.0/endostatin
complex, the lung tissue was harvested and sectioned. Staining
with an anti-HA antibody revealed positive cells containing
endostatin in the sections of the treated group, whereas control
sections were negative (Figure 3).
1

2
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4
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Endostatin inhibits angiogenesis in primary tumors
Immunohistochemical analysis showed a potent inhibition of
angiogenesis in the tumors treated with the TF-liposomepcDNA3.0/endostatin complex. Blood vessels were counted
in three areas of each tumor section. There were significantly
(P<0.01) less microvessels in the tumors of treated mice versus
control mice after staining of the tumor tissues with a rat antimouse CD-31 monoclonal antibody (Figure 5).
Control

50 µg/kg

250 µg/kg

22 kDa

A

500 µg/kg
6
Weight of tumors (g)

Figure 2 Expression of endostatin in vitro. Lane 1: HUVEC
cells transfected with pcDNA3.0/endostatin; lane 2: supernatant of HUVEC cells transfected with pcDNA3.0/endostatin;
lane 3: HUVEC cells transfected with pcDNA3.0; lane 4: supernatant of HUVEC cells transfected with pcDNA3.0.

5
4
3
2
1
0

A

B

Control 50 µg/kg 250 µg/kg 500 µg/kg

B

Figure 4 TF-liposome containing endostatin inhibits tumors
growth. A: Tumors excised from mice treated with different doses
of TF-liposome-pcDNA3.0/endostatin, or with TF-liposomepcDNA3.0 (negative control). B: Tumor weight of mice treated
with TF-liposome-pcDNA3.0/endostatin or TF-liposomepcDNA3.0 vector. Each bar represents the mean ± SD for six mice.

A

Figure 3 Expression of pcDNA3.0/endostatin in vivo. The lung
tissue sections from mice treated with TF-liposome-pcDNA3.0/
endostatin (A) and from mice treated with TF-liposomepcDNA3.0 (B) were treated with anti-HA antibody.

Endostatin inhibits the growth of primary liver tumors
To determine the efficacy of the TF-liposome-endostatin
complex on tumor growth, we treated tumor-bearing mice with
aerosol containing the complex. Tumor growth in the mice
treated with 50, 250 and 500 mg DNA/kg was inhibited by
36.6 %, 40.8 %, and 72.8 %, respectively (P<0.01). We
concluded that the growth of primary tumors was significantly
suppressed by systemic therapy with TF-liposome-pcDNA3.0/
endostatin in a dose-dependent manner (Figure 4).

B
Figure 5 Reduced angiogenesis in TF-liposome-pcDNA3.0/
endostatin treated tumors. Tumor sections from mice treated
with TF-liposome-pcDNA3.0 (A) or treated with TF-liposome-
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pcDNA3.0/endostatin (B) were stained with a CD-31 monoclonal antibody. CD-31-positive cells were brown whereas
negative cells colorless in stain.

Quantitation of vessel density was determined under
microscopicopy of the areas of brown (positive) and colorless
(negative) staining at 432-fold magnification. One unit visual
field encompassed 128×128 pixels. The positively stained
area of the endostatin-treated group was significantly lower
(P<0.01, 645.8±55.2 µm2, mean ± SD) than that of the control
group (1 325.4±198.5 µm2, mean ± SD), which showed that
the TF-liposome-pcDNA3.0/endostatin complex blocked
tumor angiogenesis, while the TF-liposome-pcDNA3.0 vector
complex, as a negative control, did not block angiogenesis,
which indicated that the inhibition of angiogenesis was caused
by the introduced endostatin gene.

Induction of apoptosis in tumor cells by introduced
endostatin gene
Fragmentation of cellular DNA represents a main change in
the nuclei of cells undergoing apoptosis. Administration of
the TF-liposome-pcDNA3.0/endostatin complex resulted in the
typical DNA ladder pattern in apoptotic cells of tumor tissues
(Figure 6). However, no DNA fragmentation could be detected
in the tumor tissues from mice treated with the empty vector
complex. The results showed that the introduced endostatin
gene blocked angiogenesis accompanied by induction of
apoptosis in liver tumors.
1

1 000
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Figure 6 The introduced endostatin gene induces apoptosis in
cells of tumor tissues. DNA was extracted from tumors and
DNA fragmentation identified on a 15 g·L-1 agarose gel. Lane
1: the DNA molecular weight marker; lane 2: DNA from mice
treated with TF-liposome-pcDNA3.0 vector; lane 3: DNA from
mice treated with TF-liposome-pcDNA3.0/endostatin.

DISCUSSION
Inhibition of angiogenesis has recently been acknowledged as
a promising strategy to treat cancer. Endostatin, an endogenous
angiogenesis inhibitor, specifically suppresses endothelial cell
proliferation, thereby acting as a competitor for angiogenesis
inducers secreted by tumor cells. The use of endostatin may
serve as an attractive new strategy in cancer therapy [22-25].
However, poor solubility of the endostatin protein together
with a high effective dose hampered its widespread application,
although high and continuous endostatin expression can be
obtained by direct induction of the endostatin gene in vivo.
In recent years, great progress has been made in anti-cancer
gene therapy and different gene delivery systems, based on
retroviruses[15,26,27], adenoviruses[14,28] and liposomes have been
used in animals. Liposomes are considered to provide a safer
gene therapy delivery method, and can be administered
intravenously, intramuscularly, intraperitoneally, or by
intratracheal injection[17,18,20,29]. We used a transferrin facilitated
liposome delivery of the endostatin gene by aerosol
administration in our experiments. This method provides
several advantages: (1) Lung tissue and airways cover a large
surface area, therefore the introduced gene can be expressed
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efficiently in the lung. (2) TF enhances the efficiency of gene
expression and transfection by facilitating the entry of DNA
into the cells. (3) Recent liposome toxicity studies in the lungs
of humans and several animal species show that liposomes cause
no or minimal host inflammatory and immune responses[30,31].
(4) Aerosol administration is convenient and can be performed
repeatedly by the patients themselves.
In the TF-liposome-DNA mediated gene transfer system,
transferrin facilitated the delivery of DNA by binding to its
receptors. The liposomes along with the DNA were internalized
by fusion with the plasma membrane and underwent receptormediated endocytosis. Following the internalization of the TFliposome-DNA-TF receptor complex, transferrin may facilitate
the escape of DNA from the endosome. So the transfection
efficiency was improved by this transfer system[18,32]. Indeed,
the degree of inhibition of tumor growth (72.8 %) in our studies
was greater than that reported by another group (49 %)[17], who
used liposomes alone to deliver the endostatin gene.
The potent antiangiogenic effect of endostatin can
specifically inhibit the proliferation and migration of
endothelial cells and subsequently promote the development
of apoptosis and atrophy of tumors without direct influence
on tumor cell or nonneoplastic cell growth[33-35]. Our results
demonstrated that typical DNA fragmentation was found in
the nuclei of cells from tumor tissues of the mice treated with
TF-liposome-pcDNA3.0/endostatin complexes, but not in the
control group.
In conclusion, our results showed a strong inhibition of
angiogenesis and tumor growth in mice after administration
of the TF-liposome-endostatin plasmid complex. This suggests
that TF-liposome-DNA complexes can be utilized as an
efficient method for anti-angiogenic gene delivery to tumors
in the gene therapy for cancers.
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Abstract
AIM: To investigate the serum level and expression of insulin
growth factor II (IGF-II) in liver tissues of rats with early
experimental hepatocellular carcinomas (HCC) and its
significance in early diagnosis.
METHODS: Early experimental hepatocellular carcinomas
were induced by diethylnitrosamine (DENA) in 180 male SD
rats. Another 20 male SD rats served as control. The IGF-II
serum level was measured by ELISA. Immunohistochemistry
and electron microscopic immunohistochemistry were used
to observe the expression of IGF-II in normal and tumor
liver tissues and its ultrastructural location in malignant
hepatocytes. The expressions of IGF-II in human hepatoma
cell lines HepG2, SMMC7721 and human embryonic liver
cell line L-02 were measured by immunocytochemistry. IGFII mRNA level was studied by in situ hybridization.
RESULTS: IGF-II was expressed in the cytoplasm of both
sinusoidal cells in paracancerous cirrhotic liver tissue and
malignant hepatocytes in early experimental HCC tissues.
Gold particles were seen on the rough endoplasmic reticulum
and the mitochondrion in malignant hepatocytes. IGF-II was
expressed in the human hepatoma cell lines. The mRNA
level of IGF-II was higher in rat liver tumor tissue than in
normal rat liver tissue. The serum IGF-II level of the early
experimental HCC group was 34.67±10.53 ng·ml-1 and that
of the control group was 11.75±5.84 ng·ml-1. The rank sum
test was used for statistical analysis. There was a significant
difference between the two groups (P<0.01).
CONCLUSION: During the induction of early experimental
HCC by DENA, IGF-II may promote hepatocytic proliferation
via a paracrine mechanism in the pre-cancerous stage. When
hepatocytes are transformed into malignant cells, they may
secrete IGF-II and promote malignant cell proliferation by
an autocrine mechanism. IGF-II may be a possible biological
marker in the early diagnosis of HCC.
Wang Z, Ruan YB, Guan Y, Liu SH. Expression of IGF-II in early
experimental hepatocellular carcinomas and its significance in
early diagnosis. World J Gastroenterol 2003; 9(2): 267-270
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INTRODUCTION
IGF-II is a 67-amino-acid polypeptide growth factor which is
mainly produced by liver cells and is crucial in normal fetal
growth[1-2]. The main researches about the relationship between
IGF-II and HCC have been focused on: (1) the mechanism of
IGF-II in the development of HCC[3-6], (2) to decrease the
expression of IGF-II searching the treatment mothods for
HCC[7-9], and (3) its prognostic significance[10]. Although IGFII is believed to be implicated in normal and neoplastic liver
growth, the mechanism of IGF-II in early hepatocellular
carcinomas development and its significance in the early
diagnosis of such cancer are unclear. So we used ELISA,
immunohistochemistry, electron microscopic
immunocytochemistry and in situ hybridization to search for
possible answers to the questions.
MATERIALS AND METHODS
Animal model and tissue preparation
180 male SD rats were given DENA (diethylnitrosamine), once
every week for 17 weeks in a dose of 70 mg/kg, to induce
early experimental HCC. In the control group, 20 male SD
rats were maintained on a standard laboratory diet and tap
water. From the 4th week, 2 random experimental rats were
sacrificed at the end of every week for pathological study of
their livers. The remainder were killed at the 17th week for
study. Sera were collected and stored at -70 . Liver tissues
were fixed in 40 ml·L -1 paraformaldehyde or 40 ml·L -1
paraformaldehyde containing 5 ml·L-1glutaraldehyde for light
and electron microscopic studies.
Cell lines culture
Human hepatoma cell lines HepG2 and SMMC7721, and
human embryonic liver cell line L-02 (Wuhan University Cell
Center) in PRMI 1640 (GIBCO), with 100 ml·L-1 fetal calf
serum (GIBCO), and 37 , 50 ml·L-1 CO2.
ELISA detection for the serum level of IGF-II
100 ul of goat anti-IGF-II polyclonal antibody (Santa Cruz
Co.) (25 ug/ml in 0.1 mol/L NaHCO3) was put into each well
of a 96-well ELISA plate, and incubated for 36 hours at 4 .
Nonspecific protein binding was blocked by 100 ul, 10 ml·L-1
bovine serum albumin. Then 100 ul of sera of rat and
recombinant human IGF-II (Pepro Tech Co.) were separately
added to the wells, 1 hour at 37 . The 100 ul of Rabbit antiIGF-II polyclonal antibody (Santa Cruz Co.) (1:200 dilution)
was added to the wells, 1 hour at 37 . HRP-conjugated goat
anti-rabbit immunoglobulin (Southern Biotech Co.) (1:2 000
dilution), 100 ul, 1 hour at 37 . Binding was developed with
ortho-phenylene diamine. Absorbance was read at 490 nm.
During the performance, washing the plate was according to
the ELISA routine method.
Immunohistochemical detection for IGF-II expression in early
experimental HCC tissues
Immunohistochemical detection was made using rabbit antiIGF-II polyclonal antibody (Santa Cruz Co.) by SABC
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technique. The experiment was performed following the
manufacturer’s recommendation of the SABC kit (Beijing
Zhongshan Bioech Co.).

Immunocytochemical detection for IGF-II expression in
human cell lines
Human hepatoma cell lines HepG2 and SMMC7721 and
human embryonic cell line L-02 were cultivated to let them
climb on coverslips, which then fixed in acetone at -20 for
10 minutes. The antibody, SABC kit and experimental method
were the same as those for the immunohistochemical detection.
Electron microscopic immunocytochemistry for IGF-II
ultrastructural location in malignant hepatocytes
Early experimental HCC tissues were cut into 500 nm ultrathin
sections, and the sections were etched in 10 % hydrogen
peroxide solution for 10 minutes at room temperature. After
the grids were drained, the sections were placed into 40 ml·L-1
BSA solution, and then were treated overnight at 4
with
rabbit anti-IGF-II polyclonal antibody (1:50 dilution). The
sections were incubated with colloidal gold (5 nM) conjugated
goat anti-rabbit IgG (Wuhan Best Co.) (1:40 dilution), 37 ,
10 minutes. The sections were examined with a transmission
electron microscopy after counter staining. The solution for
diluting antibody replacing the rabbit anti-IGF-II polyclonal
antibody for those sections served as the negative control.
In situ hybridization detection for IGF-II mRNA level in early
experimental HCC tissues
IGF-II in situ hybridization kit was purchased from the Wuhan
Best Co. The experiment was conducted according to the
manual of the kit.

Figure 1 IGF-II expression in the cytoplasm of sinusoidal cells
in the paracancerous cirrhotic tissues. Immunohistochemical
staining, ×200.

Figure 2 IGF-II expression in the cytoplasm of SMMC7721 cell
line. Immunocytochemical staining, ×200.

Statistical analysis
SAS software and Rank Sum Test were used for statistical
analysis.
RESULTS
Microscopic observation and histopathological examination
In the DENA group, the liver surfaces were covered with
scattered small white nodules in the 4th week. In the 17th week,
the diameter of the largest nodule was 8 mm. These rats were
diagnosed as having early experimental hepatocellular
carcinomas. The rat livers in the control group showed no
pathological changes.
IGF-II serum level of early experimental HCC
The mean ± standard deviation of IGF-II serum level was
34.67±10.53 ng·ml-1 in the DENA group and 11.75±5.84 ng·ml-1
in the control group. There was significant difference between
the two groups (P<0.01).

Figure 3 Colloidal gold particles in rough endoplasmic reticulum (⇑), mitochondrion ( ), nucleus and paranuclear region
( ). Electron microscopic immunocytochemical staining for
IGF-II, ×16 000.

Expression of IGF-II in early experimental HCC tissues
Strong immunostaining of IGF-II was seen in the cytoplasm
of sinusoidal cell in paracancerous cirrhotic tissues (Figure 1)
and the malignant hepatocytes in HCC tissues. Only a few
hepatocytes in paracancerous tissues had weakly positive
expression. In the control group, however, the liver tissues
showed no positive results.
Expression of IGF-II in human cell lines
Human hepatoma cell lines HepG2 and SMMC7721 and
human embryonic liver cell line L-02 all expressed IGF-II.
The positive immunolocalization of the three cell lines was in
the cytoplasm. SMMC7721 cell line showed the most strongly
positive immunostaining (Figure 2).

Figure 4 Expression of IGF-II mRNA in the cytoplasm of malignant hepatocytes. In situ hybridization, ×200.

Wang Z et al. IGF-II expression in early experimental hepatocellular carcinomas

269

Ultrastructural localization of IGF-II in malignant hepatocytes
of early experimental HCC tissues
Electron microscopic immunocytochemistry confirmed the light
microscopic findings. Gold particles were seen in the rough
endoplasmic reticulum, mitochondrion and the paranuclear
region of malignant hepatocytes. A few gold particles were found
in the nuclei of malignant hepatocytes (Figure 3). The negative
control sections did not show positive results.

significantly lower in primary hepatocellular carcinomas than
in control[36], but we haven’t found any report on the serum
IGF-II level in early HCC. So it is possible that serum IGF-II
level increases temporarily in early HCC and then decreases
gradually in the process of HCC development, IGF-II maybe
a biological marker in the early diagnosis of HCC.

IGF-II mRNA level in early experimental HCC tissues
IGF-II mRNA was distributed in the cytoplasm of hepatocytes
in the tissues of early experimental HCC, and IGF-II mRNA
was overexpressed in HCC tissues (Figure 4).

1

DISCUSSION
Among the many growth factors, the insulin-like growth factor,
transformation growth factor-α and hepatocyte growth factor
are mostly strongly implicated in normal and neoplastic liver
growth[11-17]. IGF-II exerts its effect via two specific high affinity
receptors, IGF1R and M6P/IGF2R, in paracrine and autocrine
manner[18-22]. IGF1R is a transmembrane glycoprotein which
exists on the surface of hepatocytes with an intracellular
tyrosine kinase domine. M6P/IGF2R is a single chain
polypeptide associated with a G-protein signal pathway. In the
present study, it has clearly been shown that: (1) the sinusoidal
cells in paracancerous cirrhotic nodule tissues expressed IGFII; (2) the malignant hepatocytes in rat early experimental HCC
tissues expressed IGF-II. As we know that liver cirrhotic
nodules are the pre-cancerous condition of HCC[23], so it is
clearly suggested that, in the pre-cancerous condition, IGF-II
mediated hepatocyte proliferation mainly via IGF1R by a
paracrine mechanism. However, after the hepatocytes were
transformed into malignant cells, they could secrete IGF-II
themselves, suggesting that IGF-II mediated malignant
hepatocytes proliferation in an autocrine manner at that time
and that M6P/IGF2R might be involved. Although several
reports have shown that M6P/IGF2R protein and mRNA level
were reduced and that the M6P/IGF2R gene had loss of
heterozygosity in HCC [24,25], Gomez-Angelats and Wada
reported that no mutation was found in the M6P/IGF2R gene
in the model of rat hepatocarcinogenesis and human HCC[26,27].
By electron microscopic immunocytochemistry, we found that
IGF-II existed in the mitochondria of malignant hepatocytes.
M6P/IGF2R is a G-protein receptor which is closely related to
mitochondrion. So we favor Gomez-Angelats’ view that M6P/
IGF-II was in an activated condition in the process of rat
hepatocarcinogenesis.
Human hepatoma cell lines HepG2 and SMMC7721
expressed IGF-II strongly. This fact confirms the above
postulate in another aspect, i.e., IGF-II could be secreted by
malignant hepatocytes themselves and stimulate their
proliferation via an autocrine mechanism. Human embryonic
liver cell line L-02 expressed IGF-II too, suggesting that
hepatoma cells may regain some embryonic development
characteristics, like α-FP secretion.
α-FP is a diagnostic marker of HCC, but its significance
in the early diagnosis of HCC is unclear and the positive rate
is not high[28-30]. In our research, the serum IGF-II level in the
rat early experimental HCC group was significantly higher than
that of the control group. IGF-II is a polypeptide hormone
secreted by many organs of the fetus. After birth, however, it
is mainly produced by liver cells[31,32]. We may postulate that,
in rat early experimental HCC, extrahepatic organs may regain
the ability to secrete IGF-II and that their intrahepatic cells express
IGF-II more strongly than those in normal condition[33,35]. These
might be the main reasons for the increase in serum IGF-II
level. Hayakawa reported that the serum level of IGF-II was
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Abstract
AIM: Many growth factors, such as epidermal growth factor
(EGF), are associated with the carcinogenesis. EGF plays its
role in the proliferation of hepatoma cells through binding
with EGF receptor (EGFR) and a series of signal transduction.
But the postreceptor pathway is still not clear. In the present
experiment, we studied the effect of tyrosine kinase, protein
kinase C, Na +/H + exchange, calmodulin and voltagedependent Ca2+ channel on EGF-induced hepatoma cell
proliferation.
METHODS: Hepatoma cell line SMMC7721 was cultured in
RPMI1640 serum-free medium. In order to study the effect
of thyrosine kinase, protein kinase C, Na+/H+ exchange,
calmodulin and voltage-dependent Ca2+ channel on human
heptoma cell proliferation induced by epidermal growth factor
(EGF), DNA synthesis rate of hepatoma cells was measured
by the method of 3H-TdR incorporation.
RESULTS: EGF (10-9 M) stimulated the proliferation of heptoma
cells significantly (3H-TdR incorporation was 1 880±281 cpm/
well, P<0.05), and this effect was significantly inhibited by
tyrosine kinase inhibitor genistein (3H-TdR incorporation was
808±209 cpm/well, P<0.001). Calmodulin inhibitor W-7, protein
kinase C inhibitor H-7 and Na+/H+ exchange inhibitor amiloride
individually had significant inhibiting effect on EGF-induced
proliferation of hepatoma cells (3H-TdR incorporation was
978±87.3 cpm/well, 1 241±147 cpm/well, 1 380±189 cpm/
well, respectivly, P<0.001, P<0.01, P<0.05), but they all
had no effect on the basal level proliferation of cultured
hepatoma cells (3H-TdR incorporation was 1 284±260 cpm/
well, 1 179±150 cpm/well, 1 392±152 cpm/well, respectivly,
3
H-TdR incorporation of the control was 1 353±175 cpm/
well, P>0.05). Voltage-dependent Ca2+ channel inhibitor
verapamil had no inhibition on EGF-induced proliferation of
hepatoma cells (3H-TdR incorporation was 1 637±133 cpm/
well, P>0.05), it also had no effect on the basal level
proliferation of cultured hepatoma cells (3H-TdR incorporation
was 1 196±112 cpm/well, P>0.05).
CONCLUSION: Our data suggest that tyrosine kinase, Ca2+calmodulin-dependent pathway, protein kinase C and Na+/

H+ exchange play a critical role in EGF-induced proliferation
of hepatoma cells and that the effect of EGF is independent
of voltage-dependent Ca2+ channel.
Wu WB, Wu Y, Wang JL, Lin JS, Yuan SY, Li A, Cui WR.Study on
the mechanism of epidermal growth factor-induced proliferation
of hepatoma cells. World J Gastroenterol 2003; 9(2): 271-275
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INTRODUCTION
Most hepatocellular carcinoma (HCC) is associated with
cirrhosis, a condition in which liver cell necrosis coexists with
inflammation and hepatocellular regeneration. HCC arising in
cirrhotic livers is exposed to a number of growth factors
mediating hepatocellular regeneration. Epidermal growth
factor (EGF) is one of them.
EGF is a single strand polypeptide composed of 53 amino
acid and has implicated in the regulation of a wide variety of
physiological and pathological processes including embryo
genesis, growth, tissue repair, regeneration and neoplasia. EGF
inhibits gastric acid secretion and has a cytoprotective effect
on stomach tissue, EGF has been of clinical interest for the
treatment of acid hypersecretion and the healing of ulcers. EGF
has been implicated as a hepatotrophic factor during liver
regeneration, has protective effect during hepatic damage
through inducing the DNA synthesis of hepatic cells[1-4]. EGF
also induces DNA synthesis of hepatoma cells and promotes
the occurrence and expansion of hepatoma[5,6].
EGF exerts its biologic effects by binding with the EGF
receptor (EGFR), a type of transmembrane glucoprotein with a
molecule of 170kD. The primary structure of its intramembranous
part is associated with the expression of oncogene erb-B. The
intracellular part of EGFR has tyrosine kinase activity. EGFR is
overexpressed in various carcinoma, such as hepatoma[7-9], gastric
carcinoma[10-14], colon carcinoma[15-20], lung carcinoma[21-23] and
prostatic carcinoma[24-28], and also associated with the histologic
types and invasiveness of the tumor[29-32]. Many growth factors
have the effect of promoting cells proliferation and malignant
transformation by binding with EGFR such as EGF, heparin
binding EGF (HB-EGF)[33,34], transforming growth factor β
(TGF-β)[35,36] and hepatopoientin[37,38]. After the integration of
HBV-X gene into hepatic cells, EGFR was activated and
overexpressed, which induced liver carcinogenesis[39].
In general, EGF induces tumor cell division and proliferation
through a series of signal transduction by binding with EGF
receptor (EGFR) and activating its thyrosine protein kinase
and phosphorating itself and its protein substrate[40]. This
postreceptor singnal transduction is associated with
phosphatidylinositol pathway[41]. But the exact mechanism is
still not clear.
In this report, we have characterized the anti-tumor activity
of tyrosine kinase, calmodulin, protein kinase C, Na+/H +
exchange and voltage-dependent Ca2+ channel inhibitors. The
SMMC7721 cell line cultured in serum-free medium was used
in this study.
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MATERIALS AND METHODS
Reagents
All chemicals were purchased from sigma chemical CO. (St.
Louis. Mo. USA) unless otherwise stated. 3H-TdR was
purchased from the Institute of Nuclear Power of China.
Verapamil, streptomycin, penicillin and 0.5 % hydrocortisone
were clinical medicines.

3

Cell culture
SMMC7721 cells were stored in our laboratory and cultured
in RPMI1640 serum-free medium. Briefly, SMMC7721 cells
were grown in RPMI1640 supplemented with 5 µg/ml
transferrin, 20 µU/ml insulin, 0.4 µg/ml hydrocortisone and
100 µg/ml streptomycin and penicillin.

Statistical analysis
Two-side t test was used to examine the significant difference
between groups.

3

H-TdR incorporation (cpm/well)

RESULTS
Effect of genistein on EGF-induced growth of hepatoma cells
Genistein is a tyrosine kinase inhibitor. EGF (10-9M) stimulated
the growth of hepatoma cells significantly compared with the
control (P<0.05). EGF-induced 3H-TdR incorporation was
reduced from 1 880±281 cpm/well to 808±209 cpm/well by
genistein (P<0.001, Figure 1).
2 500

a

2 000
1 500

c

1 000
500
0
EGF10-9M

Control

EGF10-9M+Genistein

Figure 1 Effect of genistein on EGF-induced 3H-TdR incorporation into hepatoma cells. n=6, x ± s, a P<0.05, vs control;
c
P<0.001, vs EGF 10-9M.

Effect of W-7 on EGF-induced growth of hepatoma cells
W-7 is a calmodulin inhibitor. W-7 (25 µmol/L) alone had no
effect on 3H-TdR incorporation, the incorporation of W-7 group
and control were 1 284±260 cpm/well and 1 353±175 cpm/
well, respectively (P>0.05). When W-7 was added with EGF
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EGF10-9M

EGF10-9M+W-7

W-7

Control

Effect of verapamil on EGF-induced growth of hepatoma cells
Verapamil is voltage-dependent Ca2+ channel inhibitor. As
shown in Figure3, verapamil (100 µmol/L) alone had no effect
on 3H-TdR incorporation, the incorporation of verapamil group
and control were 1 196±112 cpm/well and 1 353±175 cpm/well,
respectively (P>0.05). When verapamil (100 µmol/L) was used
with EGF (10-9M), the incorporation was 1637±133 cpm/well,
which was not significantly different from the incorporation
with EGF (10-9M) alone (1 880±281 cpm/well, P>0.05).
H-TdR incorporation (cpm/well)

DNA synthesis rate of hepatoma cells
The DNA synthesis rates were measured by the method of 3HTdR incorporation. The hepatoma cells were seeded into 96
well plates at a density of 1×104/well and incubated with serumfree RPMI1640. After 24 hours, fresh medium was changed,
and reagents added. After incubation for 18 hours the medium
was then replaced with fresh medium containing 3H-TdR 0.5
µci/ml for another 6 hours. The cells were finally lysed with
0.33 mol/L HCl, 3H-TdR incorporation was determined with a
β-counter.

2 500

Figure 2 Effect of W-7 on EGF-induced 3H-TdR incorporation
into hepatoma cells. n=6, x±s aP<0.001 vs W-7 group; cP>0.05
vs control.
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Experiment program
Eleven groups were separated in the experiment: (1) control,
(2) EGF (10-9M), (3) W-7, (4) verapamil, (5) W-7+EGF, (6)
verapamil+EGF, (7) genistein+EGF, (8) H-7, (9) H-7+EGF,
(10) amiloride, (11) amiloride+EGF.
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(10-9M), the effect of EGF on the growth of hepatoma cells
was inhibited significantly, the incorporation (978±87.3 cpm/
well) was significantly lower than that of EGF (10-9M) group
(1 880±281 cpm/well) (P<0.001, Figure2).
H-TdR incorporation (cpm/well)
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Figure 3 Effect of verapamil on EGF-induced 3H-TdR incorporation into hepatoma cells. n=6, x±s aP>0.05 vs EGF10-9M
group; cP>0.05 vs control.

Effect of H-7 on EGF-induced growth of hepatoma cells
H-7 is a specific inhibitor of protein kinase C. H-7 (50 µmol/
L) alone had no effect on the basal level 3H-TdR incorporation,
the incorporation of H-7 group and control were 1 179±150
cpm/well and 1 353±175 cpm/well, respectively (P>0.05).
When H-7 was used together with EGF (10-9M), the effect of
EGF on the proliferation of hepatoma cells was inhibited
significantly, the incorporation (1 241±147 cpm/well) was
significantly lower than that of EGF group (1 880±281 cpm/
well, P<0.01) (Figure4).
Effect of Na +/H + exchange on EGF-induced growth of
hepatoma cells
Amiloride is an inhibitor of Na+/H+ exchange. As shown in
Figure 5, amiloride (0.1 mmol/L) alone had no effect on 3HTdR incorporation, the incorporation of amiloride group and
control were 1 392±152 cpm/well and 1 353±175 cpm/well,
respectively (P>0.05). When amiloride (0.1 mmol/L) was used
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H-TdR incorporation (cpm/well)

with EGF (10-9M), the effect of EGF on the proliferation of
hepatoma cells was inhibited significantly, the incorporation
(1 380±189 cpm/well) was significantly lower than that of EGF
group (1 880±281 cpm/well, P<0.05) (Figure 5).

H-7

Control

3

H-TdR incorporation (cpm/well)

Figure 4 Effect of H-7 on EGF-induced 3H-TdR incorporation
into hepatoma cells. n=6, x±s, aP>0.05 compared with control;
b
P<0.01 vs EGF 10-9M group; cP<0.05 vs control.
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Figure 5 Effect of amiloride on EGF-induced 3H-TdR incorporation into hepatoma cells. n=6, x±s, aP>0.05 vs control; cP<0.05
vs EGF (10-9M) group.

DISCUSSION
In this study, we demonstrated that EGF (10-9M) had strong
stimulation on the growth of hepatoma cells. It is well
documented that EGF binds with the EGFR and activates the
tyrosine kinase of the receptor. In this paper, the tyrosine kinase
inhibitor genistein effectively blocked the growth of hepatoma
cells induced by EGF.
Introcellular Ca2+ is one of critical factors maintaining the
intracellular homeostasis. The concentration of Ca2+ in the cell
plasma is about 10-7 mol/L, which is far lower than extracellular
concentration of 10 -3 mol/L. The enhancement of the
intracellular Ca2+ concentration is achieved in two ways: one
is the membrane depolarization, the other is the release from
the intracellular stores intervened by phosphatidylinositol 1,4,
5-triphosphate (IP3). When the concentration of the intracellular
Ca2+ rises to 5 folds above normal, the Ca2+ pump will be
activated and put the Ca2+ out of the cell. Intracellular Ca2+ is
the cofactor of many critical enzymes and functional proteins,
and is an important intracellular messenger.
Studies demonstrate that in hepatoma cells EGF and other
Ca2+ mobilizing hormones stimulate the rapid formation of IP3
and a concomitant rise in cytosolic Ca2+, apparently mobilized
from intracellular stores[42]. Ca2+-binding protein regucalcin
plays a role in the maintenance of intracellular Ca 2+
homeostasis, and inhibits Ca2+-activated DNA fragmentation.
Regucalcin may play a physiological role in the control of overprolifertive cells[43].
In this experiment, the calmodulin inhibitor W-7 was used
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with EGF, and it significantly inhibited the growth of hepatoma
cells induced by EGF, but it showed no effect on the growth
of hepatoma cell when used alone. On the contrary, voltagedependent Ca2+ channel inhibitor verapamil had no effect on
the growth of hepatoma cells induced by EGF. It is suggested
that Ca2+-calmodulin-dependent pathway plays a critical role
on the proliferation of heptoma cells induced by EGF, and the
effect of EGF is independent of voltage-dependent Ca2+ channel.
In the signal transduction pathway of phosphatidylinositol,
activators bind with the cell surface receptor and activate
phospholipase C (PLC)-β through G protein. PLC catalyzes
dehydration of phosphatidylinositol 4,5-bisphosphate (PIP2)
into IP3 and diglyceride (DG). IP3 promotes the release of Ca2+
from endoplasmic reticulum. With the participation of Ca2+,
DG activates PKC, and PKC urges the phosphoration of
tyrosine which activates oncogene erb-B with productions of
protein Erb-B2 and Erb-B3[44]. In this study, PKC inhibitor H7 used alone had no significant effect compared with control,
but when used with EGF, it significantly inhibited the mitogenic
effect of EGF on hepatoma cells. The result suggests the
activation of PKC is an important link in the effect of EGF,
and also implies that the effect of EGF is associated with
phosphatidylinositol signaling pathway.
Intracellular pH (pHi) is another critical factor maintaining
the intracellular homeostasis. At present, many studies found
that pHi is associated with the pathogenesis of many diseases
and mitosis of many kind of cells. Na+/H+ exchange is an
important mechanism of pHi modulation. Activation of Na+/
H + exchange is the trigger of cellular protein and DNA
synthesis, and is of fundamental importance for tumor growth.
An increased influx of Na+ through the stimulation of Na+/H+
exchange plays a key role during early phases of the cell cycle.
Na+/H+ exchange messenger RNA expression may reach 10
times higher in HepG2 than in normal hepatocytes. EGF can
increase baseline pHi in a dose-dependent manner. This effect
was completely inhibited by pretreatment with amiloride[45].
In this experiment, we found that Na+/H+ exchange inhibitor
amiloride (0.1 mmol/L) alone showed no effect on the basal
level 3H-TdR incorporation of hepatoma cells. On the contrary,
when it was used with EGF (10-9M), the stimulatory effect of
EGF was significantly inhibited. This suggests that the
activation of Na+/H+ exchange may be one pathway of the effect
of EGF.
Recent studies have shown that Ca2+/calmodulin-dependent
protein kinase IV was overexpressed in HCC with high activity
and might be involved in the development of HCC[46]. The
effect of EGF on the hepatoma cells was associated with protein
kinase C and calmodulin. Protein kinase C can activate Na+/
H + exchange. After the phosphorylation of EGFR, the
proliferation signal was sent into the nucleus through STAT3
(signal transducers and activators of transcription 3)[47]. The
mechanism of this signal transduction is very complicated. It is
connected with the activation of oncogene ras[48,49], erb-B[44],
cyclinD1 and c-Myc[50,51]. The effect of cell proliferation
induced by EGF is associated with the MAPK (mitogenactivated protein kinase) pathway. The interactions between
them demand more intensive studies.
In conclusion, our data suggest that PKC, calmodulin and
Na+/H+ exchange could play a critical role in the growth of
some hepatic tumors and that the inhibition of PKC, calmodulin
or Na+/H + exchange activity through pharmacological or
genetic interventions, could theoretically be a useful strategy
to reduce the growth rate of hepatocellular carcinoma.
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Abstract
AIM: To probe the value of γ-glutamyl transpeptidase (GGT)
messenger RNA in monitoring canceration of liver cells and
for early diagnosis of hepatocellular carcinoma (HCC), by
researching the types of GGT messenger RNA (GGTmRNA)
in liver tissues and peripheral blood of different hepatopathy.
METHODS: The three types of GGTmRNA (A, B, C) in liver
tissues and peripheral blood from the patients with HCC,
noncancerous hepatopathy, hepatic benign tumor, secondary
carcinoma of liver, and healthy persons were detected by
reverse-transcription polymerase chain reaction (RT-PCR).
RESULTS: (1) In normal liver tissues, type A was
predominantly found (100.00 %), type B was not found,
type C was found occasionally (25.00 %). (2) The distribution
of types of GGTmRNA in liver tissues with acute hepatitis,
chronic hepatitis, cirrhosis, alcoholic hepatopathy was similar
as in normal liver tissues (P>0.05), but type B was found in
3 of 18 patients with chronic hepatitis (16.67 %), and also
in 3 of 11 patients with cirrhosis (27.27 %). (3) There was
no significant difference of types of GGTmRNA between liver
tissues with hepatic benign tumor, secondary carcinoma of
liver and normal liver tissues (P>0.05). (4) Type B was
predominant in cancerous tissues with HCC (87.5 %), the
prevalence of type B in cancerous tissues was significantly
higher than that in normal liver tissues (0/12) (P<0.05), but
the prevalence of type A in cancerous tissues (46.88 %)
was significantly lower than that in normal liver tissues
(100.00 %) (P<0.05), and the prevalence of type C (6.25 %)
in cancerous was the same as that in normal liver tissues
(25.00 %) (P>0.05). In noncancerous tissues of livers with
HCC, the main types were type A and type B, the prevalence
of type A (85.71 %, 90.48 %) and type C (14.29 %, 9.52 %)
in noncancerous tissues of liver with HCC was similar as
that in normal liver tissues (A: 100.00 %; C: 25.00 %)
(P>0.05), but the prevalence of type B (80.95 %, 76.19 %)
in noncancerous tissues of livers with HCC was significantly
higher than that in normal liver tissues (0/12) (P<0.05). (5)
The prevalence of type B (37.5 %) in peripheral blood with
HCC was higher than that in normal person (0/12) (P<0.05).
In peripheral blood, type B was found in 4 of 11 cases of
HCC with serum AFP negative.
CONCLUSION: The shift of types of GGTmRNA from A to
B in liver tissues may be closely related to the development
of HCC, and the analysis of GGT gene may provide a useful
tool for early diagnosis of HCC.
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INTRODUCTION
HCC is one of common fatal malignant tumors[1-5]. About 90
percent of tumors originated from liver are HCC[6-10]. There
are more than 250 000 patients of HCC in the world every
year, 44.7 percent of these patients are Chinese[11-15]. The
pathogenic mechanism, early diagnosis, and efficient treatment
of HCC are very important. Many studies concerning GGT in
HCC have suggested that changes in hepatic GGT expression
may be closely related to the development of HCC. It has been
reported that HCC in humans expresses GGT enzymes with
unique carbohydrate moieties compared with normal liver
enzymes. The presence of the unique GGT isoform for HCC
in patient sera was used as a marker for the diagnosis of HCC.
However, the genomic changes in GGT relating to the
development of HCC are not known, and genomic analysis of
the specific GGT to HCC is also lacking. In this study, the
specific primer sets for reverse-transcription polymerase chain
reaction corresponding to the 5’-noncoding human
GGTmRNA of fetal liver (type A), HepG2 cells (type B), and
placenta (type C) were prepared. in order to clarify the type of
GGTmRNA in human liver and the relationship between
alterations in GGTmRNA expression and the development of
HCC, we detected the types of GGTmRNA in normal liver
tissues and diseased liver tissues with or without HCC.
MATERIALS AND METHODS
All cases were divided into 8 groups by type of diseases: (1)
healthy control group 12 cases, male 9 cases, female 3 cases.
(2) HCC group 32 cases, male 26 cases, female 6 cases, small
sized HCC (size 3 cm) 8 cases, large sized HCC (size 3-10 cm)
16 cases, enormous sized HCC (size >10 cm) 8 cases. 11 HCC
patients with serum alpha fetoprotein (AFP) negative, 21 HCC
patients were treated with surgery. (3) Acute hepatitis group
15 cases, male 11 cases, female 4 cases, hepatitis A 4 cases,
hepatitis B 3 cases, hepatitis E 5 cases, drug hepatitis 3 cases.
(4) Chronic hepatitis group 18 cases, male 12 cases, female 6
cases, hepatitis B 14 cases, hepatitis C 4 cases. (5) Cirrhosis
group 11 cases. The diagnosis of acute hepatitis, chronic
hepatitis and cirrhosis meet the standard of National Academic
Conference about infectious disease [16] . (6) Alcoholic
hepatopathy group 13 cases, male 13 cases. (7) Hepatic benign
tumor group 10 cases, male 8 cases, female 2 cases, hepatic
hemangioma 6 cases, hepatic cyst 4 cases. (8) Secondary
carcinoma of liver 13 cases, male 8 cases, female 5 cases, primary
carcinoma of stomach 4 cases, primary carcinoma of colon 4
cases, primary carcinoma of lung 2 cases, primary carcinoma
of prostate 1 cases, primary carcinoma of ovary 2 cases.
Sample collection
Collection of liver tissues: Cancerous tissues, adjacent

Han GQ et al. The analysis of γ-glutamyl transpeptidase gene in different type liver tissues

paracancerous tissues (to the brim of carcinoma 3-5 cm) and
distal cancerous tissues (to the brim of carcinoma >5 cm) were
respectively obtained during surgery from 21 patients with
HCC, and the cancerous tissues and noncancerous tissues were
obtained by needle liver biopsy with help of ultrasound B from
the other patients of HCC (11 cases). Liver tissues were
obtained by needle liver biopsy in the other groups, non-tumor
tissues were merely obtained in hepatic benign tumor and
secondary carcinoma of liver. All the tissue specimens were
immediately refrigerated by liquid nitrogen for 1 hour, and
then were transfered to refrigerator at -80
for future use.
Blood samples: peripheral blood was obtained from each
person at morning before breakfast, anticoagulated by sodium
citrato solution, and then peripheral blood mononuclear cells
(PBMC) were separated from blood, total RNA was extracted
from PBMC, cDNA was synthesized with reverse transcription,
and then reserved in refrigerator at -80 .

Total RNA extraction
Total RNA was extracted by using TRIzol (from TECH-LINE
company) and the purity of RNA was tested with ultraviolet
spectrophotometer of DAOJUN UR-2201.
Detection of the types of GGTmRNA by RT-PCR
cDNA was synthesized with RNA, reverse transcriptase (MMLV) and random primer (Oligdts). then cDNAs of
GGTmRNA were amplified by PCR using polymerase and
three different primer sets which were specific for the three
GGTmRNA types. Nucleotide sequences of the primer sets to
each type of GGTmRNAs are: type A sense 5’- CAC AGG
GGA CAT ACA GTG AG-3’, Antisense 5’- GAA ATA GCT
GAA GCA CGC GC -3’; type B sense 5’- GGA TTC TCC
CAG AGA TTG CC -3’, antisense 5’- GAA GGT CAA GGG
AGG TTA CC -3’; type C sense 5’- GCC CAG AAG TGA GAG
CAG TT -3’, antisense 5’- TCC AGA AAG CAG CTA GAG
GG -3’. The condition of reaction: in advance denaturalization
of 94 for 3 min, and then PCR was performed with 30 cycles
consisting of a denaturing step of 94 30 s, an annealing step
of 58
for 30 s and an elongation step of 72
for 30 s. the
final step at 72 was extended to 8 min. The expected size of
each PCR product is 308bp in type A, 300bp in type B, 386bp
in type C. Products after gel electrophoresis by 1.3 % gelose
were observed under ultraviolet radiation comparing with
stander DNA.

cancerous tissues (87.5 %) was significantly higher than in
normal livers (P<0.05); type A was found in 15 cases, its
prevalence in cancerous tissues (46.88 %) was lower than in
normal livers(P<0.05); the type C was not significantly
different between cancerous tissues and normal liver tissues
(P>0.05). In 21 adjacent paracancerous tissues, 21 distal
cancerous tissues and 11 noncancerous tissues, the main type
was type A and B, the prevalence of type A (87.51 %, 90.48 %,
81.82 %) was similar as in normal livers (P>0.05); however
the prevalence of type B (80.95 %, 76.19 %, 72.73 %) was
significantly higher than in normal liver tissues (P<0.05); the
prevalence of type C was similar as in normal livers (P>0.05).
In nontumor tissues of livers with hepatic benign tumor
and secondary carcinoma of liver, the distribution of
GGTmRNA was similar as in normal livers (P>0.05).
The relation between types of GGTmRNA and size of HCC:
The prevalence of type A in cancerous tissues of larger sized HCC
is lower than in that of smaller sized HCC, the monogenic pattern
of type B tended to be found more frequently in larger sized HCC,
but the difference was not significant (P>0.05 ). Table 2.
Table 1 Incidence of Different GGTmRNA types in Livers of
Each Group
Type of GGTmRNA
Group

RESULTS
GGTmRNA in tissues
In normal liver tissues (12 cases), type A was the main type, it
was found in all livers (100 %), type B was not found, type C
was found in 3 cases, the GGTmRNA expression was
monogenic (type A) in 9 livers and polygenic (type A + type
C) in 3 cases (Table 1).
In liver tissues with acute hepatitis, chronic hepatitis,
cirrhosis or alcoholic hepatopathy, type A was the main type
(81.82-93.33 %), type C was found occasionally (13.3323.08 %), the distribution of types of GGTmRNA was similar
as in normal liver tissues (P>0.05), type B was found in 3
cases with chronic hepatitis, 3 cases with cirrhosis, the
prevalence of type B was higher than normal livers, but it was
not significantly different (P>0.05).
In 32 cancerous tissues with HCC, type B was the main
type, it was found in 28 cases, the prevalence of type B in

No. of Samples
A (%)

B(%)

C (%)

1.Normal

12

12 (100%)

0

3 (25.00%)

2.Acute hepatitis

15

14(93.33%)

1 (6.67%)

2 (13.33%)

3.Chronic hepatitis

18

16(88.89%)

3 (16.67%)

4 (22.22%)

4.Cirrosis

11

9 (81.82%)

3 (27.27%)

2 (18.18%)

5.Alcoholic hepatopathy

13

12 (92.31%)

1 (7.69%)

3 (23.08%)

6.Hepatic benign tumor

10

10 (100%)

0

1 (10.00%)

7.Secondary
carcinoma of liver

13

11 (84.62%)

0

3 (23.08%)

8.HCC

32

Cancerous tissues

32

15 (46.88%)a

28 (87.5%)a

2 (6.25%)

Adjacent Paracancerous
tissues

21

18 (85.71%)

17 (80.95%)a

3 (14.29%)

Distal Cancerous tissues

21

19 (90.48%)

16 (76.19%)a

2 (9.52%)

Noncancerous tissues

11

9 (81.82%)

8 (72.73%)

1 (9.09%)

a

Statistical analysis
The statistical software SPSS was used for statistical analysis,
the level of significance was P<0.05.
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a

P<0.05 vs. normal liver.

Table 2 GGTmRNA and the size of HCC
cases

Cancerous
tissues
type A

Cancerous Non cancerous
tissues
tissues
type B
type B

Peripheral
blood
type B

Small sized HCC

8

5(62.50%)

6(75.00%)

5(62.50%)

Large sized HCC

16

7(43.75%)

15 (93.75%)

14(87.50%)

6(37.50%)

Enormous sized HCC 8

3(37.50%)

7(87.50%)

7(87.50%)

4(50.00%)

2(25.00%)

GGTmRNA in peripheral blood
In peripheral blood of 32 patients with HCC, type A was found
in 2 cases (6.25 %), type B was found in 12 cases, the
prevalence of type B (37.5 %) was significantly higher than
normal (P<0.05), type C was found in 1 case (3.13 %). In
peripheral blood of patients with acute hepatitis, type A was
found in 2 cases. In chronic hepatitis group, type A was found
in 1 case. Type B and C were not found in acute and chronic
hepatitis group. In the other groups, GGTmRNA was not found.
In 8 cases of small sized HCC, type B was found in 5
noncancerous tissues (62.5 %) and in peripheral blood of 2
cases (25 %). In the 8 cases, there were 3 patients with serum
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AFP positive (37.5 %). Table 2.
In 21 cases of HCC with AFP positive, type B was found
in peripheral blood of 8 cases (38.1 %). In 11 cases of HCC
with AFP negative, type B was found in peripheral blood of 4
cases (36.36 %). Type B was not significantly different between
them (P>0.05). Therefore the prevalence of type B in peripheral
blood was not related to the prevalence of AFP.

DISCUSSION
Hepatocellular carcinoma is one of the common malignant
tumor [17-29] , because of its severe malignance, quick
development, early intrahepatic metastasis, mostly being
combined with cirrhosis, frequent recurrence, the prognosis
of HCC still remains dismal[30-41]. By now, surgery is still the
most efficient treatment for HCC, but about 70 percent of
patients with HCC lost the opportunity of surgery, since they
did not go to see a doctor until the tumor reached an advanced
stage, and HCC reoccurred more frequently after surgery, on
the other hand, HCC is not susceptive to radiotherapy,
chemotherapy and other synthetic treatments[42-44], so it is
imperative to clarify the pathogenic mechanism of HCC and
to find efficient methods for early diagnosis of HCC. The
epidemiological studies suggested that the prevalence of HCC
in patients with hepatopathy had been obviously increasing in
China. At present, the pathogenic mechanisms of HCC are not
well known, it is reported that the occurrence and evolvement
HCC may be a process of polygenic and multiple steps, which
related to polygenic expression, such as repair of DNA, signal
transduction, cell cycle regulation etc[45-52].
It is still difficult to monitor the canceration of liver cells
in preneoplastic stage and early stage of HCC[53]. If we could
monitor the changes of the structure and function of some
genes, we would find the patients with high risk of HCC,
forecast the possibility of occurrence of HCC before cytological
changes, and then we could prevent, make a diagnosis and
give treatment on molecular level.
It has been reported that HCC synthesizes and secretes many
proteins, polypeptides or isoenzymes such as AFP, GGT etc.
they may be used as important marks for the diagnosis of HCC.
GGT is closely relate to biotransformation, metabolism of
nucleic acid, and the occurrence of carcinoma, it may be used
as a mark for detection of bibulosity and the canceration of
liver cells. In humans, the activity of GGT is at a very high
level in embryo period, after birth it declines to a very low
level quickly, HCC expresses a large amount of GGT and
unique GGT isoenzyme. However, its mechanisms are not
known. Human GGT gene is linked to a BCR gene-related
segment that is located on band q11 qter of chromosome 22,
maybe there is a family of GGT genes, it could suit for the various
expressions of physiological aberrance and physiological state.
Many studies concerning GGT complementary DNA (cDNA)
sequences indicated that the cDNA sequences from fetal liver,
HepG2 cells, and placenta showed identical open reading frame
(ORF) consisting of 1707 nucleotide acids and GGT protein
structure. The most significant difference among these cDNAs
exists in the 5’-noncoding region[54]. In the present study,
polymorphisms of GGT mRNAs at the 5’-noncoding region
from normal liver tissues and diseased liver tissues were analyzed
with RT-PCR method.
In normal liver tissues, the main type of GGT mRNA was
type A, the expression was monogenic in most cases (type A),
but was polygenic in some cases (typeA+C).
In livers of acute hepatitis, chronic hepatitis, and cirrhosis,
the distribution of types of GGT mRNA was nearly the same
as in normal livers, but in livers of chronic hepatitis and
cirrhosis, the prevalence of type B was higher than in normal
livers (P>0.05).
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In cancerous tissues with HCC, type B was predominant.
In noncancerous tissues of livers with HCC, the main types
were type A and B. The prevalence of type B was significantly
higher in both cancerous and noncancerous tissues of livers
with HCC than in normal livers and diseased livers without
HCC. The prevalence of type A in cancerous tissues, but not
in noncancerous tissues, was significantly lower than in normal
livers and diseased livers without HCC. The prevalence of type
A in noncancerous tissues of livers with HCC was similar as
in livers without HCC. These results strongly suggest that the
GGT mRNA expression in human liver may shift from type A
to type B during the development of HCC. The prevalence of
type B in noncancerous tissues of livers with HCC was
significantly higher than in livers without HCC, and was similar
as in cancerous tissues of livers with HCC. These suggest that
the shift of the GGT mRNA may occur from the preneoplastic
stage of hepatocytes. Type B was detected in livers of 3 cases
with chronic active hepatitis and 3 cases with cirrhosis. It was
not sure whether or not some liver cells in liver tissues of these
6 cases had developed to the preneoplastic stage or changed to
cancerous cells, and whether or not these 6 patients would
developed to HCC in the future. It need further follow-up study
to answer these questions.
Among the patients of hepatic benign tumor and secondary
carcinoma, the distribution of GGT mRNA in livers tissues
but not tumor tissues was similar as that in normal livers. The
results suggested that the shift from type A to type B did not
exist in liver tissues with benign tumor and secondary
carcinoma.
The serum level of GGT is mostly higher in patients with
alcoholic hepatopathy, but the distribution of types of GGT
mTNA in these liver tissues was similar as in normal liver
tissues. This result suggested that alcohol did not induce the
shift of GGT mRNA.
Studies about small sized HCC have been the important
incident in the history of HCC in the past 20 years. Early
diagnosis and treatment are the keys to increase survival rate
and decrease recurrence rate. The detection of serum alphafetoprotein (AFP) is an important method for early diagnosis
of HCC, especially in patients with high risk of HCC[55,56].
However, the negative rate of AFP is higher in patients with
small sized HCC. In present study, among the 8 patients with
small sized HCC, type B was detected in noncancerous liver
tissues of 5 patients, and in peripheral blood of 2 cases,
however, AFP was positive in serum of only 2 patients.
Moreover, in peripheral blood, type B of GGT mRNA was
found in 4 of 11 HCC patients with AFP negative (36.36 %).
These results suggested that the detection of unique type B of
GGT mRNA may provide a useful tool for the diagnosis of
the small sized HCC and HCC with AFP negative.
Since there are lots of RNA enzymes in blood plasma, RNA
will be degraded by RNA enzymes as soon as it appears in
plasma, so there are not dissociative GGT mRNAs in blood
plasma in normal blood plasma. In this study, GGT mRNAs
were not found in normal peripheral blood, however, among
32 cases of HCC, type B of GGT mRNA was found in
peripheral blood of 12 cases (37.5 %). GGT mRNAs were not
found in peripheral blood in other groups. So it may be inferred
that cancerous cells exist in peripheral blood of this 12 patients.
These results suggest that the shift of type of GGT mRNA are
closely related to the development of HCC, and that analysis
of GGT mRNA expression may provide a useful fool for early
diagnosis of HCC.
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Abstract
AIM: To study the effect of TNP-470 on cell growth,
proliferation and apoptosis in human colon cancer xenografts
in nude mice.
METHODS: Human colon cancer xenografts were
transplanted into 20 nude mice. Mice were randomly divided
into two groups. TNP-470 treated group received TNP-470
(30 mg/kg, s.c) every other day and the control group
received a sham injection of same volume saline solution.
They were sacrificed after 4 weeks and their tumors were
processed for histological examination. The expression of
proliferating cell nuclear antigen (PCNA) in tumors was
detected using immunohistochemical method with image
analysis, and apoptosis in tumor cells was measured by TdTmediated biotinyated-dUTP nick end labeling (TUNEL)
staining.
RESULTS: Comparing with controls, tumor growth was
significantly inhibited in TNP-470 treated group, the inhibitory
rate being 54.4 %. Expression of PCNA in tumors of TNP470 treated group (PI 54.32±11.47) was significantly lower
than that of control group (PI 88.54±12.36), P<0.01.
Apoptosis index (AI) of TNP-470 treated group (18.95±1.71)
was significantly higher than that of control group(7.26±1.44),
P<0.001, typical morphological change of apoptosis in tumor
cells was observed in TNP-470 treated group.
CONCLUSION: Besides the anti-angiogenic effects, TNP470 can inhibit tumor growth by inhibiting the proliferation
and inducing apoptosis of tumor cells.
Huang ZH, Fan YF, Xia F, Feng HM, Tang FX. Effects of TNP-470
on proliferation and apoptosis in human colon cancer xenografts
in nude mice. World J Gastroenterol 2003; 9(2): 281-283
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INTRODUCTION
The worldwide incidence of colorectal cancer is estimated at
945 000 patients per year. Many of these patients present with
metastases. The past decade has seen several extensive

investigations into advanced colorectal cancer. However, Most
patients have limited improvement in long-term prognosis[1].
Therefore, new therapeutic methods are needed to treat and
improve the survival rate in colorectal cancer patients.
Tumors are always dependent on the development of an
adequate blood supply through angiogenesis for growth at both
primary and secondary sites, and conlon cancer would not be
an exception[2-9]. The concept of anti-angiogenesis therapy was
first proposed by Folkman [10,11] . The implications of
angiogenesis for tumor biology and therapy were investigated,
and some anti-angiogenesis agents have been developed[12-14].
TNP-470 is a potent angiogenesis inhibitor and an analogue
of fimagillin, which is a natural antibiotic secreted by
Aspergillus fumigatus fresenius [15,16]. This agent shows a
marked inhibitory effect on tumor growth and metastasis in
vivo[17-19]. Its target is not only the endothelial cells but also the
cancer cells of the host, and the tumor is affected directly[20-22].
In this study, we examined the inhibitory effect of TNP-470 on
tumor growth of human colon cancer xenografts in nude mice.
The expression of proliferating cell nuclear antigen (PCNA) in
tumors was examined by immunohistochemical method and
apoptotic cancer cells were measured by TUNEL assay.

MATERIALS AND METHODS
Drug and reagents
TNP-470 was a generous gift from Takeda Chemical Industries
(Osaka, Japan). Its structure and characteristics have been
reported. TNP-470 was suspended in a vehicle composed of
0.5 % ethanol plus 5 % gum Arabic in saline. RPMI 1640 and
heat-inactivated fetal calf serum (FCS) were purchased from
Gibco( Grand Island, NY).
Cell line
Human colon adenocarcinoma cell line Lovo was kindly
provided by the Department of Pathology, Cancer Center, First
Military Medical University (FIMMU). Cells were cultured in
RPMI 1640 supplemented with 10 % FCS, and were
in 5 % CO2. A single cell suspension of
maintained at 37
approximately 5×106 cells in 0.5 mL of culture medium was
inoculated subcutaneously in two Balb/c nude mice to make
source tumors. These source tumors were excised when they
grew to approximately 1 cm3, and then 2 to 3 mm3 of minced
tumor tissue was implanted subcutaneously into the left axial
region of the cervix of each balb/c nude mouse on day 0.
Animals
Female Balb/c nude mice were obtained from the Experimental
Animal Center, FIMMU, and reared under specific pathogenefree conditions. Four-week-old mice weighing 17-22 g were
used in the experiments. On day 1 after implantation, tumorbearing nude mice were randomly divided into a control group
(n=10) and a TNP-470 treated group (n=10). In the TNP-470
treated group, TNP-470 of 30 mg/kg was injected
subcutaneously every other day from day 1 until sacrifice. In
the control group, mice received a sham injection of the same
volume of saline. The average tumor volumes and animal
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weights in the treatment and control groups were almost equal
at the beginning of treatment.

470 treated group compared with those on the control group.
The proliferation index and apoptosis rate of Lovo cells in
two groups are shown in Table 2.

Tumor growth and animal weights
The tumor dimensions were measured every 3 days with a
dial caliper. The tumor volumes were calculated with the
formula width 2 length 0.52. Mice were weighed every 3 days.
The animals were painlessly killed on day 30. All animals were
weighed before autopsy, at which time, the tumor weight and
volume were obtained. The tumor volume was also expressed
by the rate of the mean tumor volume in that treated animals
to the mean tumor volume in that of control animals (T/S rate).
Tumor tissues were resected and fixed intact with 10 % formalin
solution, and then cut into four-micrometer-thick sections for
PCNA immunohistochemical assay and TUNEL staining.
Immunohistochemical detection of PCNA
Four-micrometer-thick sections were incubated with mouse
monoclonal antibodies against PCNA (Gibco, Grand Island, NY)
as the primary antibody, followed by biotinylated anti-mouse
immunoglobulin and avidin-biotin complex. The PCNA indices
were calculated with image analysis system as the percent rate
of positively stain Lovo cell nuclei to the total of Lovo nuclei. A
minimum of 500 cells was counted in triplicate[23].
TUNEL staining detection of apoptotic Lovo cells
W e st a in ed tu m o r t is s u e s e ct io n s wi t h te r m i n a l
deoxynucleotidyl transferase (TdT)-mediated dUTP nick end
labeling (TUNEL) to identify apoptotic cells[24]. Briefly, the
sections (after being dewaxed in xylene and rehydrated in
ethanol) were incubated with 20 µg/L proteinase K at room
temperature for 15 minutes. After quenching of endogenous
peroxidase, sections were rinsed in TdT buffer (30 mM Tris,
140 mM sodium cacodylate, 1 mM cobalt chloride), pH 7.2,
and incubated with TdT (Pharmacia Biotech, Piscataway, NJ,
USA) 1:50 and biotinylated dUTP (Gibco, Grand Island, NY,
USA) 1:50 in TdT buffer for 60 min at room temperature.
Labeled nuclei were detected with DAB in PBS and
counterstained with methyl green for 10 minutes and 5 minutes,
respectively. The slides were then mounted and examined
under light microscope. Negative controls were tissues
processed with omission of the TdT reaction step. Cells were
defined as apoptotic if the whole nuclear area of the cell labeled
positively. The apoptotic cells and bodies were counted in 10
high-power fields, and this figure was divided by the number
of cells in the high-power fields with image analysis system.
Statistical analysis
Data were expressed as mean ± standard deviation. Comparison
between two groups was made by the independent samples t
test. P<0.05 was considered statistically significant. All
statistics were carried out using SPSS10.0 statistics software.
RESULTS
Antitumor effects
Before treatment, the mean tumor volumes in the two groups
were approximately the same. The mean tumor volume and
tumor weight of two groups at the end of the experiment are
shown in Table 1. Tumor growth curve is illustrated in Figure
1. Significant inhibitory efficacy was obtained in TNP-470
treated group.
Proliferation and apoptosis of lovo cells
In PCNA immunohistochemical analysis and TUNEL staining,
the number and extent of apoptotic cells were considerably
increased and PCNA positive cells were decreased in the TNP-
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Figure 1 Tunor growth curve.
Table 1 Tumor weight and tumor volume in two groups (x±s)
Group

n

Control
TNP-470

10
10

a

Tumor weight (g)

1.423±0.169
0.830±0.123a

Tumor volume(mm3)

T/C(%)

1345.24±38.46
731.66±40.42b

100
54.4

P<0.05; bP<0.01, vs control.

Table 2 Proliferation index (PI) and apoptosis index (AI) in
two groups (x±s)
Group

n

Control
TNP-470

10
10

a

PI (%)
88.54±12.36
54.32±11.47a

AI(%)
7.26±1.44
18.95±1.71b

P<0.01; b P<0.001, vs control.

DISCUSSION
TNP-470 has been reported to be highly effective against a wide
variety of tumors and metastases. This agent mainly exerts its
anti-tumor effect by preventing tumor neovascularization[25-27].
Angiogenesis is essential for the growth of solid tumors at
primary and at secondary sites[28]. It is thought that the new
blood vessels in tumor are highly permeable and provide a
route for cancer cells to enter the circulation[29]. Therefore, antiangiogenesis agents may have the potential to be clinically
useful for the prevention of cancer progression.
TNP-470 is well described to antiproliferate the activity
against endothelial cells and anti-angiogenic properties in vivo.
In the recent study, TNP-470 was found to suppress DNA
synthesis and cause an increased proportion of cells to go into
the G0/G1 phase[30-32]. A molecular target recently identified
that TNP-470 is the mammalian protein MetAP-2. TNP-470
covalently attaching MetAP-2 in endothelial cells may prevent
the myristylation of signaling components specific to cell cycle
regulation of these cells, and inhibited the proliferation of
endothelial cells[33-35]. Other studies[36,37] described that cell cycle
inhibition by TNP-470 is mediated by p53 and p21WAF/CIP.
TNP-470 has been reported to inhibit various tumor cell
proliferation at concentrations much higher than those required
to inhibit endothelial cells, yet the exact mechanisms underlying
these effects are unclear. In contrast, there are reports that TNP470 has no significant effect on primary tumors transplanted s.
c[38]. These differences may arise because of organ-site-dependent
differences in tumorigenesis and on cancer-cell properties. In
addition, sensitivity to TNP-470 varied from tumors possibly
due to the tumors’ biological malignancy, the growth activity,
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the metastasis rate, the adhesive activity to extracellular matrix
and the production of VEGF[10, 39, 40].
The antitumor activity of TNP-470 on a variety of tumors
was evaluated in vitro and in vivo, but not in human colon cancer
Lovo cells. In the present study, we found that TNP-470 inhibited
the growth of human colon cancer cell line Lovo in vivo with an
inhibitory rate (T/C) of 45.6 % and no weight loss was observed.
Another important discovery in the present study was that TNP470 could inhibit the expression of PCNA in tumors and induce
apoptosis of cancer cells in vivo. But mechanisms of effect are
not clear. Further studies in vitro will be necessary.
In conclusion, the present in vivo results demonstrated that
treatment with TNP-470 could be efficient to inhibit the growth
of colon cancer. Further investigation on the mechanism of
the apoptosis-inducing effect of TNP-470 will help understand
the mechanisms of tumor growth and metastasis.
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Abstract
AIM: To study the clinical characteristics of hereditary
nonpolyposis colorectal cancer (HNPCC) in the Chinese
population and discuss the identification and management
of the patients with HNPCC.
METHODS: A series of 140 patients with colorectal cancers
(CRC) and HNPCC associated tumors from 30 families fulfilling
the Amsterdam criteria were analyzed.
RESULTS: A total of 118 patients had CRC. Average age at
diagnosis of the first CRC was 45.7 years, 56.8 % and 23.4 %
of the first CRC were located proximal to the splenic flexure
and in the rectum respectively. Twenty-three (19.5 %) had
synchronous and metachronous CRC. Twenty-seven patients
were found to have extracolonic tumors. Gastric carcinoma
was the most common tumor type in our series (44.4 %).
CONCLUSION: The frequency of HNPCC was 2.6 % in our
series of patients. The main features are an excess of early
onset with a propensity to involve the proximal colon, and
high frequency of multiple foci. Management and surveillance
for these patients should be different from sporadic CRC.
Contrary to American and European reports, gastric cancer
seems more frequent than endometrial cancer in Chinese.
It is necessary to formulate a new HNPCC criterion for
Chinese patients.
Cai SJ, Xu Y, Cai GX, Lian P, Guan ZQ, Mo SJ, Sun MH, Cai Q,
Shi DR. Clinical characteristics and diagnosis of patients with
hereditary nonpolyposis colorectal cancer. World J Gastroenterol
2003; 9(2): 284-287
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INTRODUCTION
Hereditary nonpolyposis colorectal cancer (HNPCC), also
known as Lynch syndrome, is a distinct autosomal dominant
syndrome. It accounts for 1-10 % of the total colorectal cancer
population [1-9]. On the basis of the absence or presence of
extracolonic malignancies, it can be subdivided into Lynch
syndrome I (hereditary site specific colorectal cancer) and

Lynch syndrome II (colorectal cancer in association with
extracolonic cancer)[10,11].
The criteria for clinical diagnosis of HNPCC were
established by the International Collaborative Group on
Hereditary Nonpolyposis Colorectal Cancer (ICG-HNPCC) in
1991. These criteria known as the “Amsterdam criteria” are as
follows: (1) Histologically verified colorectal cancer in three
or more relatives, one of whom is a first-degree relative of the
other two; (2) Colorectal cancer involving at least two
generations; (3) One or more colorectal cancers diagnosed
below age of 50 years. In the present study, 30 Chinese HNPCC
families fulfilling the Amsterdam criteria were studied.

MATERIALS AND METHODS
Materials
From September 1994 to December 2001, 30 Chinese HNPCC
families that fulfilled the Amsterdam Criteria were registered
at the Department of Abdominal Surgery in the Shanghai
Cancer Hospital / Institute. Of the 30 identified patients, 8 were
found to have colorectal cancer before October 1998 and 5
were diagnosed and treated from June 2000 to December 2001.
From October 1998 to May 2000, we consecutively investigated
392 patients with colorectal cancer (CRC) for their detailed
family history. The remaining 7 cases were diagnosed on followup in the clinic.
Methods
When the probands were verified, we investigated the more
detailed family history of patients in the hospital or in the clinic
through inquiry by telephone and mail. The tree of each family
pedigree was drawn. And these HNPCC patients are being
followed up.
RESULTS
Tumor frequency
From October 1998 to May 2000, we investigated 392 patients
with CRC for their detailed family history and 10 families with
the clinical features of HNPCC were identified, resulting in an
overall incidence rate of 2.6 %. The 30 families included 14
Lynch type I families and 16 Lynch type II families. A total of
140 patients developed malignant tumors, 118 (65 males and
53 females) of whom had CRC. The median age at diagnosis
of the first colorectal cancer was 45.7 years (range from 20 to
79 years). Eighty-eight patients (74.6 %) developed CRC below
50 years, including 10 patients (8.5 %) under 30 years of age,
56.8 % and 23.4 % of the first colorectal cancers were located
in the colon proximal to spleen flexure and in rectum,
respectively. Synchronous and metachronous colorectal cancer
occurred in 23 (19.5 %) patients.
Extracolonic colorectal cancer
Twenty-seven extracolonic tumors were found, including 10
stomach cancers, 4 endometrial carcinomas, 3 esophageal
cancer, 2 hepatic cancers, one renal carcinoma, one pancreatic
cancer, one breast cancer, one laryngeal cancer, one lymphoma
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and one leukemia. Gastric cancer is the most frequent
extracolonic cancer in our series, accounting for 44.5 %.

Pathology of colorectal cancers
We reviewed the HE of 18 cases available. Five (27.8 %) cases
of mucinous adenocarcinoma or signet cell type carcinoma
were found. Four (22.2 %) tumors had lymphocyte infiltration.
DISCUSSION
Amsterdam criteria I was adopted to diagnose HNPCC in this
study. As the widely accepted criteria for diagnosis of HNPCC,
the Amsterdam criteria were established by the International
Collaborative Group on Hereditary Nonpolyposis Colorectal
Cancer (ICG-HNPCC). But as clinical criteria, the Amsterdam
criteria are too restrictive, thus leading to a number of
limitations: (1) The failure to acknowledge the contribution of
endometrial cancer and other extracolonic cancer to the
HNPCC diagnosis. (2) Small family size or poor documentation
of disease and cause of death limits the identification of many
affected families[12]. (3) New mutations are not likely to be
identified. Estimates of HNPCC frequency varied from country
to country. On the one hand, a difference actually exists among
different areas, ethnics, nationalities, etc. On the other hand,
these studies were not based on uniform criteria. Amsterdam
criteria I and II, Japanese criteria and other criteria for suspected
HNPCC were used in different studies. According to the
Amsterdam criteria, many population-based studies in foreign
countries yielded the frequency at 1-10 %. In 1999, a national
epidemiological research done in Italy indicated a frequency
of HNPCC of 7 %[13]. Nevertheless, suspected HNPCC cases
were included in this study. The actual frequency of HNPCC
will be lower than 7 % obviously with Amsterdam criteria I.
Another study by Peel et al. showed that the frequency of
HNPCC was nearly 1 %[14]. In China, Bo Zhao reported that
HNPCC accounted for 5.2 % of the Chinese population[15].
However, this study included 11 HNPCC families fulfilling
Amsterdam criteria I and 5 HNPCC families according to
Japanese criteria. The actual frequency of HNPCC was 3.6 %
excluding the 5 families fulfilling Japanese criteria. The
frequency of HNPCC was found to be 2.6 % in our study,
which agrees with previous studies.
To solve this problem, many investigators developed
additional criteria, such as the Japanese criteria for HNPCC.
They include class A, in which there are three or more
colorectal cancers within first-degree relatives, and class B, in
which there are two or more colorectal cancers within first
degree relatives, and any of the following: (1) early onset of
colorectal cancer (age <50years). (2) Right colon involvement,
or (3) synchronous or metachronous colorectal and/or
extracolonic cancers. Among our 392 patients, 24 families were
found according to these criteria, accounting for 6.1 % of the
total colorectal cancers. Compared with the Amsterdam criteria,
the Japanese criteria are relatively looser, thus increasing the
frequency for diagnosis of HNPCC. But there still remain some
problems: (1) It does not give enough attention to extracolonic
cancer in the diagnosis. (2) The early age of onset and
transmissibility of HNPCC, which are the most striking
characteristics of HNPCC, have not been emphasized. These
weaknesses make it easy to diagnose sporadic colorectal
cancers as HNPCC.
In 1998, new selection criteria for collaborative studies,
called revised ICG-HNPCC or the Amsterdam criteria II, were
proposed by ICG-HNPCC (The classic Amsterdam criteria
were kept as Amsterdam criteria I). The new criteria include:
(1) There should be at least three relatives with a histologically
verified HNPCC-associated cancer (colorectal cancer, cancer
of endometrium, small bowel, ureter, or renal pelvis), one of
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whom is a first-degree relative of the other two. (2) At least
two successive generations should be affected. (3) At least
one should be diagnosed below 50 years of age. The new
criteria raised the diagnostic value of some extracolonic
cancers. Considering the risk of gastric and hepatic cancers is
not high in the relatives, they excluded stomach cancer and
hepatic cancer[16], which were the most prevalent cancers in
HNPCC families and in the general population of some Asian
countries, including China, Korea, etc. The incidence of cancers
of endometrium and small bowel is relatively lower than that
of western countries. So the Amsterdam criteria II may be more
applicable to western countries than to Asian countries. In our
392 consecutive colorectal cancer patients, except for the 10
families fulfilling the criteria I, no families met the Amsterdam
criteria II. However, if we included other HNPCC-associated
cancers in the criteria, 24 additional families would be found.
Including the 10 families for criteria I, they accounted for 8.7 %
of the 392 colorectal patients. We think that the specificity
and sensitivity of the Amsterdam criteria II are not wholly
suitable for the diagnosis of HNPCC in China. We have
performed the detection of microsatellite instability, sequence
analysis of mismatch repair genes and the detection of hMLH1
and hMSH2 protein on the probands of these 24 kindreds and
18 HNPCC patients. If we can detect the alteration of mismatch
repair genes in these HNPCC families, we may include gastric
and hepatic cancers in HNPCC related extracolonic tumors.
Further epidemiological and genetic studies in China will
advance our knowledge on HNPCC. The variance and
similarity between Chinese and western countries should be
evaluated. It is necessary to establish the Chinese criteria for
HNPCC.
HNPCC is a syndrome that affects a distinct percentage of
the total colorectal cancer population. It is characterized by the
development of cancer at an early age[17-19], predominance of
proximal colonic cancer[20-23], excess of multiple cancers[24-27], an
increased risk for selected extracolonic adenocarcinomas[28],
early occurrence of colonic adenomas[16] and better prognosis[29-31].
In vitro experiments showed that HNPCC is resistant to 5Fluorouracil (5-FU), Cis-diaminedichloroplatinum (DDP) and
Nitrogen mustard. By contrast, HNPCC is more sensitive to
γrays. Identifying individuals afflicted with HNPCC has
implications for early diagnosis, surgical management,
chemotherapy, prognosis, follow-up, and surveillance of HNPCC
patients and family members at risk. We have noticed that
patients with HNPCC inherit a germline mutation in one of the
genes responsible for repair of DNA mismatch errors[32,33].
However, given the clinical unavailability for widespread
application of gene test and the enormous cost for gene mutation
hunting, selection of patients with HNPCC based on suspicious
family history is still the most important approach[34-36].
Early age of cancer onset is one of the most striking features
about HNPCC. The average age to develop colorectal cancer
was 45 years, 20 years earlier than the sporadic colorectal
cancer. The study involving 43 HNPCC kindreds and 140
HNPCC patients by Bertario et al showed that the average age
of onset was 49 years[36]. Bo Zhao et al reported the mean age
of cancer onset in 16 Chinese HNPCC families, which was
50.8 years in 68 patients[15]. Another 13 HNPCC kindreds in
China were reported by Sheng et al whose median age at
diagnosis was 41 years. In Sheng’s study, 68.75 % of the colorectal
cancer developed below age of 50 years, and 90.63 % before 60
years of age[37]. In the present study, the median age of onset
of the first colorectal cancer was 45.7 years, with 74.6 % under
age of 50 years and 8.5 % under 30 years of age.
Another important clinical characteristic of HNPCC is that
the cancer is inclined to be located in the proximal colon. A
Swedish national investigation in 2001 demonstrated the
proportion of cancers located in the proximal colon was 51 %
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of the total[38]. Similar to the other reports, the colorectal cancer is
more commonly found proximal to the splenic flexure (58.3 %)
in our study. So a relatively young patient, especially younger
than 50, with a proximal colon lesion is a clue to be noted.
Special attention must be paid while inquiring into the family
history. However, there were contrary reports. The percentage
of cancers proximal to the splenic flexure was only 25 % in
Peel’s research[14]. Given the early age of onset of the cancer
and most of the tumor will develop in the proximal colon, we
recommend that colonoscopy be performed for the family
members with HNPCC and repeated annually or biannually
thereafter from the age of 25 years. Flexible sigmoidoscopy is
not an effective screening approach in this disease.
HNPCC also predisposes individuals to multiple
synchronous and metachrounous colon cancer. The prevalence
rate of synchronous and metachrounous colorectal cancer was
about 35 %[16]. Peel et al reported that 12.5 % of the patients
had synchronous and metachrounous cancers in the colon.
Although the rate was not high, it was still higher than that of
the patients without family cancer history and non-HNPCC
cases with positive family cancer history, being 2.6 % and
5.9 % respectively. And the difference was statistically evident
(P=0.023)[14]. A domestic investigation in China showed the
percentage of synchronous and metachrounous colorectal
cancers was 39.5 %. All of them developed within ten years after
surgery and needed reoperations[15]. In our series, 23 (19.5 %) of
118 patients presented with multiple cancers in the colorectum.
The high incidence of multiple cancers implies that subtotal
colectomy is an appropriate management when colon cancers
are found in affected patients. It can reduce the chance of
developing synchronous colorectal cancer and simplify the
endoscopic examination[39]. But considering the effect on the
quality of life after subtotal colectomy and the psychological
attack on the patients, we usually chose segmental resection for
colorectal carcinoma and give intensive follow-up. Only when
the patients were diagnosed with multiple cancers or adenomas
at other segments, would subtotal colectomy be performed.
Individuals in HNPCC families had an increased risk of
developing extracolonic carcinomas including endometrium,
stomach, ovary, small intensive, pancreaticobiliary system,
upper urological tract, and other sites. Fourteen Lynch type I
families and 16 Lynch type II families were found in the 30
HNPCC families (0.88:1). There were 3 Lynch type I families
and 13 Lynch type II families in a total of 16 HNPCC kindreds
in Bo Zhao’s study(0.23:1)[15]. So extracolonic tumors are
frequently seen in HNPCC patients and may contribute to the
diagnosis of HNPCC. For this reason, extracolonic cancers
were included in the Amsterdam criteria II. According to the
reports of western countries, the endometrial and stomach
cancers are the first and the second most common tumor in
HNPCC, respectively. A study in Portugal revealed that
endometrial carcinoma was most frequent in HNPCC
extracolonic tumors, the prevalence among women patients
even reached 25 %[40]. In our series, of the 81 patients in the 16
Lynch syndrome II families, 27 developed extracolonic
carcinomas. The three most common tumors were stomach
cancer (12/27), endometrial carcinoma (4/27) and esophageal
neoplasm (3/27). Different from the western countries, the
incidence of stomach carcinoma was significantly higher than
endometrial cancer (P<0.05). Bo Zhao et al in China reported
34 cases of extracolonic cancer in 16 HNPCC families. He
also found stomach cancer was the most common extracolonic
tumor in HNPCC (11 cases of stomach cancers) and
endometrial cancer was less common (7 of 34) than gastric
cancer[15]. The difference in extracolonic tumor spectrum
between China and western countries may lie in many aspects.
The small size of our sample may be one of the reasons.
Besides, different types of mutation or mutation loci and
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interaction between environment, life style, ethnics and
genotype may also contribute to the observed variation.
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Abstract
AIM: To evaluate the role of preoperative angiography in
the diagnosis and treatment of colorectal cancer.
METHODS: The authors performed selective arterial
cannulation by Seldinger’s method in 47 patients to locate
the primary cancer and to diagnose metastasis to the liver.
Each patient was then given intra-arterial regional
chemotherapy, and received 5-fluorouracil (5-Fu, 1 000 mg),
mitomycin C (MMC, 20 mg), and cisplatinum (CDDP, 80 mg).
RESULTS: The location and shape of each tumor were
observed, including metastatic tumors in the liver, in 42 of
the 47 (89.4 %) patients. The site of the primary tumor was
difficult to identify in 5 cases because the patients had a
recurrence of cancer. Arterial chemotherapy was performed
successfully in all patients. The authors recorded no partial
or significant morbidity resulted from angiography. The only
incident was bleeding from the artery puncture site in one
patient, which was successfully stopped by general
medication.
CONCLUSION: Preoperative selective arterial angiography
can help the diagnosis and locate primary tumors and to
detect liver metastasis. At the same time, regional arterial
chemotherapy can be an important form of preoperative
therapy.
Gu J, Ma ZL, Li Y, Li M, Xu GW. Angiography for diagnosis and
treatment of colorectal cancer. World J Gastroenterol 2003; 9
(2): 288-290
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INTRODUCTION
Colorectal cancer is one of the three leading causes of
worldwide cancer mortality[1]. It is the second leading cause
of cancer-related deaths in the Western world[2]. Because of
changes in life style and nutritional habits, the incidence of
colorectal cancer is increasing in China. From 1972-1989, the
incidence of colorectal cancer increased 85 % in men and 79 %
in women. The average rate of increase in incidence was 4.2 %
per year since 1970’s. Of all cancers in China, colorectal cancer
ranks the fifth in incidence. Although 80 % of patients initially
can have the primary tumor completely resected, the cancer
invades the serosa or involves the regional lymph nodes in

almost half of patients, predisposing them to a high risk of
recurrence[3]. Recurrent cancer of the large intestine is second
in cancer-related deaths only to lung cancer[4,5].
Colorectal cancers are detected mainly by endoscopic and
radiological examination. However, endoscopy is unsuccessful
in some patients who have a low tolerance for the procedure
and in patients, especially elderly ones, who are physically
unable to undergo a barium enema. In the United Kingdom a
complete colonoscopic examination to the caecum is achieved
in only 70 % of cases[6].
Angiography has been used to define sites of gastrointestinal
bleeding when endoscopy has been unsuccessful[7]. To our
knowledge, there have been no reports describing the
significance of angiograpy to help diagnosis in colorectal
cancer. Our present study assessed the clinical value of the
angiography for colorectal cancer.

MATERIALS AND METHODS
Materials
Between Jan.1997 and Jan 1999, we enrolled in this study 47
consecutive patients (25 men, 22 women, age range, 37-81)
with histologically or clinically proven colorectal cancer. All
patients had normal cardiopulmonary, renal, and hepatic
function. In addition, no patient had evidence of coagulopathy
or had been previously treated with chemotherapy or any other
anti-cancer treatment. Carcinoma was located in the rectum in
26 patients, in the sigmoid colon in 10, in the ascending colon
in 7, in the descending colon in 1 and in the transverse colon
in 3. Of the 47 tumors, 6 were classified on histologic study as
mucinous adenocarcinoma and 41 were adenocarcinoma, of
which 3 were poorly differentiated, 31 moderately to well
differentiated, and 7 well differentiated. No case was defined
as Dukes’s stage A; 3 were stage B1, 26 were stage B2, 13
were stage C, and 5 were stage D. Acute obstruction of the
colon was seen in 6 patients, and 7 cases were postoperative
recurrent tumor. In this group, 3 cases were colorectal cancer
with hepatic metastases.
Methods
The groin was sterilized and prepared with local anesthesia.
The abdominal aorta was catheterized through the femoral
artery by Seldinger’s method[8].
In each patient, we selectively advanced the catheter into
the vessel that supplied the tumor: the ileocolic artery for cancer
of the ileoceum, right colic artery for cancer of the ascending
colon, left colic artery for cancer of descending colon, sigmoid
artery for cancer of the sigmoid colon, superior rectal artery
and bilateral iliac arteries for cancers of the anus and most
distal rectum[9].
When these arteries could not be located, we placed the
catheter into the superior mesenteric artery for the right half
of the colon and the inferior mesenteric artery for the left half
of the colon. Digital subtraction angiography (PHILIP
INTEGERIS V 3 000, PHILIPS LTD, Holland) and the use of
contrast dye of Ultravist 370 yielded a “Tumor flush” caused
by the abnormal capillary mass of the tumor, which gave the
exact location of the tumor. Then we infused chemotherapeutic
agents into the tumor through the same artery; each patient
received 5-fluorouracil (5-Fu 1 000 mg), mitomycin C (MMC,
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20 mg), and cisplatinum (CDDP, 80 mg).
Both the hepatic and superior rectal arteries were cannulated
in one patient who had rectal cancer with multiple liver metastases.

RESULTS
We performed a digital subtraction angiography procedure
(DSA) in 47 patients with colorectal cancer. We were able to
locate the exact tumor site in 42 of 47 (89.4 %) angiographic
studies, including six patients with acute obstruction of the
colon (Figures 1-3). The location of the primary tumor was
difficult to identify in 5 cases because the patients had a
recurrence of cancer and liver metastases that were found at
the same time of the DSA during angiography. Regional
chemotherapy for primary colorectal cancer was successfully
completed in 47 patients, and 3 patients received chemotherapy
for metastatic tumors in the liver at the same time (Figure 4).

Figure 1 Detection of the tumor site by angiography. Carcinoma of the descending colon can be visualized.

Figure 2 Detection of a tumor in the rectum by angiography.

Figure 3 Angiography showing the tumor site in a patient
with rectal carcinoma associated with liver metastasis.

Figure 4 Angiography showing multiple liver metstases in
the same patient as in Figure 3.

DISCUSSION
In patients with symptoms of colorectal cancer, flexible
colonoscopy or barium enema are usually performed, for
definitive diagnosis. Cathartics are usually necessary to prepare
for the barium enema. However, if plain radiographs of the
abdomen show a dilated colon and acute colonic obstruction
is suspected, a barium enema (or water-soluble contract study)
may be obtained without preparation to define the location
and nature of the obstructing lesion. Some patients, especially
older patients, are not able to finish rolling on the table during
the examination. Although flexible colonscopy is the most
accurate and complete examination for the large bowel, some
patients cannot tolerate the procedure. In addition, technical
limitations, such as the inability to evaluate the splenic or
hepatic flexures or the cecum, compromise the diagnostic
usefulness of colonoscopy. Furthermore, colonoscopy is
contraindicated in patients with suspected perforation or
obstruction of the large bowel[10,11]. Angiography is a safe and
accurate technique for localizing acute gastrointestinal
hemorrhage[12]. Since 1996, we have used angiography to
diagnose colorectal cancer and to deliver regional
chemotherapy[13,14]. Our rate of locating tumors with is 89.4 %,
and we have simultaneously detected cases of colorectal cancer
with metastatic liver tumors using angiography. During this
procedure, patients have been able to lie comfortably on the
table, even those in pain with an acute bowel obstruction
induced by colorectal cancer. We had difficulty to find the site
of the tumor of recurrent colorectal cancer by angiography
because the vessels supplied the tumor had been ligated during
the last operation. Regional chemotherapy has been widely used
to treat solid tumors[15,16]. The rationale for arterial chemotherapy
is that arterial administration allows for high local levels of
the drug without corresponding systemic toxicity[17-20]. After
intraarterial infusion of 5-Fu, drug levels at the tumor site has
been reported to be 9-to 69-fold higher than those obtained
during intravenous administration[21]. Few studies have been
published on intraarterial chemotherapy in primary colorectal
cancer. In our study, chemotherapeutic agents were infused
after angiography into vessels supplying the colorectal cancer.
As we were reporting short-term results (less than 3 years),
we did not see a statistical survival benefit in this study.
Distant metastases develop in 10-15 % of patients despite
complete resection of the primary colorectal tumor [22].
Colorectal cancer commonly metastasizes through lymphatic
pathways and portal venous vessels to the liver[23-25]. Thus,
hepatic arterial chemotherapy is an attractive treatment option
for bilobar non-resectable liver metastases in patients in whom
the liver is the sole site of distant disease and recurrence[26-31].
Furthermore, angioigraphy and intra-hepatic artery infusion
chemotherapy may be used simultaneously we make it possible
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to be finished at the same period.
Local recurrence and distant metastasis are the most
common reasons for treatment failure after surgical resection
for colorectal cancer. Local recurrence of rectal cancer, with
extension through the wall and with regional lymph node
involvement, occurs in 50 % of patients. In patients with
unresectable lesions, pain and organ obstruction are distressing
and potentially devastating symptoms[32]. It was reported that
intraarterial infusion of 5-Fu and MMC by percutaneous
placement of an infusion catheter in the bilateral internal iliac
arteries relieved the pain in 50 % of patients with unresectable,
recurrent rectal cancer [33]. In our study, one patient with
recurrent cancer having severe pelvic pain underwent
angiography for diagnosis and then received intraarterial
chemotherapy in the bilateral internal iliac arteries. After
treatment, the pain was relieved, and the bowels were more
easily evacuated. We are not sure of the mechanism underlying
these treatment effects.
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Abstract
AIM: To study hepatic virus C (HCV) RNA and HCV protein
expression in peripheral blood mononuclear cells (PBMCs)
of patients with HCV infection, and explore the relationship
between the HCV RNA in the PBMCs and response to
interferon (IFN) therapy.
METHODS: Type-specific primers were designed and RTnested PCR was used to detect the plus- and minus- strands
of HCV RNA in PBMCs of 54 patients with HCV infection;
Indirect immunofluorescence assay was applied to identify
HCVNS5 protein expression in PBMCs; 6 month-, 3 MU-IFN
regiment was administrated to observe the responses to
IFN in 35 chronic hepatitis C patients with different HCV
RNA status in PBMCs.
RESULTS: HCV plus strand RNA was found in 10 of 19
(52.6 %) acute hepatitis C patients and 22 of 35 (62.9 %)
chronic hepatitis C patients. HCV minus strand RNA was
detected in 14 of 35 (40.0 %) chronic hepatitis C patients,
but only one patient (5.3 %) with acute HCV infection was
found to be minus HCV RNA positive. Though no HCV NS5
protein expression was found in the examined 10 cases of
acute HCV infection, it was positive in 17 of 20 (85.0 %)
chronic hepatitis C patients by indirect immunofluoresence
assay. There are significant differences of positive rate of the
minus-strand and HCVNS5 protein between acute and chronic
hepatitis C groups(u=2.07, P<0.05and u=4.43, P<0.01
respectively). The patients with minus-strand HCV RNA
showed a significantly lower 6-month sustained response (SR6) to IFN compared to those without minus-strand HCVRNA
in PBMCs (biologically 14.3 % vs 42.8 %, χ2=4.12, P<0.05
and virologically 7.1 % vs 23.9 %, χ2=4.24, P<0.05).
CONCLUSION: HCV is capable of infecting and replicating
in PBMCs, and HCVNS5 protein was expressed in PBMCs.
The patients with minus strand HCV RNA in PBMCs showed
a significantly lower 6-month sustained response to IFN,
suggesting that minus-strand HCV RNA in PBMCs may be
one of the factors influencing response to IFN therapy.
Gong GZ, Lai LY, Jiang YF, He Y, Su XS. HCV replication in
PBMC and its influence on interferon therapy. World J
Gastroenterol 2003; 9(2): 291-294
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INTRODUCTION
Hepatitis C virus (HCV), a single positive-strand RNA, belongs
to the Flaviviridae family, and is the major cause of posttransfusion hepatitis. Infection with HCV usually results in
chronic hepatitis, which may progress to cirrhosis and finally
to hepatocellular carcinoma. The mechanisms responsible for
the chronicity are unclear, one of which is supposed to be that
HCV has the ability to escape the host immunity by mutations
in genome. There are numerous genotypes of HCV worldwide,
and genotype 1b is found to be responsible for the most cases
of HCV infection in southern China[1]. IFN has been a widely
accepted drug for the treatment of patients with HCV infection
for more than 10 years, and now combination of IFN with
ribavirin becomes the choice of therapy[3,4]. Reinfection of HCV
after orthotopic liver transplantation has postulated that there
exists extrahepatic sites suitable for HCV repliacation[5,6]. The
possible extrahepatic cells for HCV replication may be PBMC,
cells in pancreas, adrenal gland, bone marrow and spleen, even
in the cerebrospinal fluid[2,7-9], among them, PBMCs have been
the most controversial, in which the minus strand HCV RNA,
a replicative intermediate of HCV, has been found. It still
remains unclear whether HCV replication in PBMC is a factor
influencing IFN therapy response. In this study, we not only
detected the minus strand HCVRNA and HCVNS5 protein
expression in PBMC of patients with hepatitis C, but also
analyzed the relationship between minus strand HCVRNA in
PBMC and IFN response.
MATERIALS AND METHODS
PBMC preparation
Blood samples were collected from 54 patients with hepatitis
C virus infection from January of 1994 to January of 1998, all
of them are positive for anti-HCV by ELISA (Sino-American
Biotech. Company, China) and HCV RNA by RT-PCR (SinoAmerican Biotech. Company, China). PBMCs were separated
from 10 mL of whole blood mixed with sodium citrate by
density gradient centrifugation with ficoll-hypaque. The
separated PBMCs were washed four times in 10 mL of RPMI1640 and then frozen and stored at -70
until use.
Cellular total RNA extraction and RT-PCR
Total RNA of the PBMCs was extracted with an RNA
isolation kit (Shanghai Huaxun Company, China) according
to the manufacturer’s instructions. Primers P1: 5’CGCGCGACTAGGAAGACTTC-3’ and P2: 5’ATGTACCCCCATGAGGTCGGC-3’ (as the external pair),
and P3: 5’-AGGAAGACTTCCGAGCGCGGTC-3’ and P4:
5’-GAGCCATCCTGCC CACCCCA-3’ (as the internal pair)
for RT-PCR were designed according to Okamoto et al[10]. 5 ul
of PBMC RNA and 1 µl of P1 (for producing cDNA of minus
HCVRNA) or 1 µl of P2 (for producing cDNA of plus
HCVRNA) were added to the reverse transcription system
(Promega, USA). The reverse transcription system includes
10×buffer 2 µl, 25 mmol/L MgCl2 4 µl, RNasin 1 µl, AMVRT
15 U, 10 mmol/L dNTP 2 µl with a total volume of 20 µl by
adding ddH2O. After incubation for 30 min at 42 , the
synthesized HCV RNA cDNA was exposed at 95 for 30 min
to destroy AMVRT. The first PCR was performed with the
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above synthesized HCVRNA cDNA as a template. The external
primers (P1 and P2) were added into the PCR reaction mix.
After pre-denaturing for 5 min, the reaction mix denatured at
94 for 60sec, annealed at 55
for 60sec and extended at
72 for 90sec for 35 cycles. The second PCR was performed
same as in the first PCR except the production of the first PCR
was used as the template and with the internal primers (P3 and
P4). A total volume of 7 µl the second PCR product was loaded
onto 2 % agarose gel containing 0.5 ug/mL EB. After
electrophoresis, the gel was placed under ultraviolet ray to
analyze the results (Figure 1).

A
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when the treatment ends, and the sustained response (SR) refers
to the response after the ending of treatment, i.e., SR-6 means
response at 6 months after the ending of treatment.

RESULTS
HCVRNA and HCVNS5 protein in PBMCs of patients with
hepatitis C virus infection
HCV plus-strand RNA was found in 32 of 54 (59.26 %) patients
with HCV infection, among them 10 of 19 (52.63 %) with
acute hepatitis C and 22 of 35 (62.85 %) with chronic hepatitis
C were positive respectively, and there is no statistically
significant difference between the two groups. HCV minusstrand RNA was detected positive in 14 out of the 35 patients
with chronic hepatitis C (14 of 35, 40 %) and 1of 19 patients
with acute hepatitis C and a significant difference was found
between these two groups (u=2.07, P<0.05). Regarding to
HCVNS5 expression in PBMCs of patients with hepatitis C, 17
out of 20 patients with chronic hepatitis C were found positive,
but all the 10 patients with acute hepatitis C were found negative,
and there is a remarkable statistically significant difference
between the two groups (u=4.43, P<0.01. see Table 1).
Table 1 HCV plus and minus RNA and HCVNS5 in PBMCs

B
Figure 1 Analysis of HCVRNA plus-stand (A) and minusstrand (B). Lane 1, 2, 3, 4, 5: Serum Samples from the patients
with hepatitis C. 144bp means plus of minus strand HCVRNA.
Lane 6: DNA marker (pGEM-7 HindIII/EcoRI).

Immunofluorescence assay
After being separated, PBMCs were suspended (1×107cell·mL-1)
in RPMI-1640, dropped on to slides, and air dried. The slides
were then fixed in acetone for 20 min at -20 , washed with
PBS, and air-dried. Mouse anti-human HCV NS5 McAb (1:400,
Virostat, U.S.A) was added onto the slides. After 30 min
incubation at 37 , the slides were washed three times in PBS,
and then isothiocyanate-conjugated rabbit anti-mouse IgG was
added and incubated for 30 min. Slides were then washed and
observed under microscope (Figure 2).

HCVRNA
Plus

HCVNS5

minus

positive

Acute hepatitis C

10/19 (52.6%) 1/19 (5.3%)b

0/10 (0%)d

Chronic hepatitis C

22/35 (62.9%) 14/35 (40.0%)b 17/20 (85%)d

b
Comparison of the detection rates of HCV minus-RNA between acute and chronic hepatitis C, u=2.07, P<0.05;
d
Comparison of the detection rates of HCV NS5 protein between acute and chronic hepatitis C, u=4.43, P<0.01.

The influence of HCV RNA status in PBMCs on therapy
response to IFN
Six-month regiment with 3MU of IFN-α 2b was completed in 35
patients with chronic hepatitis C, and the biochemical and
viralogical ETR and SR-6 were evaluated. There is a tendency to
have a lower response to IFN treatment in the patients with plusstrand HCVRNA positive in PBMCs, although no statistically
significant difference was found when compared with the negative
group. The patients with minus-strand HCV RNA in PBMCs
showed a significantly lower SR-6 to IFN therapy than those
without HCV RNA minus-strand, both biochemically (SR-6: 14.
3 % vs 42.8 %, χ2=4.12, P<0.05), and virologically (SR-6: 7.1 %
vs 23.9 %, χ2=4.24, P<0.05) (Table 2).
Table 2 The influence of HCVRNA in PBMC on interferon
response
HCVRNA plus strand

Figure 2 Indirect immunofluorescent assay for detection of
HCV NS5A protein. HCV NS5A was stained in green and distributed mainly in the cytoplasm of PBMCs.

Treatment with IFN
Three MU of Interferon α-2b (Tianjing Hualida, China) was
administered intramuscularly three times a week for 6 months.
The efficacy of interferon therapy is defined biochemically as
normalization of serum (adding full term of ALT here!!!)
(ALT) and virologically as serum conversion of HCV RNA.
End-treatment response (ETR) refers to the response to IFN

HCVRNA minus strand

Positive

Negative

Positive

Negative

ETR (Biochemical)

13 (59.1%)

7 (53.7% )

8 (57.1%)

13 (61.9%)

ETR (Virological)

11 (50.0%)

9 (69.2%)

6 (42.9 %)

12 (57.1%)

SR-6 (Biochemical)

8 (36.7%)

6 ( 46.2%)

2 (14.3%)

9 (42.8%)a

SR-6 (Virological)

6 (27.3%)

5 ( 38.5%)

1 (7.1%) c

a

7 ( 33.3)c

a
Comparison of biochemical SR-6 between HCV minus-RNA
positive and negative groups, χ2=4.12, P<0.05; cComparison of
virological SR-6 between HCV minus-RNA positive and negative groups, χ2=4.24, P<0.05.
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DISCUSSION
Extrahepatic HCV replication has long been a controversial
topic since the finding of the high rate of re-infection of grafts
after orthotopic liver transplantation in the patients with the
end-stage HCV induced liver diseases. Weather PBMCs is
suitable for HCV replication is still uncertain. The detection
of the minus strand HCV RNA is thought to be reasonable for
the discovery of HCV replication because the minus strand
RNA is the replicative intermediate of HCV. In recent years,
several reports on the detection of HCVRNA in PBMCs have
been published[12-14]. Cribier et al incubated PBMCs healthy
donors with HCV positive sera, and detected HCV RNA plusstrand and minus-strand using RT-PCR and in situ
hybridization[15]. Our results showed that HCV RNA plusstrand were common in the PBMCs of patients, in both acute
and chronic infection patients. This high rate of plus-strand
HCV RNA is usually thought to be resulted from the
contamination of plasma, therefore, minus-strand HCV RNA
was explored in the PBMCs from hepatitis C patients, which
indicates the replication of HCV in PBMCs. In acute HCV
infection, HCV RNA minus-strand is rare in PBMCs, but in
the chronic group, the minus-strand HCV RNA is not
uncommon in the PBMCs (14 of 35, 40.0 %), which is similar
to what Chang et al reported[16]. The ratio of HCV RNA minusstrand detected in chronic hepatitis C is much higher than that
in acute hepatitis C, suggesting that the replication of HCV in
PBMCs may play an important role in the processes of
chronicity, and the mechanism could be that HCV in PBMCs
can escape from clearance resulting from host immununity,
and make the infection of HCV persistent. On the other hand,
the dysfunction of the HCV infected PBMCs leads to immune
function decline or in disorder, and this becomes more difficult
for the host to clear intrahepatic HCV, so that the injure of
hepatocytes persists[17]. Although minus-strand HCV RNA is
the replicative form and not found in patient’s serum or plasma,
indicating that is a more convincing parameter for HCV
replication, some authors are still arguing that the minus-strand
HCV RNA in the blood cells including PBMC may be artifacts
from self-priming or mispriming during PCR reaction[18,19], or
contamination or passive absorption by circulating virus[20,21].
To overcome that point, the expression of HCV related proteins
in extrahepatic cells has become the key point for the
identification of HCV replication. Sansonno et al, found HCV
exists and replicates mainly in plasma of PBMCs, and the viral
proteins, such as core protein, NS3 were found to be expressed
in PBMCs[22]. Chen et al, analyzed the relationship between HCV
core expression in PBMCs and the diseased state of hepatitis C
patients and found that the core protein was more intensely
expressed in the nucleus of PBMCs from advanced chronic
hepatitis C patients than that from the moderate patients[11]. We
further performed an indirect immunofluorescent assay for
HCVNS5 protein and its expression was found mainly in
cytoplasma of PBMCs from patients with chronic hepatitis C.
Our results indicate that HCV not only replicates but also
produces its related protein in PBMCs.
IFN is known to possess both immunomodulatory and
antiviral activities. It is tempting to postulate that IFN therapy
may enhance the host immune response to promote the
clearance of HCV infection. IFN is currently the only approved
efficient drug for hepatitis C infection, and combined with
ribavirin, its antiviral activity will be increased[3,4,23]. Serum
HCV load and the HCV subtypes have been considered as the
major factors to influence the response to IFN therapy[28,29].
Others influencing factors include the increased amount of
MxA mRNA, the higher complexity of HCV quasispecies and
the frequency of mutations in NS5A region [30-33] . The
extrahepatic HCV replication, especially in the PBMCs, acts
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as a predicator for the response to IFN therapy needs to be
explored. Omata et al, reported a prospective IFN study, in
which most of patients treated with IFN obtained normalization
of serum aminotransferase, whereas only 3 cases from the
control showed such change (P<0.02); serum hepatitis C virus
RNA became undetectable in 10 of 11 treated cases, but in
only 1 of 12 patients of control group. IFN prevents the
progression of acute hepatitis C to chronicity by eradicating
HCV. The response of patients with chronic hepatitis C to IFN
treatment was significantly lower than that of patients with
acute hepatitis C. That the detection ratio of HC VRNA minus
in PBMC of chronic hepatitis C is significantly higher than
that of acute hepatitis C suggests that the replication of HCV
in PBMCs is an important factor influencing the response to
IFN treatment [24]. Löhr et al, reported that there was no
relationship between HCVRNA minus-strand in PBMC and
the response to IFN treatment[25]. Others reported that the
replication of HCVRNA in PBMC may be the source of relapse
after IFN treatment in chronic hepatitis C[26,27]. The different
HCV quasispecies in liver or PBMC may response to IFN
differently and the quasispecies in PBMCs should be
considered to predicator in response to IFN therapy[34-36]. Our
results show the replication of HCV RNA in PBMC can
influence the response to IFN. The patients with HCVRNA
minus-strands in PBMC had a significantly lower 6-month
sustained response to IFN, both biochemically and
virologically, than those without minus-strand, suggesting
HCV replication in PBMCs may be one reason for relapse
after treatment with IFN.
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Abstract
AIM: To study the effect of a novel targeted ribonuclease
(TN), the fusion protein of HBVc and human eosinophilderived neurotoxin (hEDN), on the HBV replication in vitro.
METHODS: The gene encoding the targeted ribonuclease
was cloned into pcDNA3.1 (-) to form recombinant eukaryotic
expression vector p/TN. Control plasmids, including p/hEDN,
p/HBVc, and p/TNmut in which a Lys113 Arg mutation was
introduced by sequential PCR to eliminate the ribonuclease
activity of hEDN, were also constructed. Liposome-mediated
transfection of 2.2.15 cells by p/TN, p/TNmut, p/hEDN, p/
HBVc, and pcDNA3.1 (-), or mock transfection was
performed. After that, RT-PCR was used to verify the
transgene expression. Morphology of the transfected cells
was observed and MTT assay was performed to detect the
cytotoxicity of transgene expression. Concentration of HBsAg
in the supernatant of the transfected cells was measured
using solid-phase radioimmunoassay.
RESULTS: Transgenes were successfully expressed in 2.2.15
cells. No obvious cytotoxic effect of transgene expression
on 2.2.15 cells was found. The HBsAg concentration in the
p/TN transfected cells was reduced by 58 % compared with
that of mock transfected cells. No such an effect was found
in all other controls.
CONCLUSION: The targeted ribonuclease can inhibit HBV
replication in vitro while it has no cytotoxicity on host cells.
The targeted ribonuclease may be used as a novel antiviral
agent for human HBV infection.
Liu J, Li YH, Xue CF, Ding J, Gong WD, Zhao Y, Huang Y. Targeted
ribonuclease can inhibit replication of hepatitis B virus. World J
Gastroenterol 2003; 9(2): 295-299
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INTRODUCTION
Hepatitis B virus (HBV) infection is still a major health concern
around the world. Globally, more than 350 million people are
infected by HBV, and some of them will evolve into liver
cirrhosis and hepatocellular carcinoma (HCC)[1-3]. Although
vaccination can elicit effective immunity in about 95 % of
inoculated people, the non-responders to vaccination who may
contact HBV infection in their life, the threat of escape mutants,

and the huge amount of currently infected people call for an
effective treatment[4-6]. Interferon-α (IFN-α) is the first choice for
the treatment of chronic HBV infection. However, the sustained
response rate to IFN-α treatment is only about 30 %[7]. IFN-α
can also cause many adverse effects, such as fatigue, fever,
neutropenia, autoimmune disease, psychological problems, and
so on[8]. Nucleotide analogues such as lamivudine can inhibit
replication of HBV via inhibiting the synthesis of minus-strand
DNA of HBV, but cease of the treatment usually leads to
relapse of the infection and drug-resistant virus variants have
emerged[9-11]. Antisense nucleotides and ribozymes have been
reported to suppress HBV replication in vitro[12-17]. However,
up to now, antisense nucleotides and ribozymes can generally
only moderately inhibit HBV replication intracellularly. In a
word, the limited efficacy of current treatment for HBV
infection justifies the search for new treatment strategy.
Capsid-targeted viral inactivation (CTVI), first proposed
by Natsoulis and Boeke in 1991, is a conceptually powerful
antiviral approach[18]. The principle of CTVI is to construct a
fusion protein of viral capsid protein and some degradative
enzyme. The capsid part of the fusion protein serves to target
the degradative enzyme to virions and the degradative enzyme
can specifically destruct the component of the virions. The
degradative enzymes used presently are nucleases though other
enzymes such as lipases and proteinases can also be used in
CTVI in principle. CTVI has been thoroughly investigated in
the experimental treatment for retrovirus, such as Moloney
murine leukemia virus (MMLV) and HIV, showing a promising
prospect as an antiviral treatment[19-26].
The replication of Hepadnavirus, including HBV, is unique
in DNA virus in that it needs a RNA intermediate and a reverse
transcription process[1]. This 3.5 kb RNA intermediate contains
all genetic information of HBV and is so called pregenomic
RNA (pgRNA). The pgRNA is first translated to both the
capsid, or core, protein (c protein) and the DNA polymerase
protein (P protein). Then the pgRNA is bound first by P protein
and cellular chaperones to form a complex which is then
encapsidated by C protein[27-29]. Inside the nucleocapsids, P
protein catalyzes the synthesis of minus-strand DNA via reverse
transcription and then the incomplete plus-strand DNA. The
nucleocapsids containing minus- and plus-strand DNA can
reenter nucleus or bud into endoplasmic reticulum and then
be released via secretory pathway out of host cells[30]. Cterminal 144-164 amino acids of C protein, rich in arginine, is
necessary for pregenome encapsidation since particles formed
by C mutant deleting this domain contain no pgRNA[31].
The replication characteristic of HBV hints CTVI can also
be applied to this malicious virus. Previously, we reported the
construction of a fusion protein of HBV C protein and a
ribonuclease, human eosinophil-derived neurotoxin
(hEDN) [32-34]. In this paper, we found that this fusion protein,
which was named as targeted ribonuclease in this paper, could
effectively inhibit the replication of HBV, while had no
cytotoxicity on host cells.

MATERIALS AND METHODS
Cell culture
2.2.15 cell line, human hepatoblastoma Hep G2 cell line stably
transfected by HBV genome[35-37], was kindly provided by Dr.
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Cheng (Chinese PLA 302 Hospital) and 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).

Plasmid construction
Targeted ribonuclease eukaryotic expression plasmid p/TN
(Figure 1) and control plasmids p/hEDN and p/HBVc were
constructed with the method previously reported[34]. Briefly,
cDNA coding for hEDN or HBVc was amplified by RT-PCR
from the total RNA isolated from HL60 cell line (kindly
provided by Professor Boquan Jin, Department of
Immunology, Fourth Military Medical University) or 2.2.15
cell line. Then, the PCR product was cloned into pUC18. After
verification of the correctness of the open reading frames of
the cloned hEDN and HBVc by sequencing, they were
subcloned into pcDNA3.1 (-) (Gibco Life Technologies), to
generate p/hEDN and p/HBVc, respectively, or they were
ligated together by T4 ligase (Gibco Life Technologies) and
the ligated DNA fragment was cloned into pcDNA3.1 (-) to
form p/TN. To construct control plasmid p/TNmut in which the
DNA fragment encoding hEDNmut (hEDN mutated for just one
amino acid, Lys113 Arg, which eliminates the ribonuclease
activity[38]) substituted for hEDN in p/TN, sequential PCR was
used to obtain hEDNmut-encoding DNA fragment (Figure 2 ).
For the first round of two separate PCR reactions, primers M1,
N2 and M2, N1 (all synthesized by Sangon Company, Shanghai)
were used, respectively, and pUC18/hEDN was used as template.
The sequences of the primers are as follows:
N1: 5’-GCA GAA ACC AAA ATA CTT TCC T-3’
N2: 5’-TCT GCA TCG CCG TTG ATA ATT-3’
M1: 5’-GCG CGG ATC CAC CAT GAA ACC TCC ACA
GTT TAC-3’
M2: 5’-GCG CGA GCT CGA TGA TTC TAT CCA GGT G-3’
The underlined nucleotides in N1 and N2 were used to
introduce the mutation. The PCR products of the two reaction
were mixed together. Two µL of the mixture was used as the
template, M1 and M2 were used as primers for the next round
of PCR. The PCR product of this round amplification was
cloned into pUC18 and sequenced for confirmation of the
mutation. Then the hEDNmut gene was subcloned into p/TN
to substitute hEDN gene to generate recombinant plasmid p/
TNmut. pcDNA3.1(-)/GFP was generated by transferring green
fluorescent protein (GFP) gene from pEGFP-N3 MCS
(Clontech, Palo Alto, CA) into pcDNA3.1(-).
pCMV
Bam HI Bam HI
Hind III
hEDN
pcDNA3.1(-)
BGHpA

Sac I
Hind III

Sac I

5 427 bp

HBVc

Amp

pCMV
Bam HI

Amp

pcDNA3.1(-)/TR
6 377 bp

hEDN
Sac I
HBVc
Hind III

BGHpA

Figure 1 Construction of p/TN. cDNA coding for hEDN or
HBVc was amplified by RT-PCR, ligated together, and then
cloned into pcDNA3.1 (-) to form p/TN.
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Primer M1

Primer N1

Primer M2

Primer N2
PCR 2

PCR 1
Product M1N2

Product M2N1
Primer M1
Primer M2
PCR 3
hEDNmut

Figure 2 Generation of hEDNmut gene by sequential PCR.
For PCR 1 and 2, pUC18/hEDN was used as template. Primers pair M1 and N2 were used in PCR 1 and N1 and M2 in PCR
2. For PCR 3, the mixture of PCR 1 and 2 product was used as
template and M1 and M2 as primers. The black dots in the
figure denote the nucleotides introducing the Lys113 Arg
mutation which eliminates the ribonuclease activity.

Transfection
Twenty-four h before transfection, 2.2.15 cells were seeded
into the culture plate at a 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/TNmut, p/hEDN, p/
HBVc, pcDNA3.1 (-), or mock solution (DMEM plus
LipofectamineTM 2000 reagent containing no plasmid) according
to the manufacturer’s protocol. The amount of LipofectamineTM
2000 reagent (approximately 3.1 µL/cm2 surface area in this
study) and the concentration of DNA (approximately 1 µg/cm2
surface area in this study) were first optimized in a preliminary
transfection of 2.2.15 cells by pcDNA3.1(-)/GFP in which GFP
gene was used as a reporter gene.
Confirmation of transgene expression by RT-PCR
Forty-eight h after the transfection, total RNA was isolated
from transfected 2.2.15 cells using Trizol® reagent (Gibco Life
Technologies) according to the manufacturer’s protocol. One
µL of total RNA was used as template. RT-PCR was performed
using SuperScript TM One-step RT-PCR kit (Gibco Life
Technologies) as recommended by the manufacturer. Forward
primer was T7 promoter primer which is upstream to the
multicloning site of pcDNA3.1 (-). Reverse primer was
complementary to pcDNA3.1/BGH reverse priming site which
is downstream to multicloning site of pcDNA3.1 (-). The
sequences of the two primers are as follows:
Forward primer: 5’-TAA TAC GAC TCA CTA TAG GGA GA-3’
Reverse primer: 5’-TAG AAG GCA CAG TCG-3’
The condition of RT-PCR was: 50 30 min, 94 2 min,
then 40 cycles at 94
30 s, 60
30 s, and 72
2 min. To
ensure that the amplified product was from RNA, but not DNA,
a control was set up for each RT-PCR reaction, in which the
reverse transcriptase was omitted.
Quantification of HBsAg in supernatant of cell culture
Forty-eight h after the transfection, the supernatant of the cell
culture was collected, and HBsAg in the supernatant was
quantified using the Solid Phase Radio-immunoassay Kit for
Quantification of HBsAg (Beimian Dongya Biotech Institute,
Beijing) according to the manufacturer’s protocol. Briefly,
200 µL of the supernatant was incubated with plastic bead
coated by anti-HBs Ab at 45
for 1.5 h. After thorough
washing, the bead with deionized water, 200 µL of 125I-labelled
secondary antibody was added and incubated at room

Liu J et al. Targeted ribonuclease inhibits HBV replication

temperature overnight. The bead was thoroughly washed, and
cpm was measured. The concentration of HBsAg of each
sample was obtained by comparing the cpm of each sample
with a standard curve.
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2.2.15 cells, the concentration of HBsAg in the supernatant of
2.2.15 cells transfected with p/TN was decreased by 58 %.

MTT assay
Forty-eight h after the transfection, 20 µL of MTT solution
(the concentration of MTT was 5 g/L) was added to each
well and the culture plate was incubated at 37
for 4 h,
then 150 µL of DMSO was added to each well and the plate
was shaken for 10 min. The A 490 value of each well was
obtained by an ELISA reader.

A

B

C

D

E

F

Statistical analysis
Variance analysis and Student’s t test were used for data analysis.
Differences were considered significant when P<0.05.
RESULTS
Transgene expression in 2.2.15 cells
As shown in Figure 3, the results of the RT-PCR indicated
that the transgenes were expressed in transfected 2.2.15 cells.
1 2 3 4 5 M 6 7 8 9 10

The effect of targeted ribonuclease on cell viability
The morphological alterations of the transfected 2.2.15 cells
were observed under microscope. There were no discernible
morphological differences of 2.2.15 cells transfected with p/
TN, as compared with the controls (Figure 4). To further
analyze the effect of targeted ribonuclease on cell viability,
MTT assay was performed. The A490 value of 2.2.15 cells
transfected with p/TN, p/hEDN, p/HBVc, p/TNmut, pcDNA3.
1 (-), and mock transfection was 0.425±0.065, 0.465±0.050,
0.410±0.075, 0.438±0.042 0.413±0.063, and 0.430±0.065,
respectively (x±s, n=4).
There were no significant differences between A490 value
of 2.2.15 cells transfected with p/TN and those of controls
(P>0.05). Taken together, these results indicated that the
targeted ribonuclease had no adverse effects on cell viability
and proliferation.
Inhibition of HBV replication by targeted ribonuclease
As shown in Figure 5, the concentration of HBsAg in the
supernatant of 2.2.15 cells transfected with p/TN was
significantly lower than controls (P<0.05), while that of 2.2.15
cells transfected with p/TNmut, p/hEDN, p/HBVc, pcDNA3.1
(-), or mock transfection did not significantly different from
each other (P>0.05). Compared with that of mock transfected

Concentration of HBsAg (µg/L)

Figure 3 Confirmation of transgenes expression in transfected
2.2.15 cell line. Forty-eight h after the transfection, total RNA
was isolated from transfected 2.2.15 cells and RT-PCR was performed to confirm the expression of transgenes. The RT-PCR
products were then electrophoresed in 1.2 % agarose gel. Lanes
1-5 represent the RT-PCR results for total RNA isolated from
2.2.15 cells transfected by p/TN, p/TNmut, p/HBVc, p/hEDN,
and pcDNA3.1 (-), respectively. Lanes 6-10 represent controls
corresponding to lanes 1-5, respectively, in which reverse transcriptase was omitted in RT-PCR. M: DNA Marker (2000, 1000,
750, 500, 250, 100bp from top to bottom).

Figure 4 Morphology of 2.2.15 cells 48 h after transfection. AF represent 2.2.15 cells transfected by p/TN, p/hEDN, p/HBVc,
p/TNmut, pcDNA3.1 (-), or mock transfection, respectively.
There were no discernible morphological differences of 2.2.15
cells transfected with p/TN, as compared with the controls.
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

A

B

C

D

E

F

Group

Figure 5 The HBsAg concentration in supernatants of transfected 2.2.15 cells. Groups A-F represent 2.2.15 cells transfected by p/TN, p/hEDN, p/HBVc, p/TNmut, pcDNA3.1 (-),
or mock transfection, respectively. The concentration of
HBsAg in the supernatant of 2.2.15 cells transfected with p/
TN was decreased by 58 % as compared with that of mock
transfected 2.2.15 cells.

DISCUSSION
Theoretically, CTVI has many advantages in the treatment of
viral infection[39]. First, CTVI is highly specific. This high
specificity is conferred by the encapsidating capacity and selfassembly property of the viral capsid protein which is used as
a targeting molecule in CTVI. Second, CTVI is highly efficient.
The nuclease, which is used as an effector molecule in CTVI,
is a protein enzyme, and its catalytic efficiency is higher than
ribozyme. Third, escape mutants may rarely if not impossibly
arise in case of CTVI since viral capsid proteins generally play
important roles in virus assembly and infection. Fourth, while
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ribozyme and antisense RNA can only be used clinically in
the form of gene therapy, CTVI can be used in the form of
either gene therapy or recombinant protein drug. The results
of experimental research also indicate that CTVI is a promising
antiviral strategy. Boeke et al. reported that the fusion protein
of Gag of murine Moloney leukemia virus (MMLV) and
staphylococcus nuclease could reduce the infection titer of
MMLV by 20-60 %, while that of Gag and ribonuclease H1 of
E. coli could inhibit the production of MMLV by 97-99 %[21,24].
Recently, Schumann et al. tested the antiviral effect of CTVI
in vivo using transgenic murine models[26]. They found Gagnuclease fusion protein could significantly inhibit MMLV
replication, ameliorate the symptoms, and increase the life span
up to 2.5 fold in transgenic mice. Furthermore, they found
that the fusion protein was nontoxic for transgenic mice,
confirming the previous in vitro cell culture results[19-25]. In
this report, we demonstrated that targeted ribonuclease
constructed by us (the fusion protein of HBVc and hEDN)
could reduce the concentration of HBsAg in the supernatant
of the transfected 2.2.15 cells by 58 %. Although it is
controversial that the decrease of HBsAg concentration is
caused by some factors other than the inhibition of HBV
replication by targeted ribonuclease, our results strongly
disprove this argument. First, the fact that transfection of p/
TN decreased HBsAg concentration in the supernatant while
p/HBVc and p/TNmut, which are identical to p/TN except for
only one amino acid mutation but lose ribonuclease activity,
indicates that the reduction of HBsAg is dependent on the
activity of the ribonuclease in the fusion protein targeted
ribonuclease. Second, transfection of p/hEDN did not affect
the HBsAg concentration, showing that the reduction of HBsAg
relies on the existence of HBVc in the fusion protein. Our
present results are most consistent with a model that the targeted
ribonuclease encapsidates the pgRNA together with wild type
capsid protein and then degrades it (also see below). This model
has been corroborated by some recent research reports[19-26, 40].
On the other hand, 58 % reduction of HBsAg in the supernatant
of 2.2.15 cells caused by the targeted ribonuclease might be
an underestimate for the inhibition of HBV replication since
besides present in mature virions as envelope protein, a large
amount of HBsAg was synthesized and secreted as 22 nm
spherical and filamentous particles by 2.2.15 cells using
2.1kb HBV mRNA as transcript which, unlike pgRNA, can
not be encapsidated and therefore may not be degraded by the
targeted ribonuclease[35,37]. Therefore, even if the targeted
ribonuclease can strongly inhibit HBV replication, there might
still be a large amount of HBsAg secreted extracellularly. The
mechanism for the decrease of HBsAg concentration caused
by the targeted ribonuclease might be as follows: the
degradation of HBV pgRNA by targeted ribonuclease leads to
the decrease of P and C protein of HBV since pgRNA also
acts as mRNA for the translation of both proteins. The reduction
of pgRNA, P and C protein will impair the assembly of viral
capsid and then reduce the mature virions released from host
cells. Further analysis including Northern and Southern blot is
being performed in this laboratory to clarify the degree of
inhibition on HBV replication by the targeted ribonuclease
and to elucidate at what stage of HBV replication the targeted
ribonuclease exerts its antiviral role.
In the process of this study, Beterams and Nassal reported
their CTVI application for inhibition of HBV replication in
vitro[40]. Although both their research and ours used the same
strategy against HBV replication and both used HBVc as the
target molecule, the effector molecules adopted were different.
Bererams et al. used staphylococcal nuclease (SN) and we used
hEDN. Compared with SN, hEDN may be more suitable for
the treatment of HBV infection in human beings because as a
human-origin molecule, hEDN will not induce specific
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immunity which may not only decrease the efficacy of CTVI
but also induce immunopathological response. The difference
of the effector molecules also means the targets of CTVI in
the two studies were different. SN is generally believed to be
active only extracellularly because it requires a high Ca2+
concentration present extracellularly but not intracellularly for
its activity[41]. Therefore, SN-capsid protein incorporated into
the virion is only active in degrading the viral nucleic acids
upon release of the virion from the cell into an extracellular
milieu[18-19, 21, 23, 25-26]. According to this scheme, the targeted
SN in Beterams et al’s study can only degrade the relaxed
circular (RC) DNA of mature virion released form the cell.
Although they suggested in their reports that targeted SN might
be mildly activated intracellularly by somewhat unknown
mechanism and then cut pgRNA and minus-strand DNA of
HBV, their results showed targeted SN had no significant effect
on pgRNA. In contrast, the effector molecule in our study,
hEDN, is a ribonuclease. Therefore, the target molecule
degraded by the targeted ribonuclease constructed by us is most
probably HBV pgRNA, the only RNA stage in the replication
of HBV. As stated above, this notion is also supported by our
experimental results, since the ribonuclease activity of hEDN
is necessary for the anti-HBV effect of targeted ribonuclease.
Similarly, onconase, an amphibian ribonuclease was reported
to inhibit HIV replication intracellularly by degrading HIV
RNA[42]. The degradation of HBV pgRNA will not only lead
to less mature virions released from host cells, which means
secreted viral particles had lower infectivity, but also inhibit
the amplification of HBV closed circular DNA (cccDNA)
which is downstream to pgRNA in HBV replication[43]. This
inhibition on HBV cccDNA amplification is of pivotal
significance for the treatment of chronic HBV infection since
the amplification of cccDNA, the template for all HBV
transcripts, plays a major role in the persistence of HBV in
infected hepatocytes[1, 30].
In summary, we constructed a novel targeted ribonuclease
which can specifically inhibit HBV replication but has no
cytotoxicity for host cells. Our results raise the possibility of
using the targeted ribonuclease as a therapeutic agent for human
HBV infection. For this purpose, we are generating recombinant
adenovirus vector carrying the targeted ribonuclease to test its
antiviral efficacy in HBV murine model.
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Abstract
AIM: To investigate the interaction between hepatitis C virus
core protein and translin protein and its role in the
pathogenensis of hepatocellular carcinoma and lymphoma.
METHODS: With the components of the yeast two hybrid
system 3, “bait” plasmids of HCV core the gene was
constructed. After proving that hepatitis C virus core protein
could be firmly expressed in AH109 yeast strains, yeast twohybrid screening was performed by mating AH109 with Y187
that transformed with liver cDNA library plasmids - pACT2
and then plated on quadrople dropout (QDO) medium and
then assayed for α-gal activity. Sequencing analysis of the
genes of library plasmids in yeast colonies that could grow
on QDO with α-gal activity was performed. The interaction
between HCV core protein and the protein we obtained from
positive colony was further confirmed by repeating yeast
two - hybrid analysis and coimmunoprecipitation in vitro.
RESULTS: A gene from a positive colony was the gene of
translin, a recombination hotspot binding protein. The
interaction between HCV core protein and translin protein
could be proved not only in yeast, but also in vitro.
CONCLUSION: The core protein of HCV can interact with
translin protein. This can partly explain the molecular
mechanism for hepatocellular carcinoma and lymphoma
caused by HCV.
Li K, Wang L, Cheng J, Lu YY, Zhang LX, Mu JS, Hong Y, Liu Y,
Duan HJ, Wang G, Li Li, Chen JM. Interaction between hepatitis
C virus core protein and translin protein- a possible molecular
mechanism for hepatocellular carcinoma and lymphoma caused
by hepatitis C virus. World J Gastroenterol 2003; 9(2): 300-303
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INTRODUCTION
The core protein of hepatitis C virus (HCV) is the structural
protein of the virus[1-4]. However, some evidences suggested

that this protein has a pleiotropic nature. In addition to having
a packaging function, the core protein has been shown to act
in trans on the viral and cellular promoters and it is also capable
of transformation of rat embryonic fibroblasts through
cooperation with the ras oncogene. Previous studies showed
that the core protein could interact with several proteins such
as lymphotoxin-β Receptor, heterogeneous nuclear
ribonucleoprotein K, RNA helicase[5-8]. In order to understand
the pathogenesis of HCV infection we examined the possibility
that the HCV core protein interacts with cellular proteins.

MATERIALS AND METHODS
Material
Bacterial, yeast strains and Plasmids All yeast strains and
plasmids for yeast two-hybrid experiments were obtained from
Clontech (Palo Alto, Calif., USA) as components of the
MATCHMAKER Two Hybrid System 3. Yeast strain AH109
(MATa, trp1-901, leu2-3,112, ura3-52, his3-200, gal4 ,
gal80 , LYS2::GAL1UAS-GAL1TATA-HIS3, GAL2UAS-GAL2TATAADE2 URA3::MEL1TATA-lacZ MEL1) containing pGBKT7-53,
coding for DNA-BD/mouse p53 fusing protein and AH109
used for cloning of bait plasmids, yeast strain Y187(MATα
ura3-52, his3-200, Ade2-101, trp1-901, leu2-3, 112, gal4 ,
gal80 , met-, URA3::GAL1 UAS- GAL1 TATA -lacZ MEL1)
containing pTD1-1, in which pACT2 coding for AD/SV40
large T antigen fusing protein and Y187 used for cloning of
library plasmids. Pretransformed cDNA liver cell library Y187.
Bacterial strain DH5α used for cloning of every shuttle plasmid.
Yeast-Escherichia coli shuttle plasmids pGBKT7 DNA-BD
cloning plasmid, pGADT7 AD cloning plasmid, pGBKT7-53
control plasmid, pGADT7, pGBKT7-Lam control plasmid,
pCL1 plasmid from Clontech L.T.D Company(K1612-1).
pGEM T vector from Promega Company, USA.
Chemical agents and cultural media Taq DNA polymerase
purchased from MBI Company, T4 DNA ligase, EcoRI and
BamHI restricton endonuclease from Takara. c-Myc
monoclonal antibody secreted by 1-9E10.2 hybridoma
(ATCC), goat anti-mouse IgG conjugated with horseradish
peroxidase from Zhongshan Company,China. Lithium Acetate,
semi-sulfate adenine, Acrylamide and N, N’-Bis-acrylamide
from Sigma, TEMED from Boehringer Mannheim. Tryptone
and yeast extracts from OXOID. X-α-Gal and Cultural media:
YPDA, SD/-Trp SD/-Leu, SD/-Trp/-Leu, SD/-Trp/-Leu/-His,
SD/-Trp/-Leu/-His/-Ade from Clontech L.T.D Company.
protein-G agarose from Roche. RT-PCR kit and TNT® Coupled
Reticulocyte Lysate Systems from Promega. [35S]-methionine
(.1 000 Ci/mmol; 10 mCi/ml) from Isotope company of china.
Amplify Fluorographic Reagent (#NAMP100) from Amersham
Life Sciences. Others from Sigma company.
Methods
Construction of “bait” plasmid and expression of HCV core
protein Plasmid pGBKT7-core (Figure 1) containing full-
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length HCV core gene was constructed by insertion of HCV
core gene in-frame into EcoRI/BamHI site, which could direct
expression of DNA binding domain, c-myc and core fusion
protein. After the plasmid was transformed into yeast strain
AH109 by using Lithium Acetate method[9]. Western blotting
was performed to confirm the expression of the fusion protein
by using c-myc monoclonal antibody. Transformed AH109 was
cultured on quadrople dropout media to exclude the auto-activity.
f1 ori

ADH1 promoter

TRP1 gene
TRP1 promotor

DNA-BD
c-Myc
Eco RI (1 300)
pGBKT7-core
7 876 bp

HCV-core
Bam HI (1 882)

2u

ADH1 terminator
pUC ori

Kan
Figure 1 “bait” plasmid pGBKT7-core.

Two-hybrid library screening using yeast mating One large
(2-3-mm), fresh (<2 months old) colony of AH109[bait] was
inoculated into 50 ml of SD/-Trp and incubated at 30
overnight (16-24 hr) with shaking at 250-270 rpm. Then the
cells were spinned down by centrifuging the entire 50-ml
culture at 1 000×g for 5 min and supernatant Decanted the cell
pellet was resuspended in the residual liquid by vortexing. The
entire AH109[bait] culture and the 1-ml library were combined
and cultured in a 2-L sterile flask and Add 45 ml of 2X YPDA/
Kan was added and swirl gently. After 20 h mating, the cells
were spinned down and resuspened then spreaded on -50 large
(150-mm) plates, containing 200 ml of SD/-Ade/-His/-Leu/Trp (QDO). After 6-18 days grew, the yeast colonies were
transferred onto the plates containing X-a-Gal to check for
expression of the MEL1 reporter gene(blue colonies).
Plasmid isolation from yeast and transforming E.coli with
yeast plasmid Yeast plasmid was isolated with Lyticase
method (provided by Clontech), and transformed into E. coli
by using elctroporation [10], transformants were plated on
ampicilin LB selection media, then, isolating plasmids from
E.coli and sequencing analysis.
To confirm the true interaction in yeast To confirm the true
protein-protein interaction and exclude false positives, the
plasmids of positive colonies were transformed into yeast strain
Y187, next mating experiments were carried out by mating
with yeast strain AH109 containing pGBKT7-core or
pGBKT7-Lam. After mating ,the diploids yeast were plated
on QDO covered with X-α-gal (Figure 2).

pGBKT7-core

pACT2-library

RT-PCR In order to clone the full-length gene, RT-PCRs
were conducted by using PCR primers the designing based
on the information of GenBank. The genes amplified by RTPCR were ligated into yeast plasmid pGADT7.
In vitro translation Mixture of TNT® reticulocyte 25 µl, TNT®
reactio buffer 2 µl, T7 TNT® RNA polymerase 1µl, amino acids
mixture (minus methionine, 1 mM) 1µl, [35S]methionine 2 µl,
Rnasin® nuclease inhibitor (40u/µl) 1µl, DNA template
(pGBKT7-core or pGADT7-library gene) (0.5 µg/µl) 2 µl,
ddH2O 50 µl, 30
incubated 90 minutes.
Coimmunoprecipitation The following reactants were
combined in a 1.5-ml microcentrifuge tube on ice: Five µl in
vitro translated bait protein, 5 µl in vitro translated library
protein. The control only added 10 µl pGBKT7-core plasmid.
The mixtures were incubated at 30
for 1 hr. Then, the
following reagents added into the reaction tubes: 470 ml
coimmunoprecipitation buffer (20 mM Tris-HCl (pH 7.5), 150
mM NaCl, 1 mM DTT, 5 µg/ml aprotinin, 0.5 mM PMSF, 0.1 %
Tween 20), 10 µl Protein-G Agarose Beads, 10 µl c-Myc
Monoclonal Antibody. Incubated at 4 for 2 hr with continuous
rocking. The tubes were centrifuged at 14 000 rpm for 1-2
min. The supernatants were removed. 0.5 ml TBST added to
the tubes. Rinse steps were repeated three times. 15 ml SDSloading buffer were added. The samples was heated at 80
for 5 min. The tubes were placed on ice. Briefly centrifuged,
and 10 µl loaded onto an SDS-PAGE minigel to begin the
electrophoretic separation. After electrophoresis, the gel was
transfered to a tray containing Gel Fixation Solution, and placed
on a rotary shaker for 10 min at room temperature. Rinsed the
gel with H2O, then Amplify Fluorographic Reagent was added
shaked for 20 min at room, then dryed at 80 under constant
vacuum. The gel was exposed to a X-ray film overnight at
room temperature. The film was developed by using standard
techniques.

RESULTS
Expression of the “bait” fusion protein
Yeast strain AH109 transformed with pGBKT7-core could
stably express the fusion protein at high level (Figure 3) and
could only grow on SD/-Trp medium and could not grow on
QDO medium. Thus, the transformed yeast could be used for
yeast hybrid analysis.
1

2

Figure 3 Western blotting showed the expression of HCV core
protein in yeast (arrow indicated). lane 1 is HCV core protein
and lane 2 is negative control.

AH109
Y187

301

QDO
pGBKT7-Lam/library

Figure 2 To confirm the interaction.

Bioinformatic analysis After sequencing the positive colonies,
the sequences blasted with GenBank to analogize the function
of the genes.

RT-PCR experiments The yeast two hybrid analysis showed
30 blue colonies grew on QDO plates containing X-α-Gal.
After confirming the true interaction in yeast, we isolated the
plasmids from the blue colonies containing only pGBKT7core and one library plasmid other than other plasmids.
Sequencing the gene and blasted with the data from GenBank,
a gene is translin. To further prove the interaction between
HCV core protein and translin protein (Translin), a pair of
primer were designed based on the gene of translin (Forward:
5’-GAA TTC ATG TCT GTG AGC GAG ATC TTC GTG G
-3’, down: 5’-GGA TCC CTA TTT TTC AAC ACA AGC
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TGC TGC C-3’), up and down primers containing EcoRI and
BamHI restriction endonuclease site, respectively. Total RNAs
were prepared from HepG2, A 687bp fragment was amplified
by using RT-PCR (Figure 4A). After cut by EcoRI/BamHI,
the fragment was in-frame ligated into pGADT7 EcoRI/BamHI
site (Figure 4B).
M

M

15 000
2 000

1 000

1 000
750
500
250

500

pGADT7-translin

Translin-1

Figure 4 a 687bp fragment-translin, amplified by RT-PCR. (A)
pGADT7-translin cut by EcoRI/BamHI (B).

In vitro coimmunoprecipitation
HCV core protein containing 192 aa, Mr=20 968, is smaller
than Translin containing 228aa, Mr=26 182. Lane 1 showed
two protein could interact with each other, lane 2 was only
HCV core protein.(Figure 5).
1

2

Translin
protein
HCV core protein

HCV core protein

Figure 5 lane 1 HCV core protein and translin protein, lane 2
HCV core protein.

DISCUSSION
Hepatitis C virus infects an estimated 170 million persons
worldwide and thus represents a viral pandemic. Progression
to chronic disease occurs in the majority of HCV-infected
persons[11-17], and some patients can develop to hepatocellular
carcinoma[18] and lymphoma. Infection with the virus has
become the main indication for liver transplantation. Although
research advances have been impeded by the inability to grow
HCV easily in culture, there have been some insights into
pathogenesis of the infection and improvements in treatment
options. The core protein of HCV is a multifunctional protein
involved in several processes; it is phosphorylated and has both
cytoplasmic and nuclear localization and thus it may play multiple
roles in the viral life cycle[3,4]. Several studies also suggested
that it has regulatory roles for viral and cellular genes[19,20] and
possesses transformation activity. More recent studies revealed
that the core protein can interact with tumor necrosis factor
receptor-1, lymphotoxin β-R and viral envelope protein 1 (E1)
and also forms a complex with apolipoprotein AII of the lipid
droplet[ 21]. A recent report showed that the HCV core protein
can suppress the cisplatin- and c-Myc-mediated apoptotic
effect, supporting its role in the establishment of persistent
HCV infection[22]. But there have reverse results that that the
core protein also has the ability to enhance cell death triggered
by LT-βR ligand or anti-Fas monoclonal antibody. Some
research considered that the core protein of HCV can induce
steatosis and hepatocellular carcinoma in transgenic mice[23,24].
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Thus, the molecular mechanism by which the HCV core protein
and HCV induce hepatocellular carcinoma is not clear. Recent
epidemical research indicated that a significant increase in the
prevalence of HCV infection in a group of B-cell nonHodgkin’s lymphoma(NHL)[25-29] .
In this study, yeast two-hybrid system was used to clone
oncogenic gene. Yeast two-hybrid system 3 based on the
system originally designed by Fields and Song[30] is developed
by Bendixen[31], which is commercially available from Clontech
Company L.t.d. In this system, the promoters controlling HIS3,
ADE2, and MEL1 expression in AH109 have significantly
fewer false positives and the simple mating protocol
significantly reduces the labor and time involved in performing
a two-hybrid library screening and improves the chances of
finding rare protein-protein interactions and leads to more
reproducible results.
The “bait” plasmid pGBKT7-core was transformed into
yeast strain, After mating with liver cDNA library yeast strain
Y187, the diploid yeast cells were plated on QDO media
containing X-α-gal, 30 true positives were obtained.
Sequencing analysis of isolated library plasmids, we find one
of the genes is translin[32] - a recombination hotspot binding
protein. In order to further conform the interaction between
the expressed protein and HCV core protein, we performed
the experiment of coimmunoprecipitation of both proteins. A
strong interaction between the HCV core protein and Translin
protein in vitro was observed.
A number of studies have shown that chromosomal
translocations either result in the activation of proto-oncogenes
by joining them to immunoglobulin (Ig) or T-cell receptor
genes or lead to the creation of tumor-specific fusion proteins.
In man, such translocations consistently occur at particular sites
in the genome. Translin protein, which specifically binds to
the consensus sequences ATGCAG and GCCC (A/T) (G/C)
(G/C) (A/T) found at the breakpoint junctions in many cases
of chromosomal translocations, is a unique DNA binding
protein[33]. The nuclear translocation of translin protein only
happened in the time when the cells were treated with mutagen.
translin protein may be a typical DNA end binding protein,
which is in contrast with one of the other DNA binding proteins,
the Ku antigen, that initially binds to DNA ends and then moves
to internal positions within the DNA molecule[34]. Previous
report showed that translin protein was not found in liver
tumors. But in this study, we found the gene expressed in liver
tumor cell HepG2 and in liver cDNA library. And the
interaction between translin protein and HCV core protein not
only existed in yeast, but also in vitro. The results suggested
that translin protein may play a role in hepatocellular
carcinoma. But there has had no report giving the evidence
that the patients infected with HCV other than HBV have the
chromosomal translocation, whether the hepatocellular
carcinomas caused by infection of HCV have chromosomal
translocation worthy of further studying.
The effects of translin protein on normal lymphocytes need
the induction by some factors such as mutagens or biological
factors (HCV infection). In lymphoproliferative disorder
patients infected with HCV, some reports showed
chromosomal translocation happened in B-cell[35,36]. Therefore,
our report indicated a molecular mechnism that the interaction
between HCV core protein and translin protein may trigger the
B-cell progressing into lymphoma in patients infected with HCV.
How the interaction between the HCV core protein and translin
protein causes chromosomal translocation or rather, causes
lymphoma, more experiments are necessary to elucidate it.
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Abstract
AIM: Hepatitis B surface antigen (HBsAg) mutant of hepatitis
B virus (HBV) is one of the important factors that result in
immune escape and cause failure of immunization. In this
study we reported and characterized a novel HBV mutant
with A-to-G at nt551 and intended to provide theoretical
data for prevention of HBV infection in China.
METHODS: A methodology comprising polymerase chain
reaction (PCR) amplifying, M13 bacteriophage cloning and
nucleotide sequencing was used to analyze the sera of the
pediatric patient who was hepatitis B (HB) immune failure.
Expression plasmids containing the mutant S gene and a
wild-type (adr) S gene were constructed respectively and
the recombinant HBsAg were expressed in COS-7 cells under
the regulation of SV40 early promoter. The recombinant
proteins were investigated for their immunological reactivity
with different monoclonal antibodies (mAb) against ‘a’
determinant and vaccine-raised human neutralizing
antibodies.
RESULTS: It was found that there was a new point mutation
at nt551 of the HBV (adr) genome from A to G, leading to a
substitution of methionine (Met) to valine (Val) at position
133 in the ‘a’ determinant of HBsAg. Compared to the wildtype HBsAg, the binding activity of the muant HBsAg to
mAbs (A6, A11 and S17) and to vaccine-raised human antihepatitis B surface antibody (anti-HBs) decreased significantly.
CONCLUSION: According to the facts that the patient has
been immunized with HB vaccine and that the serum is antiHBs positive and HBsAg negative, and based on the
nucleotide sequence analysis of the mutant HBV S gene
and its alteration of antigenicity, the HBV is considered to
be a new vaccine-induced immune escape mutant different
from the known ones.
Chen HB, Fang DX, Li FQ, Jing HY, Tan WG, Li SQ. A novel
hepatitis B virus mutant with A-to-G at nt551 in the surface
antigen gene. World J Gastroenterol 2003; 9(2): 304-308
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INTRODUCTION
From late 1980’s, there has been increasing number of reports
on hepatitis B (HB) patients with atypical HBV serological
markers. Analysis of HBV in those patients demonstrated

mutants[1-6]. Mutations could be found within the C gene, S
gene, P gene and X gene[7,8]. HBsAg encoded by the S gene
carries the common determinant ‘a’, as well as ‘d’ or ‘y’ and
‘w’ or ‘r’ subtype determinant, and is classified into four major
subtypes, i.e. adw, adr, ayw, ayr. Two amino acid (aa) residues
encoded by S gene at codon positions 122 and 160 have been
postulated to determine the different antigenic subtypes[9]. The
most important S gene mutations are those affecting the
antigenicity of HBsAg ‘a’ determinant (aa 124 to 147) to which
the major immune-target of neutralizing polyclonal antibodies
reacted. In this way, the HBsAg mutants can escape detection
by current methods and influence the effect of HBV vaccines.
There have been several reports on HBV S gene mutants
affecting amino acid positions 126, 129, 131, 141, 144 and
145 of HBsAg[10-12]. In this report, we described a rare variant
of HBV isolated from a pediatric patient whose serum was
negative for HBsAg and positive for anti-HBs. Sequence
analysis revealed the substitution at position 133 (Met to Val)
in the ‘a’ determinant within S gene. Using a panel of three
mAbs (A6, A11 and S17) against ‘a’ determinant and vaccineraised anti-HBs, the recombinant mutant HBsAg showed less
binding activity than the wild-type HBsAg. Taken together,
the data we presented clearly demonstrated that the substitution
results in antigenic alteration and may allow the mutant virus
to escape the detection by standard HBsAg assays.

MATERIALS AND METHODS
Patient
The patient, male, 4 years old, was born to a HBV carrier
mother. He had been immunized with HBV vaccine on a
conventional 0-1-6 schedule, i.e., 3 injections of HBV vaccine
were given at 0, 1 and 6 month (s) old respectively. The virus
markers of his serum were anti-HBs positive, HBsAg negative
and HBeAg positive, as well as positive for HBV DNA by
PCR and high level of alanine transaminase (ALT) 200 IU·L-1.
Extraction and amplification of HBs DNA
The viral DNA was extracted from the serum sample using
the standard method. Briefly, 100 µl serum was treated with
proteinase K, phenol and chloroform, and then DNA was
precipitated with ethanol. The resulted DNA was resuspended in
20 µl didistilled water for later use. A nested PCR method[13,14]
was used to amplify HBV S gene fragment. The external
primers were 5’-ACATACTCTGTGGAAGGC-3’ (nt2 756 to
nt2 773, forward) and 5’-TATCCCATGAAGTTAAGG-3’
(nt884 to nt867, reverse). The internal primers were 5’CGGGATCCATATTCTTGGGAACAAG-3’ (nt2 826 to
nt2 844, forward, underlined is a BamHI site) and 5’CACTGCAGGGTTTAAATGTATACCCA-3’ (nt839 to
nt821, reverse, underlined is a PstI site). The PCR was carried
out for 30 cycles, each cycle including 94 denaturation for
1 minute, 50
annealing for 1 minute and 72
chain
elongation for 2 minutes.
Nucleotide and amino acid sequence analysis
The PCR-amplified HBV S gene fragments (about 1.2 kb) were
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cleaned with a QIAquick spin column (Qiagen). The DNA
was digested with both BamHI and PstI, and then ligated by
T4 DNA ligase with M13mp18 RF DNA cut with the same
restriction enzymes. The ligated DNA was used in the
transformation of E.coli JM105 cells and the recombinant
phages were recognized by loss of β-galactosidase activity in
the culture plate containing X-gal and IPTG. The singlestranded recombinant DNA was prepared according to the
standard protocol[15]. The S gene sequence was determined on
an ABI PRISMTM 377XL sequencer (PE Applied Biosystems,
USA) and sequence analysis was performed using Release
6.70 of the PCGENE package (IntelliGenetics Co.). The
HBsAg ‘a’ determinant coding regions of 48 defined HBV
genotypes downloaded from National Center for Biotechnology
Information (NCBI) were analyzed comparatively.

Construction of expression plasmids and transient protein
expression
The process followed the reference [16-18] . Briefly, the
construction of recombinant wild-type and mutant HBsAg
expression plasmids started with a plasmid pS300 which was
constructed from pSP65 carrying the SV40 early promoter
sequence, the preS/S gene and the poly (A) signal sequence of
HBV. For construction of the major HBsAg expression
plasmid, the preS1 and preS2 regions were deleted by
restriction enzyme digestion. COS-7 cells were cultured in
DMEM/HG medium supplemented with 5 % fetal calf serum,
two million units/ml of ampicillin and one million units/ml of
kanamycin under the condition of 5 % CO2, 37 . The cells
in 60-mm dishes were transfected with 10 µg of the expression
plasmids using calcium phosphate precipitation method. 72
hours later, the transfected cells were collected into 1.5-ml
Eppendorf tubes, washed with 10 mM PBS (pH7.4) and
resuspended with 500 µl (for each dish) of 10 mM PBS (pH7.4).
The cells were disrupted by freezing and thawing for 5 times,
and then centrifuged at 8 000 rpm for 5 minutes. The
supernatants contained the recombinant HBsAg proteins.

305

Recombinant HBsAg antigen immunoassay and epitope analysis
A solid phase radioimmunoassay (RIA) method was applied
for detecting the binding activity of the expressed HBsAgs
with mAbs. In brief, polystyrene beads were coated with mAbs
against different epitopes of HBsAg respectively and then
incubated with the expressed HBsAgs overnight at room
temperature. The beads were washed thoroughly and incubated
with 125I-labeled anti-HBs (Beijing Atomic Energy Institute).
Bound antibodies were detected as counts per minute (cpm) in
LKB 1 272 gamma counter. To evaluate the reactivity of
vaccine-raised human anti-HBs to recombinant wild-type
HBsAg and mutant HBsAg, an enzyme-linked immunosorbent
assay (ELISA) was established as follows[19-21]: plates were
coated with size filtrated and volume concentrated antigen from
expression cell culture; Plasma from five HBV vaccinated
individuals were pooled and serially diluted human anti-HBs
was incubated in the plates at 37
for 90 minutes. Bound
human IgG was detected by a second incubation with
horseradish peroxidase (HRP) conjugated murine monoclonal
anti-human IgG; The reactivity was determined by enzyme
catalyzed OPD colour development and the results were
expressed as absorbance units at 490 nm.
RESULTS
HBs variant nucleotide and amino acid sequence analysis
The HBs DNA sequence of the novel mutant was shown in
Figure 1. The adenosine (A) at nt519 and the guanosine (G) at
nt633 indicated that the mutant belonged to adr subtype[22].
Sequence comparison between the mutant and 48 defined HBs
genotypes revealed a new nucleotide mutation at nt551 from A
to G, leading to the amino acid alteration at position 133 from
Met to Val in the ‘a’ determinant. The mutant was first reported
and its sequence data have been deposited with GenBank DNA
databases under the accession number AF052576. The
comparative analysis of HBsAg ‘a’ determinant coding regions
of different HBV genotypes was shown in Figure 2.

DNA SEQUENCE 1203 BP; 254 A; 354 C; 265 G; 330 T; 0 OTHER
ATGGGAGGTT GGTCTTCCAA ACCTCGACAA GGCATGGGGA CGAATCTTTC TGTTCCCAAT 2907
CCTCTGGGAT TCTTTCCCGA TCACCAGTTG GACCCTGCGT TCGGAGCCAA CTCAAACAAT 2967
CCAGATTGGG ACTTCAACCC CAACAAGGAT CACTGGCCAG AGGCAAATCA GGTAGGAGCG 3027
GGAGCATTCG GGCCAGGGTT CACCCCACCA CACGGCGGTC TTTTGGGGTG GAGCCCTCAG 3087
GCTCAGGGCA TTTTGACAAC AGTGCCAGTA GCACCTCCTC CTGCCTCCAC CAATCGGCAG 3147
TCAGGAAGAC AGCCTACTCC CATCTCTCCA CCTCTAAGAG ACAGTCATCC TCAGGCCATG 3207
CAGTGGAACTC CACAACATT CCACCAAGCT CTGCCAGACC CCAGAGTGAG GGGCCTATAC 052
TTTCCTGCTG GTGGCTCCAG TTCCGGAACA GTAAACCCTG TTCCGACTAC TGCCTCACCC 112
ATATCGTCAA TCTTCTCGAG GACTGGGGAC CCTGCACCGA ACATGGAGAG CACAACATCA 172
GGATTCCTAG GACCCCTGCT CGTGTTACAG GCGGGGTTTT TCTTGTTGAC AAGAATCCTC 232
ACAATACCAC AGAGTCTAGA CTCGTGGTGG ACTTCTCTCA ATTTTCTAGG GGGAGCACCC 292
ACGTGTCCTG GCCAAAATTC GCAGTCCCCA ACCTCCAATC ACTCACCAAC CTCTTGTCCT 352
CCAATTTGTC CTGGTTATCG TTGGATGTGT CTGCGGCGTT TTATCATATT CCTCTTCATC 412
CTGCTGCTAT GCCTCATCTT CTTGTTGGTT CTTCTGGACT ACCAAGGTAT GTTGCCCGTT 472
TGTCCTCTAC TTCCAGGAAC ATCAACTACC AGCACGGGAC CATGCAAGAC CTGCACGATT 532
CCTGCTCAAG GAACCTCTGTG TTTCCCTCT TGTTGCTGTA CAAAACCTTC GGACGGAAAC 592
TGCACTTGTA TTCCCATCCC ATCATCCTGG GCTTTCGCAA GATTCCTATG GGAGTGGGCC 652
TCAGTCCGTT TCTCCTGGCT CAGTTTACTA GTGCCATTTG TTCAGTGGTT CGTAGGGCTT 712
TCCCCCACTG TTTGGCTTTC AGTTATATGG ATGATGTGGT ATTGGGGGCC AAGTCTGTAC 772
AACATCTTGA GTCCCTTTTT ACCTCTATTA CCAATTTTCT TTTGTCTTTG GGTATACATT 832
TAA
835
Figure 1 The complete nucleotide sequence of the mutant S gene. The A-to-G mutation site at nt551 of HBV genome is in bold
letter. The underlined are the EcoRI-like site, the initiation codon of HBsAg and the amino acid codon (ATG to GTG) respectively.
The first C of the EcoRI-like site (GAACTC) is counted as nt1. The GenBank accession number of the sequence is AF052576.
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The amino acid position on the ‘a’ determinant of

HBsAg
Gene names

124

133

137

139

147
(subtypes)
HPBA11A

(adr)

Cys

Met

Cys

Cys

Cys

TGC ACGATTCCTGCTCAAGGAACCTCT ATG TTTCCCTCT TGT TGC TGT

ACAAAACCTTCGGACGGAAAC TGC
HPBADRM

(adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBCGADR (adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HBVADR

(adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HBVADR4

(adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBB4HST1(adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBADR1CG(adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBADRA

(adr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HEHBVAYR (ayr)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBC5HK02(ayw)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBB5HK01(ayw)

--- ------------------------ --- --------- --- --- --- --------------------- ---

HPBC4HST2(adr)

--- ------------------------ --- C-------- --- --- --- --------------------- ---

HPBADRC

(adr)

--- ------------------------ --- --------C --- --- --- --------------------- ---

HPBCG

(adr)

--- ------------------------ --- --------- --- --G --- --------------------- ---

HPBC6T588(adr)

--- -----------------C------ --- --------- --- --- --- --------------T------ ---

HPBADWZ

(adw)

--- ----C------------------- --- --------A --- --- --- ---------A----------- ---

HPBADW3

(adw)

--- ----C------------------- --- --------A --- --- --- ---------A----------- ---

HBVP6CSX (adw)

--- --A-C------------------- --- --------A --- --- --- ---------A----------- ---

HPBA2HYS2(adw)

--- --A-C------------------- --- --------A --- --- --- ---------A----------- ---

HBVP4CSX (adw)

--- --A-C------------------- --- --------A --- --- --- ---------A----------- ---

HBVCGWITY(adw)

--- --AGC------------------- --- --------A --- --- --- ---------A----------- ---

HPBA3HMS2(adw)

--- --A-C------------------- --- --------A --- --- --- ---------A----T------ ---

HPBA1HKK2(adw)

--- --A-C------------------- --- --------A --- --- --- ---------A----T------ ---

HPBADW2

(adw)

--- --A-C------------------- --- --------A --- --- --- ---------A----T------ ---

HPBADW1

(adw)

--- --A-C------------------- --- --------A --- --- --- ---------AT---T------ ---

HVHEPB

(ayw)

--- ----C------------C-A---- --- --------A --- --- --- ---------A----T-----T ---

HPBADWZCG(ayw)

--- ----C------------C-A---- --- --------A --- --- --- ---------A----T-----T ---

HBVP3CSX (ayw)

--- ----C-A----------------- --- -A------C --- --- --- --C-----------------T ---

HBVP6PCXX(ayw)

--- ----C-A----------------- --- -A------C --- --- --- --C-----------------T ---

HBVP2CSX (ayw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBVAYWGEN(ayw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBVP5PCXX(ayw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBVP4PCXX(adr)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBU46935 (adr)

--- -----CA----------------- T-- -A------A --- --T --- --------------------T ---

HPBMUT

(ayw)

--- -T--C------------------- --- -A------C --- --- --- --------------------T ---

XXHEPAV

(ayw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBVAYWE

(ayw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HPBAYW

(ayw)

--- -T--C-A----------------- --- -A------C --- --- --- --C-----------------T ---

HBVAYWC

(ayw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBVAYWMCG(ayw) --- ----C------------C-A---- --- -A------C --- --- --- --C-----------------T --HPBADW2

(adw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HBVDNA

(adw)

--- ----C------------------- --- -A------C --- --- --- --C-----------------T ---

HPBVCG

(adw)

--- ----C------------------- T-- A-------A --- --- --- --------------------T ---

HBVADW

(adw)

--- ----C------------C-A---- -A- --------A --- --- --- ---------A----T-----T ---

HBVADW2

(adw)

--- ----C------------C-A---- --- --------A --- --- --- ---------A----T-----T ---

HBVXCPS

(adw)

--- ----C------------C-A---- --- --------A --- --- --- ---------A----T-----T ---

HBVAYWCI (adw)

--- ----C------------C-A---- --- --------A --- --- --- ------A-------T-----T ---

HBVADW4A (adw)

--- --A-C---T---A----------- --- --------C --- --- --- TCC-----C------------ ---

Figure 2 Comparative analysis of the HBsAg ‘a’ determinant coding regions of different HBV genomes. HBsAg ‘a’ determinant
is a conformational epitope which has a special two-loop construction kept by the disulfide bonds between Cys124 and Cys137,
Cys139 and Cys147, respectively. 48 HBV genome sequences were downloaded from National Center for Biotechnology Information (NCBI), USA (http://www.ncbi.nlm.nih.gov). “Gene names” are their names in the original gene databases. Here the labeled
ones are from DDBJ, the labeled are from EMBL, and the
labeled are from GenBank.
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Recombinant HBsAg transient expression in COS-7 cell
The recombinant wild-type HBsAg and mutant HBsAg were
expressed under the regulation of SV40 early promoter in COS7 cells in a transient fashion. Only secreted HBsAg in culture
supernatant was examined for expression. There was no
obvious expression yield difference between the wild-type and
mutant recombinant HBsAg based on protein silver staining
on SDS-PAGE.
Immunoreactivity analysis
To compare the reactivity of recombinant wild-type HBsAg
and mutant HBsAg to antibodies, the quantity of the antigens
must be the same. Because both the wild-type and mutant HBV
were known to be adr subtypes, an anti-‘d’ determinant mAb,
S4 (Shanghai Institute of Biological Products), was used for
the standardization of the HBsAgs. After series of dilution and
detection, both HBsAg preparations were adjusted to a protein
concentration of 2.1 ng/ml. Three different anti-‘a’ determinant
mAbs, A6, A11 and S17, were selected to characterize the
binding activity of the expressed HBsAgs. In the condition of
the same concentration of HBsAg proteins determined by anti‘d’ mAb, the reactivity of the mutant HBsAg to three anti-‘a’
mAbs were unexceptionally weaker than that of the wild-type
HBsAg, as shown in Table 1. The recombinant wild-type and
mutant HBsAgs were also tested for their relative reactivity to
vaccine-raised human anti-HBs. Clearly, pooled human HBV
vaccinated antisera decreased its binding strength to the mutant
HBsAg by about 5-fold by ELISA assay, as shown in Table 2.
As control, the cell culture supernatant without recombinant
plasmid transfection did not bind to human antisera in this
assay. The results demonstrated that the Met-to-Val substitution
at amino acid position 133 of HBsAg led to the antigenic
alteration.
Table 1 Detection of immunoreactivity of the expressed HBsAgs
to anti-‘a’ monoclonal antibodies by radioimmunoassaya
Anti-‘a’ monoclonal
antibodies

Wild-type HBs
(133Met)

Mutant HBs
(133Val)

A6

1118 (5.82)

774 (3.93)

A11

932 (4.80)

744 (3.76)

S17

945 (4.87)

630 (3.14)

a
Counter per minute (cpm), the number in the parentheses is
P/N value. According to the solid RIA kit producer’s
recommendation, P/N=(sample cpm-background)/(negative
control cpm-background). Untransfected cells were used as
negative control, average cpm was 240. Blank polystyrene
beads were used as background, average cpm was 58. P/N
2.10 is considered to be positive reactivity. The more the P/N
value, the stronger the reactivity.

Table 2 Immunoreactivity of vaccine-raised human anti-HBs
to ricombinant wild-type HBsAg and to recombinant mutant
HBsAg in an ELISA assay
Plate coated with

Wild-type rHBsAg

Vaccine-raised anti-HBs

1:1

Absorbance at 490 nm

2.45 1.32 0.71 0.28

1:2

1:4

1:8

Mutant rHBsAg
1:1

1:2

1:4

Control
1:8

0.53 0.28 0.15 0.06
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which is made up of a special two-loop structure kept by the
disulfide bonds between Cys124 and Cys137, Cys139 and
Cys147, respectively. This structure projects out from the
surface of the HBV particle[23]. The HBV DNA template is
transcribed by cellular RNA polymerase to pregenomic RNA,
which in turn is reverse transcribed to DNA by virus
polymerase. This unique way of HBV replication means a
significant tendency to mutation[8,19]. On the other hand, the
pressure of immunoprophylaxis with HB immunoglobulin and/
or vaccines is another important cause to result in escape
mutants[23-28]. Up to date, in the reports about HBV vaccine-induced
escape mutants, the most popular one is that with glycine to
arginine at aa145 of HBsAg. The mutation decreased the binding
activity of HBsAg to mAbs[23,29]. There was another vaccineinduced escape mutant of HBV from an immunized child with
anti-HBs positive. The aspartic acid at aa144 was substituted by
an alanine in HBsAg, and anti-‘a’ monoclonal antibody assay
showed the mutant HBsAg had weak reactivity[12]. We also
reported a different mutant of HBV with isoleucine at aa126
replaced by serine[30]. It seemed that the Ser126 mutant was
not an antibody-induced escape mutant since anti-HBs was
not detected in the patient. Besides, the mutations, situated
closely adjacent to the ‘a’ determinant, could also change the
entire immunodominant region structure and therefore weaken
the antigenicity even though no mutations were found within
this ‘124-147’ region[31]. Hence, the classical definition of the
‘a’ immunodominant region may need to be extended to require
adjacent amino acids to support its comformation[32-34].
In this report, we characterize a novel HBV mutant with
A-to-G at nt551. The substitution of Met to Val at position
133 in the ‘a’ determinant of HBsAg results in the decrease of
reactivity of the recombinant HBsAg to anti-‘a’ mAbs and
vaccine-raised human anti-HBs. Since the major B-cell
antigenic epitope resides in the group specific ‘a’ determinant
region, which is reported to be conformational[35], the data we
presented clearly demonstrated that the mutation affects the
conformation of the ‘a’ determinant and alters the antigenicity
of HBsAg, leading to HBsAg escape from the detection by
standard HBsAg assays. Our observations further indicate that
the mutation in the HBV surface gene may lead to a
considerable decrease of properly folded surface antigens
which may render the virus particle less immunogenic in
producing an effective neutralizing anti-HBs to clear the virus.
According to the fact that the patient has been immunized with
HBV vaccine and that the serum is anti-HBs positive and
HBsAg negative, the HBV variant we report here is considered
to be a new vaccine-induced immune escape mutant.
This antigenically divergent HBV mutant is important for
both clinical and diagnostic reasons[36,37]. Therefore, further
studies using expressed mutant HBs proteins and accumulation
of additional cases will be required for elucidation of the
mechanism of the loss of antigenicity.
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Abstract
AIM: Helicobacter pylori can be diagnosed by invasive or
non-invasive tests but to obtain bacteria for culture and
antibiotic susceptibility testing, an upper GI endoscopy is
often required. The string test may be a minimally-invasive
alternative method of obtaining H. pylori samples. This study
evaluates the sensitivity and specificity of the string test in
the diagnosis of H. pylori in comparison with endoscopic
means of diagnosis.
METHODS: This was a prospective open comparative study
of patients with dyspepsia with endoscopy-based tests as
gold standard (defined as a positive CLO test and antral
histology). Fasting patients swallowed the encapsulated-string
(Entero-test Hp), which was withdrawn after 1 hour. The
gastric juice from the string was plated onto H. pylori-selective
media for culture. Helicobacter pylori was identified by typical
colony morphology, gram stain and biochemical test results.
RESULTS: Thirty dyspeptic patients were recruited of whom
21 (70 %) were positive for H. pylori according to the gold
standard. The sensitivity, specificity, positive predictive value,
and negative predictive value for the string test were 38 %,
100 %, 100 % and 41 % respectively, and for endoscopic
biopsies 81 %, 100 %, 100 %, 69 % respectively (P=0.004).
Logistic regression showed that only abundant growth
density from endoscopic biopsy cultures to be a predictor of
a positive string test (P=0.018).
CONCLUSION: The string test is an alternative method to
endoscopy in obtaining H. pylori but has a low sensitivity
compared to endoscopic biopsies.
Leong RWL, Lee CC, Ling TKW, Leung WK, Sung JJY. Evaluation
of the string test for the detection of Helicobacter pylori. World
J Gastroenterol 2003; 9(2): 309-311
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INTRODUCTION
The diagnosis of H. pylori can be made by invasive or noninvasive tests[1]. While non-invasive methods offer distinct

advantages in terms of cost, ease-of-effort and comfort to
patients, the retrieval of H. pylori for microscopy, culture, DNA
analysis, cytotoxin profiling, strain identification and antibiotic
susceptibility testing often require an endoscopy with gastric
mucosal biopsies. With a rising incidence in antibiotic
resistance, failed eradication therapy now occurs in up to 20 %
of all patients[2,3]. In this situation, obtaining H. pylori for
antibiotic susceptibility testing may be necessary, with the goal
of choosing an appropriate antibiotic regimen that will result
in likely successful eradication of resistant organisms[3,4]. In
this regard, there is a growing need to develop a cost effective
and minimally-invasive means of obtaining the bacteria for
culture and antibiotic susceptibility testing[4,5].
The string test consists of an encapsulated string that is
swallowed and then later withdrawn orally along with gastric
juice that may harbor H. pylori. It may be a method by which
H. pylori can be obtained with minimal invasiveness. Studies
have shown string test sensitivity as high as 78 % to 97 %[4,6].
However these results are achieved in highly specialized centers
with a dedicated team and expertise in the string test technique.
The same high sensitivity may not be reproduced in a standard
microbiology laboratory with less experience with this
procedure. Other studies used PCR on the string test to improve
the sensitivity through the detection of H. pylori-specific
DNA[7-10]. However this method does not obtain live H. pylori
for culture and antibiotic susceptibility testing. We therefore
evaluated the utility of the string test compared with endoscopybased methods and more specifically the sensitivity and
specificity of culture from the string compared with culture
from endoscopic biopsies.

MATERIALS AND METHODS
Patient selection
Adult patients, 18-80 years of age, with dyspepsia were
prospectively recruited from the Endoscopy Department of the
Prince of Wales Hospital, prior to oesophagogastroduodenoscopy
(OGD). Patients were excluded if they had previous H. pylori
eradication therapy, recent use of antibiotics, histamine receptor
antagonists or proton pump inhibitors within the 4 weeks prior
to OGD, a previous endoscopy or diagnostic test for H. pylori,
predominant reflux symptoms, or previous gastric surgery or
gastric malignancy. Signed informed consent was obtained
from every patient. The study was in accordance with the
declaration of Helsinki.
String test
The string test protocol was based on that described by Samuels
et al[6]. The patients had fasted overnight prior to presentation.
A 7 mm diameter gelatin capsule, which contained a 90 cmlong nylon string with a weighted end, was used for the string
test (Enterotest HP, HDC Corporation, San Jose, CA, USA).
A 20 cm-long portion of the string was pulled out from the
capsule, and this proximal end was tapped to the patients’ cheek
to prevent the whole string from being swallowed. The capsule
was then swallowed with up to 200 ml of water. The capsule
dissolved within the gastric lumen releasing the string to absorb
the gastric mucus. After an hour the string was retrieved orally.
The proximal 30 cm of the string was cut using sterile scissors
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and discarded. The distal gastric acid-impregnated string was
flushed with 5 ml of normal saline to reduce contamination by
naso- and oropharyngeal organisms, then placed into a sterile
specimen bottle containing 3 ml of brain-heart-infusion broth
(BHIB) and immediately sent for processing. Gastric juice was
squeezed from the string and the juice and approximately 5
microliter aliquot was plated onto each of two different H.
pylori-selective media-Skirrows agar (containing vancomycin
10 mg/L, trimethorprim 5 mg/L, polymixin B 2 500 IU/L) and
Wilkins-Chalgren agar with Dent supplement (vancomycin
10 mg/L, trimethoprim 5 mg/L, cefsulodin 5 mg/L, amphotericin
B 5 mg/L). The remaining BHIB/gastric juice was centrifuged
at 14 000 rpm for 5 minutes. The supernatant was discarded
and the concentrated pellet was resuspended in 200 microliter
of BHIB and plated onto another set of the same 2 selective
media. Therefore, every patient’s string sample was inoculated
onto 4 culture plates. The plates were incubated in microaerophilic conditions, (37 , 10 % carbon dioxide) and 95100 % humidity. On day 3-4, suspected H. pylori colonies
were identified and replated onto horse-blood agar and cultured
for up to 7 more days. Formal identification was made by
typical colony morphology, Gram stain, and positive
biochemical test results (oxidase, catalase, and urease tests).
Contaminants were gram stained but not formally identified.
Patients underwent OGD and had an antral biopsy taken
for rapid urease test (CLO test, Tri-Med, Va, USA), and 2
antral and 2 body biopsies for histopathology, and 2 antral
biopsies for culture. The gold standard for the presence of H.
pylori was defined by a positive CLO test and antral
histopathology. Growth of H. pylori from antral biopsies was
graded as scant, moderate or abundant growth corresponding
with the H. pylori colonies found in 1, 2 or=3 quadrants of the
culture plate respectively. Antral specimens were examined
with hematoxylin-eosin stain and Giemsa stain and examined
by a pathologist unaware of the patient’s H. pylori status.
Helicobacter pylori seen on antral histology was graded
according to the Sydney system as normal (no H. pylori), mild
(focal bacteria), moderate (bacteria in several areas), or marked
(abundance of bacteria in most glands)[11].

Statistics
The Chi square test was used for comparison of categorical
data and the Fisher’s exact test was used when an expected
variable was below 5 %. The McNemar test was used to detect
the symmetry of the differences between the string test and
other tests. A P value of <0.05 was considered significant.
RESULTS
Thirty-three patients were approached to participate in this
study. One patient refused participation and 2 patients
attempted to but could not swallow the string capsule due to
gagging and dry retching. The remaining 30 patients (14 males
and 16 females with mean age of 52 years, age range 19-77
years) had both the string test and the OGD. There were no
complications from the string test or from the OGD, apart from
minor transient discomfort or gagging on swallowing the string
test and during withdrawal of the string.
Twenty-one out of 30 (70 %) patients had H. pylori infection
based on the gold standard definition of a positive CLO test
and antral histopathology. The string test detected H. pylori in
only 8 patients and was negative in 22 patients. The sensitivity,
specificity, positive predictive value and negative predictive
value for the string test were 38 %, 100 %, 100 % and 41 %
respectively. In comparison, the endoscopic biopsy culture
method yielded a positive result in 17 patients with a sensitivity,
specificity, positive predictive value and negative predictive
value of 81 %, 100 %, 100 % and 69 %, respectively. (P=0.004).
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Figure 1 illustrates this difference. The McNemar test showed
that the string test result was significantly different to the gold
standard (P<0.001), endoscopic biopsy culture (P=0.004),
CLO test (P<0.001) and histopathology (P<0.001). The
comparison between the string-test and with the OGD-based
tests is presented in Tables 1 and 2.
100

String test
OGD-biopsy
culture

P=0.004

80
Percent

310

60
40
20
0
Sensitivity

Specificity

Figure 1 Comparison of the sensitivity and specificity of the
culture results by the string test and from the endoscopic
biopsies.
Table 1 Results of the 4 tests in detecting Helicobacter pylori
Helicobacter
pylori status

+
+
+
-

CLO
test

Histology

Antral
biopsy culture

+
+
+
-

+
+
+
+
-

+
+
-

String
Number of patients
test culture
(n=30)

+
-

8*
9
4
1
8

+ denotes positive test; - denotes negative test. * one patient
with a positive CLO test but the antral histopathology was not
performed. He was counted as a positive case for this study.
Table 2 The sensitivity, specificity, positive predictive value,
negative predictive value and the accuracy of the string test
compared to endoscopy-based tests
Sensitivity
%

CLO test
Antral histology
Antral biopsy culture
String test culture

100
100
81
38

Specificity
%

PPV
%

NPV
%

Accuracy
%

100
95
100
100

100
89
100
100

100
100
69
41

100
97
77
57

The string test was more likely to be positive when there
was also abundant growth of H. pylori from endoscopic biopsies,
and less likely to be positive for moderate, scant or no growth
(string test positive in 80 % and 16 % respectively, P=0.011,
Table 3). However, the string test result was not statistically
associated with the density of H. pylori organisms on antral
histopathology (string test positive in 50 % of cases of marked
density and 18 % of moderate or lower density, P=0.158, Table
4). Logistic regression showed that abundant growth from
endoscopic biopsy cultures to be the only significant predictor
of a positive string test (OR: 23.1, 95% CI: 1.71-310, P=0.018).
Overall on OGD, 18 (60 %) patients had endoscopic
findings (5 patients with peptic ulcer disease and 13 patients
with gastroduodenitis). The string test was positive in 4 out of
5 (80 %) patients with peptic ulcers, 3/13 (23 %) of patients
with gastroduodenitis, and 1/12 (8 %) of patients with no
pathology (P=0.009).
The concentrated Skirrow medium provided the best result
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for the string test and grew H. pylori in all 8 patients who had a
positive string test result. In contrast the Wilkins-Chalgren
medium was positive in only 2 of these patients. Contamination
of the plates with naso- and oropharyngeal organisms was the
main reason for the low string test sensitivity, and occurred in
37/60 Wilkins-Chalgren plates, and 18/60 of the Skirrow plates.
The contaminants were predominantly gram positive cocci and
gram negative rods. A few plates had fungal contaminants. The
plates with the concentrated BHIB were more likely to grow H.
pylori, but also tended to have more contaminants. We attempted
to reduce the load of oropharyngeal commensals by having the
patients gargle their throats with water just prior to string
extraction. However this did not improve the overall sensitivity
of detecting H. pylori (data not presented). Contamination of the
batch BHIB was excluded by the use of a fresh BHIB sample as a
negative control. There was no growth of contaminants from this
negative control. Also no contamination was reported from the
antral biopsy cultures, which were also transported in BHIB.
Table 3 The results of the string test according to the growth
rate of cultures from endoscopic biopsies
Cultures of endoscopic biopsies and growth
rate of Helicobacter pylori
Abundant

Moderate

Scant

No growth

1

2

6

13

4

1

3

0

5

3

8

14

String test negative
(n=22)
String test positive
(n=8)
Total

Table 4 The results of the string test according to the density
of Helicobacter pylori on antral histology
Antral histology and density of Helicobacter pylori
Marked

String test negative
(n=22)
String test positive
(n=8)
Total

Moderate

Mild

None present

4

8

2

8

4

2

2

0

8

10

4

8

DISCUSSION
The string test demonstrated only 38 % sensitivity in detecting
H. pylori at our center contrasting previous results[4,6]. In
contrast, direct endoscopic mucosal biopsy cultures yielded a
significantly higher sensitivity of 81 %. This low sensitivity
of the string test could be attributable to either overgrowth of
contaminants, or failure to collect sufficient H. pylori onto the
string, or death of the organisms during handling.
To prevent oropharyngeal and nasopharyngeal organisms
from overgrowing the culture plates require the use of H. pyloriselective media. We only used 2 types of H. pylori selective
media (total of 4 plates per patient) whereas 3 types were used
in Samuel’s study[6]. Samuel’s study showed that there was no
clear superiority of any one selective medium over another
and that different strains of H. pylori may unpredictably
preferentially grow in a certain medium and not the others.
Therefore the use of all 3 media may improve the pick up rate[6].
However, other experts have advocated on the use of only 2
types of selective plates for identifying H. pylori[12].
Helicobacter pylori may have been successfully collected
on the string but plate contaminants or improper handling may
have resulted in the negative culture. PCR can be performed
to detect H. pylori-specific DNA sequences and this may

increase the positive results. Previous studies have shown the
high sensitivity of PCR-based string test[7-10]. In one study the
string test sensitivity increased from 37 % with culture to 93 %
when PCR was utilized [8]. However PCR testing is not a
practical alternative in many centers and this will add to the
overall cost of diagnosis. Also the main purpose of H. pylori
culture in adults is to determine antibiotic susceptibility and
this information is not determined by PCR.
The string test reported by Samuels et al with very high
sensitivity rate of 97 % requires intensive laboratory methods,
is labor-intensive, and requires the use of many culture plates.
A vacuum hood was used when plating the selective media
and this might reduce airborne contamination. String tests were
processed immediately without refrigeration and this may
improve the viability of the H. pylori. Six plates, instead of 4,
were used and this may have also improved the yield of culture[6].
Therefore, while the string test is an alternative method to an
OGD for obtaining samples of H. pylori, the low sensitivity
coupled with the demanding methodology may mean that it is
not a realistic or possible option in many laboratories at present.
Modifications of the methodology are required.
In conclusion, the string test is a minimally-invasive test
to obtain H. pylori. As with other H. pylori culture techniques
it has 100 % specificity but in contrast to previous studies, a
low sensitivity was demonstrated. Despite the use of H. pyloriselective media, overgrowth of commensal organisms remains
the major obstacle with this technique.
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Abstract
AIM: To verify the expressing efficiency and angiogenesis
effect after administration of expression vector encoding
for vascular endothelial growth factor D in normal and
ischemic rat liver.
METHODS: Ten female S-D rats were administrated with
liver tissue dot injection of naked PCHO/hVEGF-D, 50 µg/
dot, three dots for each. The same amount of physiological
saline was used as control in the neighboring lobe. Forteen
S-D rats, using inflow occlusion of left lateral lobe, were divided
into two groups, seven rats in each group. One was ischemic
plasmid group, which received naked plasmid PCHO/hVEGFD injection of 150 µg. The other received the equal amount
of natural saline injection and designed as control. The
expressions of hVEGF-D in mRNA and protein levels were
identified by in situ hybridyzation and immunohistochemistry,
respectively. Endothelial cells were labeled by the factor VIII
immunohistochemistrically. The average number of perisinusoidal capillaries of each group was calculated and
compared statistically 8 days after injection.
RESULTS: A large amount of hVEGF-D in mRNA level was
found in both normal and ischemic plasmid groups and but
none in their corresponding control groups. The protein of
hVEGF was also highly expressed in both normal and ischemic
plasmid groups than in the controls. The mean number of
capillaries under microscopy (×200) of the plasmid group and
control was 10.2±2.78 vs 7.1±2.02 (P<0.05), and those of
ischemic plasmid group and ischemic control were 7.43±1.72
vs 4.71±1.11 with statistical difference (P<0.05).
CONCLUSION: The naked PCHO/hVEGF-D dot injection to
normal, ischemic rat liver can produce comparatively high
expression of hVEGF in both protein and mRNA levels, and
prominently increase the number of new capillaries around
hepatic sinuses. Therefore, it could be another ideal choice
for the treatment of ischemic liver diseases.
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INTRODUCTION
Nowadays, the liver has become the most important target
organ for gene therapy because of its unique structure and
complex functions. Owing to its particular situation with respect
to the blood circulation, the liver can serve as a secretory organ
for the systemic delivery of therapeutic proteins. The liver
parenchyma is readily accessible to large molecules such as
DNA fragments or recombinant viruses present in the blood
on account of its peculiar endothelium. Great progress has been
achieved in various gene transfer protocols aimed at delivering
genes to the normal or the pathologic liver in the last dacade[1,2].
Angiogenesis is a process of new blood vessel development
from pre-existing vasculature. It plays an essential role in
embryonic development, normal growth of tissues, wound
healing, the female reproductive cycle, as well as a major role
in many diseases. One of the most important growth and
survival factors for endothelium is vascular endothelial growth
factor (VEGF). VEGF induces angiogenesis and endothelial
cell proliferation and it plays an important role in regulating
vasculogenesis[3-5]. Many previous studies also proved the
antiangiogenic effect of VEGF antisense gene therapy for
hepatic carcinoma and the killing effect of suppression of VEGF
on gastric cancer cells[6,7].
Most of the liver conditions were proved to be involved in
the morphological and pathological changes of intra-hepatic
vessels[8-11]. Previous studies demonstrated that, when liver
under the state of chronic inflammations, chronic necrosis and
fibrosis, the density of microvessels were presumed to reduce
probably due to the decreased expression of angiogenesisrelated growth factors such as VEGF, insulin-like growth
factor, and over expression of transforming growth factor beta,
platelet-derived growth factor[12-15]. The expression vector for
VEGF has been used to treat various ischemic diseases both
experimentally and clinically for nearly ten years[16-20].
In order to verify the expression efficiency and angiogenesis
effect after administration of expression vector for VEGF-D, we
carried out experimental studies on normal and ischemic rat livers.
MATERIALS AND METHODS
Large scale preparations of plasmid
Eukaryotic expression plasmid PCHO/hVEGF-D was kindly
presented by Prof. Miyuki Shimane (Chugai Institute, Japan). After
transformation to E Coli DH5alpha, large scale plasmid was
prepared, purified into TE at the concentration of 1 g/L, according
to the instruction of Megaprep kit (Promega Co Ltd., German).
A 2.0 kb fragment was cut from PCHO/hVEGF-D by
restriction enzymes, EcoR I and BamH I , as the probe for this
hVEGF-D. The probe was labeled using randomly primed
labeling method(Shanghai Sangon Co.Ltd, China).
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Animal operations and groups
Studies on normal rat livers 10 healthy female SpragueDawley rats, weighing 200-220 g, were bought from the
Experimental Animal Center of Tongji Medical University. After
anaesthetized by pentobarbital (40 mg·kg-1 intraperitoneally),
all the rats were laparotomized and given liver tissue dot
injection of naked PCHO/hVEGF-D, 50 µg/dot, three dots
for each. The same amount of NS (natural saline) was used
as self-control in the neighboring lobe.
Study on ischemic rat liver Forteen S-D rats, using inflow
occlusion of left lateral lobe, were divided equally into two
groups. One is study group, each received naked plasmid
PCHO/hVEGF-D injection in the amount of 150 µg by dot
injection as above. The other group received the equal amount
of natural saline injection for each and designed as control.
All the rats were sacrificed 8 days after the operation and
liver samples with injection were collected and fixed in 10 %
neutral-buffered formalin, embedded in paraffin and cut into
4-6 µm sections.
Immunohistochemical method
The sections were deparaffinized, rehydrated, and treated with
anti-VEGF antibody (Santa Cruz, Britain) and Factor VIII
related antibody (Zymed, USA), their proteins were identified
according to the instructions of SABC kit (Zhongshan Bio.
Co. Beijing, China).
Positive rate was evaluated by Integral Score method from
three aspects: positive cell distribution, intensity and pattern,
as reported before[21]. The positive integral scores of VEGF
protein were compared between plasmid group and controls,
ischemic group and ischemic controls.
Microvessel density was compared between groups. First
choose three most abundant areas under microscopy ×100,
count effective vessels under microscopy ×200 and calculated
the average number in each group and compare their
difference.
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Figure 1 In situ hybridization in normal rat liver with PCHO/
hVEGF-D injection, positive stained hepatocyte (hVEGF-D
mRNA), ×200.

Figure 2 In situ hybridyzation, ischemic rat liver with injection of PCHO/hVEGF-D Microscopy, positive stained
hepatocyte(hVEGF-D mRNA), ×200.

In situ hybridyzation
The investigation procedure was referred to related
references[22]. The in situ hybridization kit was purchased from
Boshide Biological Technology Limited Company (Wuhan,
China,). In situ hybidization was performed according to the
manufacturer’s instructions.
Statistical analysis
Student’s t test was used for comparison of results among
different groups. Values were expressed as means ± SD.A P
value of less than 0.05 was considered statistically significant.
RESULTS
Results in normal rat liver
A large amount of hVEGF-D mRNA was identified in plasmid
group but none in control group. The hVEGF-D mRNA was
located in the cytoplasm of hepatocytes, vascular endothelium,
and some Kupffer cells. In the areas around vessels, there were
relative more positive cells.
The protein of hVEGF was expressed in cytoplasm mainly
in hepatocytes and some endothelial cells in both plasmid and
control groups. The stain integral scores of plasmid group and
control were 6.0±1.63 and 3.7±2.31 respectively. The
difference between the two groups was significant (Student t
test, T=2.74>2.62, P<0.05) (Figure 1).
The mean numbers of capillaries under microscopy (×200)
of the plasmid group and control were 10.2±2.78 and 7.1±2.02,
respectively, with very significant difference (paired Student t
test, T=3.59>3.25, P<0.01) (Figure 2).

Figure 3 Immunohistochemistry. Normal rat liver vascular
endothelial cells labeled by Factor VIII, ×200.

Figure 4 Immunohistochemistry. Normal rat liver injected by
PCHO/hVEGF-D, VEGF protein stained positive hepatocytes, ×400.
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Results in ischemic rat livers
The mRNA of hVEGF-D was found in the study group, but
none in the control. The positive cells and location were similar
to the normal rat liver studies.
The average expression score of VEGF protein in plasmid
group was higher than that of control ones (5.84±1.72 vs
3.69±1.53, P<0.05), (Fgure 3). The average number of vessels
under microscope (×200) was 7.43+/-1.72 in plasmid group and
4.71+/-1.11 in control group with statistical difference (P<0.05).
DISCUSSION
VEGF-D (also known as c-fos-induced growth factor or FIGF)
was first cloned by Yamada in 1997 from human lung cDNA
library[23]. It is 2 028bp long and encodes for 354 amino acid
most closely related to VEGF-C [23]. It shares structural
homology and receptor specificity with VEGF-C, suggesting
that VEGF-C and VEGF-D represent a subfamily of the
VEGFs. VEGF-D is initially synthesized as a precursor protein
containing unique N- and C-terminal propeptides in addition
to a central receptor-binding VEGF homology domain (VHD).
Similar to VEGF-C, VEGF-D binds, the cell surface receptor
tyrosine kinases VEGF receptor 2 (VEGF R2/Flk-1/KDR) and
VEGF R3 (Flt-4). VEGF R2 and VEGF R3 were localized in
vascular and lymphatic endothelial cells and signal for
angiogenesis and lymphangiogenesis[24]. The gene for VEGFD maps existed in the chromosome XP22.31 in human[23].
Numerous techniques and approaches have been
investigated for gene transfer to the liver. For the gene therapy
of hepatic diseases in animal experiments, exogenous genes
were usually delivered to the liver through the portal vein, bile
duct injection and by direct liver injection[25-30]. The most simple
is direct DNA injection. More than 20 years ago, studies
pioneered the use of DNA, either naked and complexed with
calcium phosphate, for gene transfer to various organs
including the liver[31]. Dr. M Anner Hickman presented studies
on the direct injection of plasmid DNA, which resulted in
significant gene expression in the liver. The cats injected with
a plasmid for a reporter gene were noted to exhibit peak
expression of the gene 24-48 hours after intrahepatic injection.
Residual reporter gene expression could be noted up to 6 weeks
later[32]. In our studies, 8 days after gene PCHO/hVEGF-D
injection, VEGF proteins were markedly expressed in liver tissues.
The PCHO/hVEGF-D was specifically designed for
mammal expression. It not only cloned the full length of VEGFD cDNA, but also inserted a special promoter Efalpha.
Therefore, it could have a relatively high expression efficiency.
In our first part of studies, we tried to ascertain its expression
efficiency in vivo with naked gene transfer. The result was the
same as we anticipated, and the microvessel density of the
injected tissue was promoted as an effect of VEGF protein.
Early in 1999, Marconcini L reported that Figf/Vegf-D was
a potent angiogenic factor in rabbit cornea in vivo in a dosedependent manner. In vitro Figf/Vegf-D induced tyrosine
phosphorylation of VEGFR-2 and VEGFR-3 in primary human
umbilical cord vein endothelial cells (HUVECs) and in an
immortal cell line derived from Kaposi’s sarcoma lesion (KSIMM). The treatment of HUVECs with Figf/Vegf-D induced
dose-dependent cell growth [33] . Recently Byzova TV
demonstrated in vitro that VEGF-D Delta N Delta C encoded
by the adenovirus (Ad-VEGF-D Delta N Delta C) was capable
of inducing endothelial cell proliferation and migration and
that the latter response was primarily mediated by VEGF
receptor-2. The proangiogenic effect of Ad-VEGF-D Delta N
Delta C was evident as early as 5 days after injection into the
rat cremaster muscle[17].
From our studies in ischemic livers, naked plasmid PCHO/
hVEGF-D direct injection could also produce a comparatively
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high expression of hVEGF in both protein and mRNA levels,
and prominently increased the number of new capillaries
around hepatic sinuses.
In fact, absolute and relative ischemia of hepatic cells are
very common in various situations such as chronic hepatitis,
liver fibrosis or cirrhosis and portal thrombosis. Lots of
previous studies on liver cirrhosis had already proved that the
expression of VEGF was reduced and closely related to the state
of liver function or portal hypertension degree[9,10,12-15,34,35]. Assy
N studied the serum VEGF levels between cirrhotic patients
and normal controls. The results showed that the mean serum
VEGF levels in all cirrhotic patients were significantly lower
than those of healthy controls and acute hepatitis. These studies
give much support for the angiogenesis treatment in chronic
liver diseases[12]. Therapeutic angiogenesis has already widely
used to treat many ischemic diseases[16,18-20]. By stimulating
angiogenesis in liver by gene transfer method, hepatocytes
would have more nutrition and oxygen and thus could preserve
the liver function to some extent. Therefore, angiogenesis
through gene transfer, by naked plasmid DNA PCHO/hVEGFD injection, is a ideal method for the treatment of ischemic
liver diseases especially for liver fibrosis and cirrhosis.
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Abstract
AIM: To investigate the inhibition effects on the production
of collagen type I, III secreted by activated rat hepatic stellate
cells (rHSCs) by antisense tissue inhibitors of metalloproteinase
1 (TIMP-1) recombinant plasmid through elevating interstitial
collagenase activity.
METHODS: rHSCs were extracted from normal rat liver
by pronase and collagenase digestion and purified by
centrifugal elutriation, and were cultured on plastic dishes
until they were activated to a myofibroblastic phenotype
after 7-10 days. RT-Nest-PCR and gene recombinant
techniques were used to construct the rat antisense TIMP1 recombinant plasmids which can express in eucaryotic
cells. The recombinant plasmid and the pcDNA3 empty
plasmid were transfected in rHSCs by Effectene (QIAGEN)
separately. Cells were selected after growing in DMEM
containing 400 µg/ml G418 for 2-3 weeks. Expression of
exogenous gene was assessed by Northern blot, and
expression of TIMP-1 in rHSCs was determined by Northern
blot and Western blot. We tested the interstitial collagenase
activity with FITC-labled type I collagen as substrate.
Ultimately, we quantified the type I, III collagen by
Western blot.
RESULTS: The exogenous antisense TIMP-1 recombinant
plasmid could be expressed in rHSCs well, which could
block the expression of TIMP-1 greatly, the ratio of TIMP1/GAPDH was 0.67, 2.41, and 2.97 separately at mRNA
level (P<0.05); the ratio of TIMP-1/β-actin was 0.31, 0.98
and 1.32 separately at protein level (P<0.05); It might
elevate active and latent interstitial collagenase activity,
the collagenase activity was 0.3049, 0.1411 and 0.1196
respectively. (P<0.05), which led to promotion the
degradation of type I, III collagen, the ratio of collagen I/
β-actin was 0.63, 1.78 and 1.92 separately (P<0.05); and
the ratio of collagen III/β-actin was 0.59, 1.81 and 1.98
separately (P<0.05).
CONCLUSION: These data shows that the antisense TIMP1 recombinant plasmid has the inhibitory effects on the
production of type I, III collagens secreted by activated
rHSCs in vitro. It could be a novel method to reverse hepatic
fibrosis in the future.
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INTRODUCTION
The incidence of liver fibrosis and cirrhosis is still high in
China[1-4], and fibrosis is the common pathological basis of
chronic hepatic disease[5]. Many factors inducing liver injury
and inflammation may lead to hepatic fibrosis[6, 7]. At present,
the common sense is that hepatic fibrosis could be reversed
effectively when the right therapeutic strategy was applied[8].
Recently, studies on the role of tissue inhibitors of
metalloproteinases (TIMPs) in the process of hepatic fibrosis
have attracted more attentions[9-14]. Roeb et al[15] reported that
there were no expression of TIMP-3, 4 mRNA in normal and
fibrotic liver tissues; the expression of TIMP-1, 2 mRNA could
be detected in normal liver tissue at lower level[15,16]. The
expression of TIMP-1 increased greatly in liver tissues of
experimental rat hepatic fibrosis models induced by CCl4 or
bile compared to TIMP-2[15].
Hepatic stellate cells (HSCs) represent up to 15 % of the
resident cells of the liver and play a pivotal role in hepatic
fibrosis[17]. In response to liver injury of any etiology, the
normally quiescent HSC undergoes a progressive process of
trans-differentiation into a proliferating myofibroblast-like
activated HSC[17]. Through increased secretion of extracellular
matrix proteins and the tissue inhibitor of metalloproteinases
(TIMP)-1, activated HSCs are responsible for deposition and
accumulation of the majority of the excess extracellular matrix
in the fibrotic liver [18]. Furthermore, activated HSCs can
contribute to the fibrogenic process through their ability to
secrete and respond to a wide range of cytokines and growth
factors[19].
It had been considered that the antisense technique was
used to inhibit the target genes and proteins expressed in
experimental rat hepatic fibrosis. The main aim of our study is
to try to block the gene and protein expression of TIMP-1 in
rHSCs in vitro and investigate the effects of antisense-TIMP1 recombinant plasmid on the production of collagen type I,
III of activated rHSCs, so as to find out the possible mechanism
of reversing hepatic fibrosis.
MATERIALS AND METHODS
Isolation and culture of rat hepatic stellate cells
rHSCs were isolated from normal male Sprague-Dawley rats
(300±30 g) by sequential perfusion with Pronase and
collagenase as previously described[20]. rHSCs were separated
and purified from the cell suspension by single-step density
gradient centrifugation with gradient buffer (Ficoll and glycan
1.053, Pharmacia). The purity of cell was assessed by light
microscopic appearance and vitamin A autofluorescence at
295nm. rHSCs were activated at day 7 after seeding on the
plastic surface and became myofibroblast (MFB) phenotype.
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The cells were cultured in Dulbecco’s modified Eagle medium
(DMEM, GIBCO U.S.A) containing 4 mM L-glutamine and
10 % fetal calf serum (GIBCO U.S.A). Additionally, all culture
media were supplemented with penicillin (100 IU/ml) and
streptomycin (100 µg/ml) respectively. They were maintained
at 37
in an atmosphere of 5 % CO2.

Transfection of rat hepatic myofibroblast cells
rHSCs were transfected 8 days after seeding with pcDNA3/
antisense-TIMP-1 recombinant plasmid. Briefly, total RNAs
were extracted from rat liver with Trizol (Life Tech, U.S.A)
reagent. According to the full-length cDNA sequence that
encoded rat TIMP-1, we designed special sense and antisense
primers and obtained target sequence with the RT-NEST- PCR
technique, which were linked into T4 vector with T4 DNA
ligase. After transformation, selection, and appraisal with
restriction enzymes EcolRI and XhoI, the resulting insert was
subcloned into the plasmid pcDNA3 (Invitrogen CA) and
sequenced (PE377 Auto sequencer). One day before
transfection, cells were dispersed with trypsin-EDTA solution
and counted, then the cells were pipetted into 6 -well dishes at
a density of 1×104 cells per well so they would attain 70 %
confluence the next day. Transfection was performed with the
commercially available cationic liposome reagents Effectene
(Qiagen, Germany), using pcDNA3/antisense-TIMP-1
recombinant plasmid (1.0 µg/well) and pcDNA3 empty
plasmid, following essentially the instructions of the
manufacturers. Transfecting cells were selected after growing
in DMEM containing 400 µg/ml G418 for 2-3 weeks.
Following selection, 10 drug-resistant (neo+) clones of pcDNA3
/antisense-TIMP-1 recombinant plasmid transfecting cells were
picked randomly from different plates and studied after
expansion; in the meantime, eight neo+ clones were picked
from rMFB transfected with the pcDNA3 vector lacking the
antisense sequences and eight non-transfected rMFB were
studied as controls.
RNA isolation and Northern analysis for TIMP-1 and
exogenous gene
The cells were rinsed with ice cold HBSS, the total RNAs were
extracted from rMFBs with Trizol (Life Tech,Grand Island, NY)
reagent. The concentration of RNA was determined by absorbance
at 260 nm. For Northern analysis, 30 µg of total cellular RNAs
were separated by electrophoresis in a 1 % denaturing agarose
gel, transferred to a Hybond-N membrane (Amersham,UK) and
fixed by baking for 2 h at 80 . The probe for pcDNA3 according
to the special T7 promoter sequence (the probe sequence 5’CAGAGGGATATCACTCAGCATAAT-3’) and TIMP-1
cDNA probes were labeled with [α-32P] dCTP (Amersham,
UK) by random primer labeling method to detect exogenous
gene and TIMP-1 expression. Blots were pre- hybridized for
at least 3 h, and then hybridized for 20 h at 37
in a buffer
containing 50 % formamide, 6×SSC, 5×Denhardt’s solution
[0.1 % Ficoll 400, 0.1 % BSA, 0.1 % polyvinyl- pyrrolidone],
5 mM EDTA, 0.5 % SDS, and 100 µg/ml sheared denatured
herring sperm DNA (Roche, Germany). The filters were
washed once at 55
for 20 minutes in a solution containing
2×SSC, 1 mM EDTA, and 0.1 % SDS, then twice at 50 for
20 minutes in a solution containing 0.4×SSC, 1 mM EDTA,
and 0.1 % SDS. Autoradiographs were exposed to indicated
times to Kodak films at -70
for 7 days. As an internal
standard (loading control) the blots were re-hybridized with a
GAPDH specific cDNA.
Western blotting for TIMP-1 and type collagen I, III
Rat TIMP-1 and collagen type I, III proteins in total cell extracts
of transfected and non-transfected rMFBs were subjected to
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Western-blot analyses. rMFB cells (1×106) were pelleted by
centrifugation, washed twice with ice-cold PBS, and lysed on
ice in RIPA buffer [30 mM HEPES, 150 mM NaCl, 1 % Triton
X-100, 0.1 % SDS and 1 % deoxycholic acid (pH 7.6)], with
added proteinase inhibitors, pepstatin A (1.0 µg/ml), aprotinin
(3.5 µg/ml), leupeptin (10 µg/ml) and 0.2 mM PMSF. Cell
lysates were centrifuged at 3 000 g for 10 min at 4 , and BCA
protein assay was performed. Protein samples (100 µg) were
heated for 5 min at 100
and were separated on 12 % SDSPAGE and transferred to PVDF membranes (Schleicher&Schuell
Germany) in Tris-glycine buffer (pH 8.5) plus 20 % methanol.
The membranes were blocked overnight in 5 % non-fat dried
milk in Tris-buffer containing 0.1 % Tween-20 and then washed
with Tris-buffer. The blots were incubated for 2 h at room
temperature with mouse TIMP-1 monoclonal IgG (Oncogene)
and rabbit anti-collagen type I, III diluted 1:500 in Tris-buffer.
The blots were washed and then incubated with AP-conjugated
secondary antibodies (Santcruz California U.S.A) at 1:2 000
dilution. The protein bands were visualized with BCIP/NBT
(Wuhan, China) system. β-actin as the internal control.

Sample preparation and Enzyme assays
After transfection and selection, rMFBs were seeded into 6well plates with 105 cells/well and incubated for 2 weeks; the
medium was changed twice a week. The media were harvested.
Prior to assays, 225 µl of each medium was treated with 25 µl
DTT(100mM) to give a final concentration of 10 mM for 30
min at 35
to inactivate endogenous collagenase inhibitors.
Collagenase activity was determined by Type I Collagenase
Activity Assay (Chemicon, Temecula CA). Briefly, the
medium had been preincubated at room temperature for 30
min with APMA to obtain 1 mM final concentration to activate
latent collagenase. The reaction mixture contained 50 µl
(1 µg/µl) FITC-labeled type I collagen in a final volume of
for 3 h. The reaction
100 µl, was further incubated at 37
was terminated by adding 200 µl enzyme stop reagent/
extraction (0.05 M Tris-HCl pH9.5, ethanol containing NaCl,
o-phenanthroline). After centrifugation at 4 000 rpm for 10 min,
fluorescence in the supernatant was measured by Fluorometer
(Hitachi Japan) at an excitation wavelength of 490 nm and an
emission wavelength of 530nm. These experiments were
performed in triplicate for each tissue sample.
One unit (U) of collagenase was defined as the amount of
enzyme that hydrolyzed 1 µg of collagen substrate per min.
The results shown in the figures were expressed as the mean
with standard deviations of collagenase activity of samples.
Statistics
All values were expressed as mean ±SD, ANOVA was used to
determined the significance of differences among the three
groups. A values of P<0.05 was considered statistically
significant.
RESULTS
Expression level of exogenous gene and TIMP-1 gene in rMFB
The exogenous gene expression could be detected in
transfection groups (pcDNA3/antisense-TIMP-1 recombinant
group and pcDNA3 empty vector group) by Northern blot,
but not in non-transfected rMFB (Figure 1); the expression of
TIMP-1 was much higher in pcDNA3 empty vector group and
non-transfected rMFB control group than pcDNA3/antisenseTIMP-1 recombinant group at mRNA level (Figure 2), the
ratio of TIMP-1/GAPDH was 0.67, 2.41, and 2.97 separately
(P<0.05); There was no significant difference (P>0.05)
between pcDNA3 empty vector group and non-transfected
rMFB control group.
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control groups (P<0.05) as shown by the SDS-PAGE. (Figure
3,4). the ratio of TIMP-1/β-actin was 0.31, 0.98 and 1.32
separately at protein level (P<0.05); the ratio of collagen I /βactin was 0.63, 1.78 and 1.92 (P<0.05); and the ratio of collagen
III /β-actin was 0.59, 1.81 and 1.98 (P<0.05). Moreover, there
was no significant difference (P>0.05) between pcDNA3
empty vector group and non- transfected control group.

3

Figure 1 The expression of exogenous gene in rMFB detected
by Northern blot after transfection and selection. 1: pcDNA3/
antisense-TIMP-1 transfecting group; 2: pcDNA3 vector control group; 3: non-transfecting rMFB control group.

TIMP-1

Collagenase activity of rMFB in response to antisense-TIMP1 recombinant plasmid
The collagenolytic results were shown in Figure 5. Conditioned
media from control groups showed low levels of collagenolytic
activity;on the contrary, collagen degradation activity of the recombinant plasmid transfection group was significantly elevated, the
collagenase activity was 0.3049, 0.1411and 0.1196 respectively.
(P<0.05). Experiments were repeated twice separately.
0.4

2

3
GAPDH

Figure 2 The expression of TIMP-1 mRNA in rMFB detected
by Northern blot after transfection and selection. 1: pcDNA3/
antisense-TIMP-1 transfecting group; 2: pcDNA3 vector control group; 3: non-transfecting rMFB control group.

TIMP-1
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β-actin

Figure 3 The expression of TIMP-1 protein level in rMFB detected by Western blot after transfection and selection. 1:
pcDNA3/ antisense-TIMP-1 transfecting group; 2: pcDNA3
vector control group; 3: non-transfecting rMFB control group.
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Figure 4 The expression of type I, III collagen in rMFB detected by Western blot after transfection and selection. 1:
pcDNA3/antisense-TIMP-1 transfecting group; 2: pcDNA3
vector control group; 3: non-transfecting rMFB control group.

Antisense-TIMP-1 recombinant plasmid treated rMFB have
reduced the content of TIMP-1 protein and type I, III collagen
The content of TIMP-1 protein and collagen type I, III in
recombinant transfection group was lower than those of the
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0.3049

Collagenase activity
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0.1411

0.2

0.1196

0.1
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Figure 5 The enzymatic activity of MMP-1 in conditioned
media from rMFB detected by Type I Collagenase Activity.
Assay after transfection and selection. A: pcDNA3/antisenseTIMP-1 transfecting group; B: pcDNA3 vector control group;
C: non-transfecting rMFB control group.

DISCUSSION
Liver fibrosis represents the final common pathological
outcome for the majority of chronic liver insults[21]. Pathological
accumulation of extracellular matrix (ECM) in cases of liver
fibrosis reflects imbalance of production and degradation of
matrix proteins. At present, the common sense is that it is a
reversible process. Matrix metalloproteinases (MMPs) are a
family of secreted zinc proteases capable of degrading collagen
and other ECM components. Recent studies suggest that MMPs
may participate in pathological responses involved in liver
fibrosis. Especially, interstitial collagenase (MMP-1) plays a
key role in degrading collagen type I, III. (the main component
of ECM). MMP-1 is tightly regulated by tissue inhibitors of
matrix metalloproteinases1 (TIMP-1).
Current evidence indicates that the central mediator of liver
fibrosis is the hepatic stellate cell (HSC)[18]. During fibrotic
injury, these retinoid-rich perisinusoidal cells proliferate and
undergo a phenotypic transformation to myofibroblast (MFB)like cells, a process termed activation[22]. Previous work has
demonstrated that activated HSC can express TIMP-1, leading
to the hypothesis that matrix degradation is inhibited during
progressive fibrosis [23]. This hypothesis is supported by
findings that overexpression of TIMP-1 enhances experimental
fibrosis[24] and that spontaneous recovery from liver fibrosis is
associated with a diminution of TIMP-1 expression and an
increase in collagenase activity with consequent matrix
degradation[25]. Nucleic acid complemented with DNA/RNA
of genome is called antisense nucleic acid, including antisense
DNA, antisense RNA, and ribozyme[26] According to these
theories, we designed a special antisense sequence which may
complement with the mRNA of TIMP-1, constructing the rat
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pcDNA3/antisense-TIMP-1 recombinant plasmid which can
express in eucaryotic cells. After transfection and selection,
we observed that the exogenous antisense-TIMP-1 recombinant
plasmid could be expressed in rMFB well by Northern blot
analysis. In order to evaluate the intervening or blocking effects on
the expression of TIMP-1, Northern and Western blots were used.
The results showed that antisense-TIMP-1 recombinant plasmid
could block the expression of TIMP-1 greatly in rMFB compared
to that of the control groups (P<0.05); though the expression of
TIMP-1 could not be blocked thoroughly, there maybe existed other
factors which regulated the expression of TIMP-1.
We have chosen TIMP-1 as the target gene so as to elevate
latent and active interstitial collagenase (MMP-1) activity in
rMFB. In our study, we found that the enzymatic activity of
MMP-1 in the pcDNA3/antisense-TIMP-1 recombinant
transfecting group was 2-3 times higher than that in the control
groups. However, the enzymatic activity was lower in the
control groups (P>0.05). These results were proven by FITClabeled type I collagenase Activity Assay.
In healthy human liver, the collagen type I, III account for
about 80 % of the total collagen of liver, while it rises up to
more than 95 % in fibrotic livers. The collagen type I covers
about 60-70 % of the total collagen of fibrotic liver, and type
III was 20-30 %[27-29]. Collagen I, III are the main target of MMP1. MMP-1 has similar capacity of degrading collagen I, III.
Therefore, collagen I, III are regarded as the important parameters
to reflect the metabolism of collagen, and thus we can judge the
therapeutic effect of the anti-fibrotic strategies of the liver[30-32].
The content of collagen I, III was lower in the pcDNA3/
antisense-TIMP-1 recombinant transfecting group than that in
control groups (P<0.05) determined by Western blotting. These
data showed that this recombinant plasmid had stronger effects
on increasing the degradating capacity of collagen I, III, decreasing
the deposition of ECM, and reversing probably the hepatic fibrosis.
In conclusion, our experiment results have demonstrated that
the pcDNA3/antisense-TIMP-1 recombinant has anti-hepatic
fibrosis effect in vitro strongly through inhibiting the TIMP-1.
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Abstract
AIM: To study the effect of leflunomide on immunological
liver injury (ILI) in mice.
METHODS: ILI was induced by tail vein injection of 2.5 mg
Bacillus Calmette-Guerin (BCG), and 10 d later with 10 µg
lipopolysaccharide (LPS) in 0.2 mL saline (BCG+LPS). The
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), nitric oxide (NO) level in plasma and molondiadehyde
(MDA), glutathione peroxidase (GSHpx) in liver homogenate
were assayed by spectroscopy. The serum content of tumor
necrosis factors-α (TNF-α) was determined by ELISA.
Interleukin-1 (IL-1), interleukin-2 (IL-2) and Concanavalin
A (ConA)-induced splenocyte proliferation response were
determined by methods of 3H-infiltrated cell proliferation.
RESULTS: Leflunomide (4, 12, 36 mg·kg-1) was found to
significantly decrease the serum transaminase (ALT, AST)
activity and MDA content in liver homogenate, and improve
reduced GSHpx level of liver homogenate. Leflunomide (4,
12, 36 mg·kg-1) significantly lowered TNF-α and NO level in
serum, and IL-1 produced by intraperitoneal macrophages
(PMΦ ). Moreover, the decreased IL-2 production and ConAinduced splenocyte proliferation response were further
inhibited.
CONCLUSION: These findings suggested that leflunomide
had significant protective action on ILI in mice.
Yao HW, Li J, Jin Y, Zhang YF, Li CY, Xu SY. Effect of leflunomide
on immunological liver injury in mice. World J Gastroenterol
2003; 9(2): 320-323
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INTRODUCTION
Earlier studies have identified leflunomide, an isoxazole
derivative, as a unique immunomodulatory agent capable of
treating rheumatoid arthritis, allograft and xenograft rejection,
systemic lupus erythematosus, prostate carcinoma, and
neuronal-glial tumours, etc[1-12]. Our studies indicated that
leflunomide had significantly therapeutic effects on the
secondary inflammation response of adjuvant arthritis (AA)
in rats. Recent evidence suggested the anti-inflammatory and
immunoregulatory effects of leflunomide were related to its
ability to suppress IL-1 and TNF-α selectively over their

inhibitors in T lymphocyte/monocyte activation, and the
activation of nuclear factor kappa B, a potent mediator of
inflammation when stimulated by inflammatory egents[13-16].
Jankovic reported that A771726, leflunomide’s active metabolite,
also had inhibitory effect on NO production and iNOS mRNA
expression in IFN-γ+LPS-activated murine and rat primary
fibroblast[17, 18].
As we known, the activity of cytokines such as TNF-α,
IL-1, IL-6, NO and T cell mediated immunity were closely
related to the degree of liver injury caused by virus, endotoxin,
ConA, and GalN[19-21]. Thus, inhibition of proinflammatory
cytokines and regulation of host immunity would be beneficial
to alleviating liver injury.
Based on the immunological dysfunction in liver injury
and leflunomide’s immunomodulatory feature with high
effication and low toxicity, we assumed that leflunomide might
have therapeutic effect on ILI. To the best of our knowledge,
however, there has been no report so far concerning the effect
of leflunomide on ILI. In this study, therefore, we have clarified
the therapeutical effect of leflunomide on ILI in mice.

MATERIALS AND METHODS
Animals and reagents
Male Kunming strain mice weighing 18-22 g were purchased
from Animal Center of Anhui Medical University. Mice were
allowed to take food and tap water ad libitum. Leflunomide
was kindly donated by Cinkate Co., USA. ConA and LPS from
Escherichia coli were purchased from Sigma Co., St. Louis,
M, USA. 1, 1, 3, 1-tetraethoxypropane (TEP) and 5, 5’-dithibis(2-nitrobenzicacid) (DTNB) were purchased from FLUKA Co.,
Switzerland. BCG was purchased from Institute of Shanghai
Biological Products.
Preparation of ILI [22]
Each mouse was injected with 2.5 mg BCG (viable bacilli) in
0.2 mL saline via tail vein, and 10 d later with 10 µg LPS in
0.2 mL saline. At 0, 4, 8, and 12 h post-injection of LPS,
animals received either leflunomide (4, 12, and 36 mg/kg, ig)
or appropriate volume (25 mL/kg, ig) of vehicle (3 %
prednisone). The mice were anesthetized with ether, then
sacrificed by cervical dislocation 16 h after LPS injection and
trunk blood was collected into heparinised tubes (50 U/mL)
and centrifuged (1 500×g, 10 min, room temperature). Plasma
until assayed as described
was aspirated and stored at -70
below. The liver was also removed and stored at -70
until
required.
Measurement of plasma ALT, AST, NO and TNF-α
Plasma ALT, and AST were determined using commercial kits
produced by Institute of Shanghai Biological Products affiliated
to the Ministry of Health. These activities are expressed as an
international unit (U/L). Serum TNF-α and NO were measured
using commercial kits produced by Sigma Co. and Beijing
Biotinge-Tech., Co.Ltd, and their levels were expressed as
pg·mL-1 and µmol·L-1 respectively.
Measurement of MDA and GSHpx in liver homogenate
Livers were thawed, weighed and homogenized with Tris-Hcl
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buffer (5 mM containing 2 mM EDTA, pH 7.4). Homogenates
were centrifuged (1 000×g, 10 min, room temperature) and
the supernatant was used immediately for the assays of MDA
and GSHpx. MDA was measured by the thiobarbituric acid
method according to standard techniques (Gavino VG., 1981).
The content of MDA was expressed as nmol per gram liver
tissue. GSHpx was measured by the DTNB method, and its
content was expressed as U per milligram protein.

Effects of leflunomide on TNF-α
As shown in Table 3, when the mice were first injected with
BCG and then challenged with LPS, the level of TNF-α was
elevated significantly. Leflunomide (4, 12, and 36 mg/kg)
obviously decreased the increased TNF-α level in serum.

Measurement of ConA induced splenocyte proliferation, IL1 and IL-2
ConA induced splenocyte proliferation was determined
according to the report by Yamamoto I in 1982. IL-1 and IL2 were measured according to the reference (Liang JS, 1989;
Ding GF, 1988).

Groups

Statistical analysis
Results were expressed by x±s. Statistical significance of
differences between groups were determined by ANOVA
followed by Student’s t test. P value of less than 0.05 was
considered statistically significance.
RESULTS
Therapeutic effects of leflunomide on ILI induced by
BCG+LPS in mice
Results are shown in Tables 1 and 2. ALT, AST, and NO in
plasma and MDA content in liver homogenate were
significantly increased after the interval injection of BCG and
LPS. Meanwhile, the GSHpx level in liver homogenate was
sharply decreased. Both leflunomide (12, 36 mg/kg) and
prednisone (3 mg/kg) could not only significantly decrease
ALT, AST, NO and MDA level, but evidently increase GSHpx
in mice with ILI.

Table 3 Influences of leflunomide on serum TNF-α induced
by BCG+LPS in mice (n=8, x±s)

Dose (mg·kg-1)

ALT (u·L-1)

AST (u·L-1)

Normal

32.1±5.6

35.8±6.4

Model

195.4±21.8d

188.4±22.5d

Normal

-

353.3±28.7d

Leflunomide

4

305.0±31.4ad

12

240.0±31.1bd

36

140.0±31.1bd

3

88.7±25.6bd

Prednisone
a

4

181.5±19.5d

175.2±18.1d

12

173.8±15.8ad

166.5±15.7ad

36

121.8±11.5bd

108.2±9.8bd

Prednisone
a

3

81.5±7.8

64.7±5.8bd

bd

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

Table 2 Effects of leflunomide on serum NO, MDA and GSHpx
contents in liver homogenates induced by BCG+LPS in mice
(n=10, x±s)
Groups

Dose
(mg·kg-1)

Normal

8.8±1.0

Model

74.5±10.1

Leflunomide

Prednisone
a

4

Liver homogenates

Plasma
NO (µM)

68.3±8.5

MDA
GSHpx
(nmol/g tissue) (µ/mg protein)
133.2±14.5
d

d

163.9±15.9

395.9±23.6

d

62.5±8.8d

385.7±22.2

d

66.3±9.1d

12

60.7±7.1bd

363.9±19.3bd

87.1±9.9bd

36

55.3±6.2

bd

301.9±17.1

bd

95.1±10.7bd

3

44.4±5.3

bd

272.0±15.7

bd

108.0±12.0bd

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

Under detection limit

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

Influence of leflunomide on IL-1
IL-1 excreted by PMΦ was significantly increased in the model
group. As shown in Table 4, Leflunomide (4, 12, and 36 mg/
kg) evidently inhibited PMΦ excreting too much IL-1.
Table 4 Influences of leflunomide in vivo on IL-1 and IL-2 production and splenocyte proliferation in mice induced by
BCG+LPS. (unit:103cpm) (n=8, x±s)
Groups

IL-1

IL-2

Splenocyte
proliferation

Normal

11.2±2.40

13.3±1.76

17.5±2.26

Model

34.6±3.96d

9.3±1.57d

7.9±1.19d

4

29.6±3.71

ad

8.2±1.44

d

Dose
(mg·kg-1)

7.0±1.01d

12

18.9±3.28

bd

7.6±1.31

ad

6.4±0.95ad

36

16.6±3.08bd

6.5±1.20bd

5.2±0.87bd

3

15.7±2.85bd

5.0±1.12bd

4.4±0.71bd

Leflunomide

Prednisone
a

Leflunomide

TNF-α (pg·mL-1)

Model

Table 1 Effects of leflunomide on serum ALT and AST activities induced by BCG+LPS in mice (n=10, x±s)
Groups

Dose (mg·kg-1)

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

Effect of leflunomide on IL-2 generation and ConA induced
splenocyte proliferation
IL-2 and ConA induced splenocyte proliferation were
significantly inhibited in the model group (Table 4). Leflunomide
(4, 12, and 36 mg/kg) further inhibited IL-2 production and ConA
induced splenocyte proliferation response.
DISCUSSION
It has been demonstrated that severe hepatitis could be induced
by injecting a small dose of bacterial LPS into BCG-pretreated
mice [22]. In this article, ILI was successfully induced by
BCG+LPS. On this basis, leflunomide (4, 12, and 36 mg/kg)
could significantly lower the increased plasma transaminase
level and MDA content in liver homogenate, meanwhile,
GSHpx level rose significantly. All these indicated that
leflunomide markedly protected ILI. Leflunomide significantly
inhibited the generation of NO, TNF-α and IL-1 excreted by
PMΦ, moreover, IL-2 production and ConA induced splenocyte
proliferation was further inhibited by leflunomide. Therefore,
the protective effects of leflunomide on ILI might be related
with its function of balancing cytokine generation and
modulating immune.
As it is known, TNF-α is one of the important mediators
in liver injury. It has been demonstrated that liver injury
induced by endotoxin was conducted by TNF-α, and the
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activity of TNF-α was positively related with the extent of
liver necrosis[22-24]. However, TNF-α itself could not directly
result in liver injury. The damaging degree of TNF-α on liver
might be involved with infection, activity of Kupffer cell, and
endogenous serine type protease, etc[25-30]. TNF-α could act as
the first factor of liver injury, its elevation would stimulate a
number of proinflammatory mediators including NO, IL-1, IL6, IL-8 and SIL-2R[31-36], which further deteriorated the liver
injury intoxicated by TNF. Therefore, although the TNF lever
was low, liver was damaged significantly.
Leflunomide, an immunomodulatory reagent, is mainly
aimed to inhibit the activity of dihydroorotate dehydrogenase
(DHODH) involved in de novo pyrimidine biosynthesis. But
at a higher concentration, it mainly inhibited protein tyrosine
kinases initiating signaling[1,13,14,37,38], and therefore could reduce
the cell response to mitogen and cytokine. In the model of ILI
induced by BCG+LPS, leflunomide could significantly lower
the increased TNF-α level in serum, which agreed with the
results of Smith’s experiment that leflunomide significantly
lowered the increased TNF level in joints from AA rats[15,16,39].
As it is known, TNF mainly come from Kupffer cell in liver.
In this article, leflunomide significantly inhibited TNF-α level
in serum of ILI. It deserved further investigation on about
whether it is related to leflunomide’s effect of regulating the
immunological dysfunction through inhibiting the growth and
differentiation of Kupffer cell and production of TNF, thus,
alleviating liver injury.
As reported in documents, the synthesis of NO was regulated
by many immunological factors including TNF-α, IL-1, and
IFN-γ, which is composed of a complicated web system, could
act on hepatocytes, Kupffer cells and Ito in endotoxemia mice
to increase the generation of NO[31,32,35,40]. Likewise, LPS could
also induce Ito cells to express iNOS and synthesis of a large
amount of NO[41,42]. According to our investigation, the effects
of leflunomide to inhibit ILI might well be related with its
function of decreasing the degeneration of NO.
Although IL-1 itself has no damage on liver, its elevation
could stimulate many kinds of immunological and
inflammatory cells to excrete cytokine including TNF-α, IFNγ, IL-6, and IL-8, which mediate the inflammatory and
immunological injury. Apart from these, IL-1,TNF-α, IFN-γ
and LPS could act on hepatocyte to enhance the expression of
iNOS mRNA in synergetic manner, and to increase the
generation of NO, thus deteriorating the liver injury.
Leflunomide significantly regulated abnormal IL-1 level
excreted by PMΦ in ILI mice in vivo, which agrees with Deage’s
investigation[43] in effect of leflunomide on AA rats.
Suzuki found that splenectomy could modulate the excretion
of inflammatory mediators, which prevented liver injury
intoxicated by LPS after hepatectomy. In this study, we
discovered that IL-2 production and ConA induced splenocyte
proliferation were reduced in ILI induced by BCG+LPS.
However, leflunomide further inhibited the production of IL2 and ConA induced splenocyte proliferation response. Hoskin
et al[44] reported that leflunomide inhibited the T lymphatic
cell growth and response to IL-2 and production of IL-2.
Further studies are needed to elucidate the relationship between
the protective effect of leflunomide on ILI and its inhibitory
action on cellular immune function.
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Abstract
AIM: To determine the feasibility of creating direct
intrahepatic portacaval shunt (DIPS) in swine with puncture
under sonographic guidance.
METHODS: DIPS was created in 10 domestic swine under
sonographic guidance. Liver function, blood ammonia level
and portosystemic gradient (PSG) were compared before
and after the procedure. Patency of shunt was followed by
portography every 7 days after DIPS.
RESULTS: DIPS was successfully established in all 10 swine
without any complications. One day after procedure the
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and blood ammonia level (BAL) of swine rose from
5.40±0.69, 16.00±0.79 and 35.66±4.10 to 34.20±3.46,
59.70±2.22 and 66.94±3.44 respectively. (P<0.05). The PSG
decreased from 0.59±0.20 kPa to 0.24±0.11 kPa after DIPS
(P<0.05). The shunt of 10 swine was kept patent from 7-28
days (median patency time was 14 days).
CONCLUSION: This initial experience demonstrated that
creating intrahepatic portacaval shunt from retrohepatic
segment of IVC to portal vein with puncture under
sonographic guidance in swine is safe and feasible. Further
studies are necessary to perform DIPS in cirrhosis patients.
Luo JJ, Yan ZP, Zhou KR, Qian S. Direct intrahepatic portacaval
shunt: an experimental study. World J Gastroenterol 2003; 9
(2): 324-328
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INTRODUCTION
Since Röschl successfully created an intrahepatic shunt from
hepatic vein to portal vein in a canine model in 1969, the
transjugular intraheptic portosystemic shunt (TIPS) procedure
has been used increasingly in the management of portal
hypertension and its complications [1-12]. One of the main
limitations of TIPS has been the high incidence of shunt
malfunction. There is a wide range of shunt malfunction rates
reported in the literature from 17-50 % within six months to
23-87 % within the first year[11-21]. Many experimental and
clinical studies[4,15,23,26] demonstrated that stenosis of the outflow
hepatic vein (HV) is the main problem to limit the long-term
patency of TIPS and development of HV stenosis after TIPS
placement will be minimized by the use of the largest HV (RHV
or MHV). The inferior vane cava (IVC) is the largest vein in
human being, whose diameter is far wider than that of HV.

Therefore, using IVC as the outflow vein might improve the
patency of intrahepatic portosystemic shunt theoretically[24-28].
To determine the feasibility and safety of creating DIPS in swine
under a sonographic guidance, we carried out this study to
provide a new route for clinical intrahepatic portosystemic shunt.

MATERIALS AND METHODS
Animals
10 domestic swine, 6-8 weeks old, each weighing 22-25 kg,
were used for this study. All animals had a normal liver without
portal hypertension.
Pre-procedural preparation
Before procedure, each animal underwent abdominal enhanced
CT scan by bolus injection of 80 ml Iopamidol intravenously.
The length, diameter and the extent of RHSIVC invested by
hepatic parenchyma were measured. The anatomical
relationship of the intrahepatic portal vein and RHSIVC was
also carefully studied. Liver function and blood ammonia level
were checked before procedure to serve as a baseline for further
evaluating the damage to swine’s liver function after DIPS.
Procedure
Each swine was anaesthetized with ketamine (20 mg/kg) and
diazepam (5 mg/kg) intramusculary. After right femoral vein
cut down and dilated, a 10-F-diamter, 41-cm-long sheath (Cook
Bloomington, U.S.A) was introduced into swine’s IVC and
pressure measurement was made. Then, RUPS-100 portal
access set modified by increasing the primary curve was passed
through the 10-F sheath and placed into swine’s RHSIVC.
Under songraphic guidance, the tip of modified RUPS set was
wedged against the right anterior-lateral wall of the IVC just
beneath the level of the portal vein (Figure 1). RUPS-100 set
was advanced slightly and orientation of the tip was adjusted
ceaselessly. When the posterior-lateral wall of intrahepatic
portal vein became “pushed” on songraphy the 0.038-inch
metal needle and 5-F teflon catheter of modified RUPS set
was thrust toward portal vein. After metal needle removed the
5-F teflon catheter was pulled back slowly with intermittent
aspiration. When blood can be freely aspirated 5 ml contrast
medium was infused as test injection. If portal vein’s access
was confirmed a 0.035-inch guide wire was passed through
the 5-F teflon catheter into the portal vein. Subsequently, a 5F pigtail catheter was advanced over the guide wire into the
portal vein. Then, portography was performed and the pressure
of portal vein was measured. After 500 U/kg heparin was
intravenously infused a 0.035-inch Amplatz super stiff guide
wire was introduced into the portal vein and 5-F pigtail catheter
was removed. A 6-mm-diameter, 8-cm-long angioplasty
balloon catheter was advanced over the Amplatz guide wire
and positioned in the tract between the RHSIVC and portal
vein. The balloon was partially inflated and a spot radiography
of the partially inflated balloon catheter was used as a road
map guide for stent placement. The distal “waist” of the balloon
served to mark the portal vein wall and the proximal “waist”
marked the wall of the RHSIVC. The distance between the
two “waists” is the length of the hepatic parenchymal tract
between the portal vein and RHSIVC and is the minimum
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length of the stent required to connecting these two structures.
The balloon catheter was then fully inflated to predilate the
tract. As the balloon was being deflated, the 10-F sheath was
advanced over the balloon catheter into the portal vein. With
use of the road map image as a guide, the shunt was lined by
one or two home-made metal bare stents. Portography was
performed immediately after stent placement and pressure
measurements were also made. Finally, a 5-F pigtail catheter
was retained in animal’s IVC for follow-up portography and
right femoral vein incision was sutured. No anticoagulant,
antibiotics or antiplatelet therapy was administered after
procedure. At termination of the study, the animals were
sacrificed by overdose ketamine intravenously for pathological
examination.
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animal grew well and no signs or symptoms of infection could
be observed. The patency time of DIPS shunt varied from 7
days to 28 days (median patency time was 14 days) after
procedure (Figure 6).
Table 1 Portosystemic Gradient before and after DIPS (kPa)
Pressure of IVC
Before

After

Pressure of Portal vein
Before

After

PSG
Before

After

1.28±0.28 1.41±0.28 1.86±0.21 1.57±0.17 0.59±0.20 0.24±0.11
P values

0.034

0.001

0.007

Fellow-up
Cross-sectional abdominal contrast-enhanced CT scan was
performed 3 days after DIPS to detect any puncture-related
complications. Liver function and blood ammonia level were
rechecked at 1, 7 and 14 days after procedure. Portography
was performed through the 5-F pigtail catheter previously
retained in animal’s IVC every 7 days after DIPS to evaluate
the patency of shunt till the shunt complete occlusion.
Statistical analysis
All measured values were expressed as mean ±SD. Laboratory
values and portosystemic gradient (PSG) before and after DIPS
was compared using paired-samples t test. The patency of DIPS
shunt was evaluated by Kaplan-Meier analysis. If P values
<0.05 the difference was considered significant.

Figure 1 Intrahepatic portal vein, RHSIVC of swine and the
modified RUPS-100 set wedging against the anterior-lateral
wall of RHSIVC are clearly demonstrated on sonography.

RESULTS
CT scan
On pre-procedure CT imaging the mean length and diameter of
swine’s RHSIVC was 47.28±3.65 mm and 19.00±2.24 mm
respectively. About 85.83-100 % of swine’s RHSIVC was
completely invested by hepatic parenchyma (Figure 2). On the
CT imaging obtained 3 days after DIPS no hematoma beneath
the hepatic integument or intraperitoneal bleeding was revealed.
All stents were accurately deployed in the shunt connecting the
intrahepatic portal vein and RHSIVC. No thrombosis could be
detected in the portal vein or IVC (Figure 3).
Portal vein puncture and stent deployment
The direct RHSIVC to portal vein puncture visualized with
real-time ultrasound was successfully made in all 10 swine. 15 (mean 2.2) passes were required to complete the puncture.
Mean length of the intraparenchymal tract from RHIVC to portal
vein was 15.43±3.36 mm. In 8 swine, the shunt linked right
branch of portal vein and RHSIVC, in the remaining 2 animals
the left branch of portal vein was connected. Mean angles
between the axial of shunt and RHSIVC was 29.42±2.31°.
Totally 14 stents were deployed in 10 animals’ shunts. In No.
1 and 6 swine, first stent was deployed too far into the portal
vein and a second stent was required to fully cover the tract. In
No.2 and 8 swine, the first stent dislodged into animals’
RHSIVC and a second stent was necessitated. All stents were
dilated to 8 mm in diameter without any contraction. After
stents deployment, immediate portography demonstrated rapid
flow from portal vein to IVC through widely patent DIPS shunt
and no obvious contrast-medium extravasation was observed.
The post-procedure PSG was significantly lower than that of
before (Table 1) (Figure 4, 5).
Follow-up
On follow-up, no procedure-related death occurred, every

Figure 2 Sectional abdominal enhanced CT scan of swine before DIPS demonstrates the swine’s intrahepatic portal vein
and retrohepatic segment of IVC clearly.

Figure 3 No hematoma beneath the hepatic integument or
intraperitoneal bleeding is dectected on sectional abdominal
enhanced CT imaging of swine after DIPS. The self-expandable home-made stent is accurately deployed in the shunt connecting the intrahepatic portal vein and RHSIVC.
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Table 2 Laboratory examination before DIPS, 1, 7 and 14 days
after DIPS
Laboratory
examination

Figure 4 After intrahepatic portal vein successfully accessed
via retrohepatic segment of IVC approach, portography was
performed with a 5-F pigtail catheter. Swine’s anterior and posterior branch of right portal vein is clearly demonstrated.

Figure 5 The DIPS shunt is lined by an 8 mm-diamter, 6 cmlong home-made metal bare stent. The stent is fully dilated
and accurately connected the swine’s RHSIVC and anterior
branch of right portal vein. Swine’s heptaic perfusion is well
and animal’s IVC was patent. No extravasation of contrast
medium can be detected.
Culmulative patent rate

1.2

DIPS shunt function

1.0
0.8
0.6
0.4
0.2
0.0

+
0

10
20
Patent time (days)

30

Figure 6 Median patency time of 10 DIPS shunt is 14 days. 7,
14, 21 and 28 days after DIPS procedure the cumulative patency rate of shunt is 100 %, 80 %, 50 % and 20 % respectively.

Laboratory examination
One and 7 days after DIPS, animal’s alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) became
significantly higher than the pre-DIPS values but the 7 day’s
values already became significantly lower than that of the first
day after procedure. 14 days after DIPS, ALT and AST of
swine returned to their normal pre-DIPS level. Animal’s total
bilirubin (TB) and combined bilirubin (CB) remained
unchanged before and after DIPS. Swine’s blood ammonia
level increased significantly 1 day after procedure and returned
to the its baseline value at 7days after DIPS (Table 2).

PreDIPS

1d after
DIPS

7d after
DIPS

14d after
DIPS

ALT (U/L)

5.40±0.69

34.20±3.46

18.0±2.11

5.80±0.66

AST(U/L)

16.00±0.79

59.70±2.22

23.90±0.90

17.60±0.75

TB(uoml/L)

1.86±0.20

1.94±023

2.16±0.17

2.10±0.17

CB(uoml/L)

0.66±0.10

0.86±0.14

0.95±0.12

0.88±0.19

BAL(uoml/L)

35.66±4.10

66.94±3.44

36.08±3.93

43.59±3.91

Note: Compared with the value of pre-DIPS the swine’s ALT
and AST rose significantly 1 and 7 days after DIPS. But 7 days’
value had decreased significantly lower than that of first day
after procedure. 14 days after DIPS the swine’s ALT and AST
returned to their baseline value of pre-DIPS. Swine’s TB and
CB kept no change before and after DIPS. Animal’s blood
ammonia level elevated significantly first day after DIPS. 7 days
after procedure the animal’s BAL returned to its baseline value
of pre-DIPS and kept no significant change at 14 days after DIPS.

DISCUSSION
Direct intrahepatic portacaval shunt (DIPS) is to establish a
low-resistant pathway between the intrahepatic portal vein and
RHSIVC by diverting some of portal flow into IVC to achieve
the goal of lowering the portal venous pressure. Compared
with conventional TIPS, DIPS links RHSIVC rather than the
hepatic vein. The diameter of RHSIVC is much wider than
that of hepatic vein and the angle of DIPS shunt-to-IVC is
more acute than that of TIPS shunt-to-hepatic vein. Thus, after
DIPS the local hemodynamic change, a trigger factor of
stenosis or occlusion of the outflow vein, may be less than that
after TIPS and the patency time of DIPS may be longer than
that of TIPS. In some cirrhosis patients, the hepatic vein drained
into IVC with an approximate right angle or the level of
intrahepatic portal vein might elevate too close to the level of
hepatic vein owing to severe fibrosis of the liver. On these
clinical situations, the RUPS-100 set can not be favorably
introduced into the hepatic vein and puncture into portal vein
is too difficult to be made [24]. Moreover, to establish a
portosystemic shunt in some portal hypertension patients with
Budd-Chiari syndrome or hepatic venoocclusive disease the
puncture into portal vein can but be made from IVC[25,29].
Meanwhile, in some patients with previous TIPS shunt occlusion
and no suitable hepatic vein could be supported a second parallel
TIPS and DIPS seemed to be a rational choice[30].
Local hematoma or pneumothroax resulted from mispunctures
of the carotid artery or the trachea was considered as the serious
complication of internal jugular vein puncture[4,31,32]. Some
authors[31,32] pointed out that a previous TIPS procedure might
interfere with the operative management of the subsequent
orthotopic liver transplantation by deploying a stent into the
suprahepatic portion of IVC, which often occurred at TIPS
revision and a second parallel TIPS was established. To
completely avoid these puncture-related complications and
potential suboptimal stent placement of conventional TIPS we
created this DIPS via a femoral vein’s approach.
Anatomic construct of swine’s liver and its post-trauma’s
histopathologic response are similar to those of human
being [35,36]. So DIPS can be created in pigs using techniques
and equipment identical to that used in humans. The key step
of successfully established DIPS is to select a suitable puncture
site of IVC. In this study, the mean length of swine’s RHSIVC
was 47.28±3.65 mm and 85.83-100 % of RHSIVC was
completely invested by hepatic parenchyma. These are the
anatomic foundation of safely performing DIPS in swine. Mean
diameter of swine’s RHSIVC is 19.00±2.24 mm which is far
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wider than the 10.10±1.58 mm-diameter of swine’s hepatic
vein. These results demonstrated using RHSIVC as the drain
vein of DIPS in swine might improve the patency of
intrahepatic portosystemic shunt theoretically.
Portal vein can not be precisely targeted under fluoroscopy.
Thus, many major even fatal complications of conventional
TIPS procedure are related to the “blind puncture” from hepatic
vein into portal vein[4,31,32]. Meanwhile, the bile duct injury and
subsequent bile leak has been implicated as a cause of shunt
thrombosis. Mucus in bile, not bile itself, is thought to be the
thrombogenic factor of early shunt malfunction [37,38] .
Accordingly, using an effective guiding tool plays a most
important role not only in creating DIPS safely but also in
achieving a long-term patent shunt owing to improve the
accuracy of puncture. We performed DIPS under sonographic
guidance because of its free of X-ray and easy to perform. On
sonography the location of intrahepatic portal vein and the tip
of modified RUPS-100 placed in swine’s RHSIVC can be
clearly demonstrated. Only should we do is to adjust the angle
of RUPS-100 set-to-IVC and advance the set slightly. When
the left posterior-lateral wall of intrahepatic portal vein became
“pushed”, puncture was made. In our study, only 2.2 passes
were required to accomplish the puncture, mean distance of
puncture was only 15.43±3.36 mm and no puncture-related
complications could be detected after procedure. These findings
verified the effectiveness of real-time ultrasound to guide
puncture in DIPS procedure. By using sonographic guidance
to perform DIPS in cirrhosis patient attention should be paid
to the interference brought by regenerated nodules,
pneumatosis of bowel and ascites to the clarity of sonography.
Portosystemic gradient (PSG) decreasing from 0.59±0.20 kPa
to 0.24±0.11 kPa after procedure (P<0.05) verified the
effectiveness of DIPS to decompress the portal venous pressure.
After DIPS, the swine’s ALT and AST increased significantly
for a time but they finally returned to their normal pre-DIPS
levels within two weeks after procedure. This exhibited the
damage brought by DIPS to swine’s liver function might just
be temporary. Animal’s TB and CB remained unchanged
before and after DIPS. This implicated the injury of bile duct
after DIPS is minor, which might attribute to the less number
of passes required to complete the puncture and a short distance
of intraparenchymal tract. Animal’s blood ammonia level
elevated significantly first day after DIPS. 7 days after
procedure the animal’s BAL returned to its baseline value
before DIPS. This would be related to the swine used in this
study without portal hypertension and portosystemic gradient
quickly achieved a dynamic equilibrium after DIPS.
Our DIPS shunt kept patent from 7-28 days (median patency
time was 14 days) which were shorter than the results published
by Petersen et al[26]. Except the breed disparity of animals
between two studies some factors may be related to this
despondent result. (1) All swine underwent DIPS without
intubation and the respiratory movement of animals could not
be well controled. 4 stents’ unprecisely deployment, 2 deployed
far into the portal vein and 2 dislodged into animal’s RHSIVC,
were attributed to animal’s irregular respiratory movement.
(2) We created this DIPS via a femoral vein’s approach. The
direction of flow in shunt is opposite to the flow orientation in
IVC. This might form whirlpool or turbulent flow at the outflow
venous end of the stent and made it liable to injury from stress
of the jet stream of blood. (3) Compared with the Palmaz stents
used by Petersen, the high thrombogenicity of home-made stent
may lead to early shunt malfunction. Finally, All swine used
in this study have a normal liver without portal hypertension.
After DIPS, the portosystemic gradient was decreased to
0.24±0.11 kPa which can not maintain the sufficient flow in
shunt, using a “bare-stent” that can not effectively prevent the
ingrowth of normal liver parenchyma and no anticoagulant
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being administered were also related to this early stenosis or
occlusion of shunt.
Our initial experience demonstrated creating direct
intrahepatic portosystemic shunt in swine was safe and feasible.
Carefully studying the anatomic relationship of intrahepatic
portal vein and RHSIVC in cirrhosis patients and deploying a
low-thrombogenic stent-graft in parenchymal track seem to
be necessary for safely performing and achieving a long term
patent DIPS in human being.
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Abstract
AIM: To study the effects of palmatine, a known inhibitor
on delayed rectifier potassium current and L-type calcium
current (ICa,L) in guinea pig ventricular myocytes, on the
potassium and calcium currents in isolated rat hepatocytes.
METHODS: Tight-seal whole-cell patch-clamp techniques
were performed to investigate the effects of palmatine on
the delayed outward potassium currents (IK), inward rectifier
potassium current (IK1) and Ca2+ release-activated Ca2+
current (ICRAC) in enzymatically isolated rat hepatocytes.
RESULTS: Palmatine 0.3-100 µM reduced IK in a concentrationdependent manner with EC50 of 41.62±10.11 µM and nH,
0.48±0.07 (n=8). The effect of the drug was poorly reversible
after washout. When the bath solution was changed to
tetraethylammonium (TEA) 8 mM, I K was inhibited.
Palmatine 10 µM and 100 µM shifted the I-V curves of IK
downward, and the block of IK was voltage-independent.
Palmatine 0.3-100 µM also inhibited ICRAC in a concentrationdependent manner. The fitting parameters were as follows:
EC50=51.19±15.18 µM, and nH=0.46±0.07 (n=8). The peak
value of I CRAC in the I-V relationship was decreased by
palmatine 10 µM and 100 µM. But the reverse potential of
ICRAC occurred at Voltage=0 mV in all cells. Palmatine 0.3100 µM failed to have any significant effect on either inward
or outward components of IK1 at any membrane potential
examined.
CONCLUSION: The inhibitory effects on IK and ICRAC could
be one of the mechanisms that palmatine exerts protective
effect on hepatocytes.
Wang F, Zhou HY, Cheng L, Zhao G, Zhou J, Fu LY, Yao WX.
Effects of palmatine on potassium and calcium currents in isolated
rat hepatocytes. World J Gastroenterol 2003; 9(2): 329-333
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INTRODUCTION
There are many natural drugs for liver diseases currently used
in popular medicine. For example, quaternary protoberberine

alkaloids from Flissitigma and Goniothalamus have been used in
popular medicine for hepatomegaly and hepatosplenomegaly[1,2].
The uses of alkaloids from Berberis aristata for liver injury
induced by chemical carcinogenesis and alkaloids from
Enantica for disorders of bilirubin have also been reported[3,4].
Palmatine, the protoberberine class of isoquinoline alkaloids,
has been found in plants of various families, and mainly
presents in the rhizomes of Fibrarurea Tinctoria Lour. These
medicinal plants have been used as folk medicine in treatment
of jaundice, dysentery, hypertension, inflammation and liverrelated diseases[5,6]. The previous studies have shown that
palmatine could block the delayed rectifier potassium current
and had inhibition effect on L-type calcium current (ICa,L) in
guinea pig ventricular myocytes[7-11]. Pauli et al reported a
protoberberine alkaloids mixture from Enantia chlorantha,
called Hepasor, containing palmatine, columbamine and
jatrorrhizine prevented liver from chemically induced
traumatization and also promoted the healing process in the
hepatic injury models selected. Hepasor improved the blood flow
and mitotic activity in thioacetamide-traumatized rat livers[12].
However, the hepatoprotective mechanism of palmatine still
remains unknown. And there are no data available to the
relationship between ion currents in hepatocytes and the
hepatoprotective effect of palmatine.
In the present study, we investigated the effects of palmatine
on whole-cell currents recorded from isolated rat hepatocytes
to explore its mechanisms against liver injury. We tried to
develop not only an effective hepatoprotective agent but also
a promising leading compound against liver injury while
maintaining a low side-effect profile.

MATERIALS AND METHODS
Cell preparation
The rat hepatocytes were enzymatically isolated from Sprague
Dawley (SD) rats of either sex (150 to 200 g) by slightly
modified procedures described previously[13-18]. 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. The portal vein and the inferior vena cava were
cannulated. The liver was initially perfused at a flow rate of
25 mL·min -1 with a constant-flow system with modified
oxygenated Ca2+, Mg2+-free Hanks’ solution containing (in
mM): NaCl 137, KCl 5.4, NaH 2PO 4 0.5, Na 2HPO 4 0.58,
NaHCO3 4.16 and Glucose 5.5 (pH 7.3) for several minutes,
followed by perfusion with a Ca2+, Mg2+-free Hanks’ solution
containing collagenase (0.3 g·L-1; type I) for 10 min. The
solutions were gassed with 100 % O2 and warmed 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 three times by
centrifugation at 50 g for 2 min. The cell pellets were resuspended
in Kraft-bruhe (KB) solution containing (in mM): L-glutamic
acid 70, KCl 130, taurine 15, KH2PO4 10, MgCl2 0.5, Glucose
11, 4-(2-hydroxyethyl)-1-piperazine-N’-2-ethanesulfonic acid
(HEPES) 10 and ethylene glycol-bis (β-aminoethyl ether)-N,
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N, N’, N’-tetraacetic acid (EGTA) 0.5 (pH 7.4) that yielded
approximately 85 % to 95 % viable hepatocytes. A small aliquot
of the medium containing single cell was transferred into a 1
mL chamber mounted on the stage of an inverted microscope
(XD-1012B, Nanjing, China). The spherical, smooth cells were
used for the whole-cell voltage-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 the capillary glass
electrodes (GG-17, Nanjing, China) used was 2 to 4 MΩ when
filled with internal solution. A patch-clamp amplifier (PC-II,
Wuhan, China) was used to record 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 software (pClamp 6.0, Wuhan, China) and
data were stored on computer for subsequent analysis. Drug
actions were measured only after steady-state-conditions were
reached, which were judged by the amplitudes and time courses
of currents remaining constant with further perfusion of drug.
Drugs and solutions
Palmatine hydrochloride was obtained from Zhonglian
Pharmaceutical Company of China as base powders, dissolved
in distilled water and made a stock solution at 0.1 M. Palmatine
was added to bath solution for extracellular application. All drugs
were from Sigma Chemical Co unless otherwise indicated.
With studies of IK, the bath solution was a modified Tyrode’s
solution contained (in mM): 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 (in mM): 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 (in mM): KCl 7, MgCl2 2, EGTA 1, Kglutamate 130 and HEPES 10 (pH 7.4).
For ICRAC recording, the bath solution was (in mM): NaCl 140,
KCl 2.8, CaCl2 10, MgCl2 0.5, Glucose 11 and HEPES 10 (pH 7.4).
The pipette solution used (in mM): K-glutamate 145, NaCl 8,
MgCl2 1, MgATP 0.5, EGTA 10 and HEPES 10 (pH 7.2).
Statistics
All values are expressed as mean ±S.E.M and error bars were
plotted as S.E.M. Student’s t test was used to evaluate the
statistical significance of differences between means. A value
of P<0.05 was considered to be statistically significant.
Concentration-response curves were fitted by the Hill equation:
Inhibition of current (%)= 100/[1+(EC50/C)nH]
Where EC50 is the concentration of palmatine for halfmaximum block, C is the concentration of palmatine, and nH,
the Hill coefficient.
RESULTS
Effects of palmatine on IK
IK was evoked in isolated rat hepatocytes by depolarizing pulse
to +140 mV for 900 ms from a holding potential of -50 mV.
The current at the end point of the test pulse was measured as
the amplitude of IK[19].
To better the concentration of palmatine necessary for halfmaximal effect, six concentrations (0.3-100 µM) were studied.
The percentage block of IK was defined as (IControl-Ipalmatine)/IControl
and plotted as a function of logarithm [palmatine] in Figure
1B. At +140 mV, palmatine exerted a concentration-dependent
inhibition of the current, which was poorly reversible after
washout (Table 1). The data points are fitted according to the Hill
equation with an EC50 for palmatine on IK is 41.62±10.11 µM
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and nH, 0.48±0.07 (n=8). When the bath solution was changed
to tetraethylammonium (TEA) 8 mM, IK was inhibited.
Figure 1C shows the effects of palmatine 10 µM and 100 µM
on the steady-state I-V relationship for IK generated by applying
12 depolarizing pulses from +30 mV to +140 mV for 900 ms
with a 10 mV increment from a holding potential of -50 mV.
In the presence of palmatine 100 µM, the amplitude of IK was
significantly reduced from +70 mV through +140 mV (n=8,
P<0.05 or P<0.01 vs control). The currents were inhibited in a
voltage-independent manner at the potentials tested. For
example, at +100 mV, IK was reduced by palmatine 100 µM from
1 319.52±192.60 to 575.37±133.29 pA (56.40 % reduction), and
at +140 mV, current was reduced from 1 861.42±215.76 to
879.37±172.30 pA (52.76 % reduction). The relative reductions
of IK were illustrated in Figure 1D. Currents after addition of
10 µM and 100 µM palmatine were normalized to currents
under control conditions at a given voltage, and it can clearly
be seen that the currents were inhibited to the same degree at
all potentials tested.
Table 1 Effects of palmatine on IK at a test potential of +140
mV and ICRAC at -100 mV
Concentration (µM)
0.3

Inhibition of IK (%)

Inhibition of ICRAC (%)

3.36±1.96

3.81±0.40

1

11.04±3.03

10.19±2.03

3

23.97±4.62

21.42±3.22

10

36.75±5.12

37.39±3.95

30

49.58±7.98

47.50±4.38

100

55.40±8.97

52.10±5.98

Effects of palmatine on IK1
Hyperpolarizing and depolarizing potentials over a range from
-200 mV to +175 mV were applied from a holding level of
0 mV [20]. The absolute value at the end of test pulse was
measured as the amplitude of IK1. Palmatine 0.3-100 µM failed
to have any significant effect on either inward or outward
components of IK1 at any membrane potential examined.
Effects of palmatine 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,
the ICRAC was evoked[21]. As shown in Figure 2, ICRAC also was
blocked by palmatine in a concentration-dependent fashion,
and the current was less sensitive to palmatine than IK with an
EC50 of 51.19±15.18 µM and nH=0.46±0.07 (n=8). Table 1 also
showed the effects of palmatine on ICRAC at a test potential of
-100 mV. Figure 2C showed the effects of palmatine 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 I CRAC in the I-V
relationship was decreased by palmatine 10 µM and 100 µM
(n=8, P<0.05 or P<0.01 vs control). But the reverse potential
of ICRAC occurred at voltage=0 mV in all cells.
DISCUSSION
In this study we have, for the first time, characterized the effects
of palmatine on the hepatocyte IK, IK1 and ICRAC by patch-clamp
techniques and demonstrated that palmatine effectively
inhibited IK and ICRAC in isolated rat hepatocytes.
Membrane potential is important in regulating metabolic
processes in the liver, including gluconeogenesis, amino acid
transport, and the rate of uptake of bile salts[22,23]. Changes in
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line indicates zero current level. (B) Dose-response curve for the effects of palmatine on IK. The data are mean values from n=8
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shown in the inset of panel (B). bP<0.05, cP<0.01 vs control (n=8). (D) Dependence of palmatine effects on test potential. The values
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K+ permeability can affect the transmembrane potential.
Transcellular bile acid transport is integrated in the regulation
of intracellular pH, K+ homeostasis and membrane potential.
Hepatocellular K+-depletion can result in inhibition of bile acid
secretion despite rising intracellular concentration[24-26].
During ischemia and hypoxia, hepatocellular volume and
K + conductance are increased. It was reported that the
extracellular K+ increase would result in hyperpolarization and

hyperexcitabillity of cells. This would lead to cell death[27-29].
Nietsch et al demonstrated membrane potential change by
modulation of K+ channel activity might be involved in the
mechanism of apoptosis in human hepatoma cells[30,31]. The
inhibition of K+ channels could delay hepatocyte apoptosis
and death.
Calcium has been demonstrated to play an important role
in hepatocyte damage. Elevation of intracellular Ca 2+
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concentration was associated with the development of cell
damage and apoptosis[32-35].
Recent developments suggest that an early disturbance in
hepatocellular Ca2+ homeostasis might be involved in the
hepatocellular damage induced by CCl4[36-38].
Hepatocytes as the nonexcitable cells are short of the
voltage-dependent Ca2+ channels but possess plasma membrane
Ca2+ channels that have a high selectivity for Ca2+, and are
activated by a decrease in the concentration of Ca 2+ in
intracellular stores, which named ICRAC[39, 40]. The gating of ICRAC
is independent of membrane voltage, there is, nevertheless, a
strong dependence of Ca2+ influx on the driving force exerted
by the membrane potential, ie, the influx rate increases with
hyperpolarization and decreases with depolarization, which is
different from cardiac myocytes that Ca2+ influx increases with
depolarization and decreases with hyperpolarization[41].
Palmatine inhibits ICRAC with EC50 of 51.19 µM, which is
higher than the EC 50 of I Ca,L in cardiac myocytes [42]. The
differential drug sensitivity of the two currents also provides
further support for the idea that ICRAC is different from voltagegated Ca2+ channel.
In conclusion, palmatine blocks K+ channel and decreases
the extracellular K+ to regulate the metabolic processes in the
liver. Palmatine also inhibits ICRAC effectively and protects
hepatocytes from calcium overload via the inhibition of ICRAC.
The inhibitory effects on IK and ICRAC may partly contribute to
the hepatoprotective action of palmatine.
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Abstract
AIM: To observe the localization of TRAIL/TRAIR (DR4, DR5,
DcR1, DcR2) in the fetal pancreas.
METHODS: Fetal pancreas of 32 weeks of pregnancy were
obtained from induced abortions, embedded in paraffin, and
4-µm sections were prepared. The localization of TRAIL/
TRAILR in fetal pancreas was investigated by fluorescence
immunohistochemical method combined with laser scanning
confocal microscopy.
RESULTS: TRAIL immunoreactive cells were mainly located
on the periphery of the pancreas islets. There were a few
DcR1 and DcR2 positive cells whereas there were no
immunoreactive cells of DR4 and DR5 in the pancreas islets.
In the acini and the ducts of the exocrine pancreas there
were no TRAIL/TRAILR immunoreactive cells.
CONCLUSION: This study not only describes the
distribution of TRAIL/TRAILR in the fetal pancreas, but also
provides a morphological basis for deducing the function
of TRAIL/TRAILR in pancreas, suggesting that in normal
pancreatic islets, the pancreatic cells are resistant towards
apoptosis too.
Chen LH, Liu XS, Wang WY, Han WN, Pan BR, Jin BQ.
Localization of TRAIL/TRAILR in fetal pancreas. World J
Gastroenterol 2003; 9(2): 334-337
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INTRODUCTION
Being an important endocrinology organ, the pancreas plays
an important role in many physical and pathological
processes[1-11]. The pancreatic islets could secrete not only the
classical endocrinology substances such as insulin, glucagons,
somatostatin and so on, but also could secrete some
neuropeptides and cytokines[12,13].
Tumor necrosis factor related apoptosis inducing ligand
(TRAIL)/TRAILR is a group of molecules belong to TNFSF/
TNFRSF identified from 1995 and displays very important
biological function[14-20]. Despite the widespread interest in
TRAIL and its receptors to date, studies on TRAIL/TRAILR

are mostly stayed on mRNA level just for the lack of
monoclonal antibodies. Fortunately, a series of antibodies
against TRAIL/TRAILR system have been prepared and
identified successfully by our department and Screaton group
recently and these provided a useful way to detect the
expression of TRAIL/TRAILR in many organs and tissues[21].
In this experiment, we detected the localization of TRAIL/
TRAILR in fetal pancreas.

MATERIALS AND METHODS
Reagents
The mouse anti-human DR4, DR5, DcR1, and DcR2 antibodies
and the rabbit anti-human TRAIL antibody were prepared in
our department. Biotin conjugated horse anti-rabbit IgG, FITC
conjugated goat anti-mouse IgG and Texas red-conjugated
streptavidin were purchased from Sigma.
Preparation of tissue sections
Five fetal pancreas of 32-week pregnancy were surgically
obtained. They were washed with physiological saline at 4
and a 6-mm3 piece was taken from each before fixed in Bouin’s
solution overnight. Each piece was embedded in paraffin and
4-µm sections were prepared.
Immunohistochemistry
Four-micrometer sections from fetal pancreas of 32-week
pregnancy were employed in the fluorescent
immunohistochemical analysis of TRAIL/TRAILR. Several
dilutions of the antibody were tested to find the optimal staining
concentration before the entire series was processed. The
staining procedure was carried out as previous reports, without
protease treatment[22]. Briefly, the steps included: (1) the
sections were deparaffinized in xylene, hydrated in ethanol,
and washed in 0.01 mol/L PBS, then pretreated with 30 mL/L
normal goat serum for 40 min and rinsed in 0.1 mol/L PBS;
(2) incubation at 4 for 24 h in the primary antibodies, mouse
anti-human DR4, DR5, DcR1 and DcR2 antibody (1:200
dilution, final concentration of 25 mg/L) was performed
respectively, and then in rabbit anti-human TRAIL antibody
(1:300 dilution in 10 mL/L BSA-PBS); (3) the secondary
antibody, biotin-labeled horse anti-rabbit IgG (1:200 dilution),
was incubated at room temperature for 1 h; (4) simultaneous
incubation with 1:200 FITC conjugated goat anti-mouse IgG
and Texas red-conjugated streptavidin (1:1 000 dilution) for
30 min. The sections were washed three times for 10 min each
after incubation from steps 2 to 4, respectively, and were finally
mounted in 50 g/L glycerin. The sections were examined with
Bio-Rad 1024 LSCM. The specimens were excited with a laser
beam at wavelengths of 568 nm (Texas Red) and 488 nm
(FITC) and the emission light was focused through a pinhole
aperture. The full field of view was scanned in square image
formats of 512x512 pixels.
Controls
Primary antibodies were substituted by irrelevant antibodies
and normal rabbit or goat serum as specific antibody control.
PBS was substituted for primary antibody as negative control.
Primary antibody was omitted as blank control.
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Figure 1, 4, 7, 10 Distribution of TRAIL in fetal pancreas. The positive reactivities are mainly distributed in membrane (red). TRlabelled ×400.
Figure 2, 5, 8, 11 Localization of DcR1, DcR2, DR4 and DR5 respectively in fetal pancreas. There are a few DcR1 (Figure 2) and
DcR2 (Figure 5) positive cells and the positive substances locate in membrane mainly (green). There is no DR4 (Figure 8) and DR5
(Figure11) positive cells distributed in fetal pancreas. FITC-labelled ×400.
Figure 3, 6, 9, 12 Coexpression of TRAIL/TRAILR in fetal pancreas. Some TRAIL positive cells coexpress with DcR1 or DcR2,
whereas there is no coexpression of TRAIL and DR4, TRAIL and DR5 in fetal pancreas. The positive cells distribute in disperse
(yellow). TR-labelled TRAIL, FITC-labelled TRAILR (DcR1, DcR2, DR4 and DR5) ×400.

RESULTS
Localization of TRAIL in fetal pancreas
Fluorescent immunohistochemistry showed that TRAIL
positive cells located on the periphery of pancreatic islets
mainly. In the acini and the ducts of the exocrine pancreas
there were no TRAIL immunoreactive cells. The positive cells
distributed in disperse or patch pattern. The positive reactivity
was mainly distributed in membrane and cytoplasm, while
nuclei remained immunonegative (Figures 1,4,7 and 10).
Localization of TRAILR in fetal pancreas
Figures 2, 5, 8 and 11 showed the localization of DcR1, DcR2,
DR4 and DR5 respectively in fetal pancreas. There were a
few DcR1 (Figure 2) and DcR2 (Figure 5) positive cells and
the positive reactivity located in membrane mainly (green).
There was no DR4 (Figure 8) and DR5 (Figure 11) positive
cells distributed in fetal pancreas.
Coexpression of TRAIL and TRAILR in fetal pancreas
Some TRAIL positive cells coexpressed with DcR1 or DcR2,
whereas there was no coexpression of TRAIL and DR4, TRAIL
an d DR5 in f etal p an creas. All DcR1 an d DcR2
immunoreactive cells showed TRAIL immunoreactivity
(Figures 3, 6, 9 and 12).

DISCUSSION
Members of the TNF and TNF superfamilies of proteins are
involved in the regulation of many important biological
processes, including development, organogenesis, and innate
and adaptive immunity[23]. The TNF-related apoptosis-inducing
ligand (TRAIL, also known as Apo-2L) is a newly identified
TNF superfamily member with high homology to FasL. In the
TRAIL/TRAILR system, control over apoptosis relies on
differential display of receptors (TRAILR). These include DR4
(TRAIL-R1) and DR5 (TRICK2/ TRAIL-R2), which transduce
apoptotic signals, as well as DcR1 (TRID/LIT/ TRAIL-R3)
and DcR2 (TRUNDD/TRAIL-R4), which lack functional death
domains and act as decoys. Osteoprotegerin (OPG), a soluble
decoy receptor for OPGL/RANKL/TRANCE, which is
involved in osteoclast function, has also been reported to bind
to TRAIL[24-36].
There were some reports on the distribution of TRAIL/
TRAILR in human pancreas and pancreatic cancer. Liao et al
found that TRAIL-R3 mRNA and protein expression were
generally weak in pancreatic cancers and normal pancreatic
tissues. In contrast, TRAIL-R4 mRNA and protein were
expressed at moderate to high levels in human pancreatic cancer
tissues, but demonstrated weak to negative expression in the
normal pancreas by Northern blotting, Western blotting and
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immunohistochemistry[37]. Satoh et al detected the expression
of TRAIL and its receptors other than osteoprotegerin in normal
pancreatic tissues using RT-PCR[38]. In our experiment, we
found for the first time that in fetal pancreatic islets, there was
strong distribution of TRAIL protein. The TRAIL
immunoreactive substances mainly located on the membrane
and cytoplasm with negative nuclei. Some TRAIL
immunoreactive cells also showed DcR1 or DcR2 positive
immunstaining, whereas there were no expression of DR4 and
DR5 in fetal pancreas. Our results show some consistence with
what Liao et al and Satoh et al have found.
We all know that pancreatic cancer is one of the most
aggressive cancers, partly due to the general resistance of
pancreatic cancer cells towards apoptosis. Ibrahim et al
demonstrated that pancreatic carcinoma cells evaded the
immune system in two mechanisms. One is the expression of
nonfunctional receptors, decoy receptors, and molecules that
block cell death, such as bcl2 and bcl-Xl. The other is the
expression of apoptosis-inducing ligands, such as TRAIL, that
could induce cell death of immune cells[39]. In our experiment,
we found that in fetal pancreatic islets, some cells expressed
TRAIL. At the same time, DcR1 and DcR2 also colocated with
TRAIL in some cells, but there was no expression of DR4 and
DR5. Our findings suggest that in fetal pancreatic islets, the
pancreatic cells are resistant towards apoptosis too. The
characteristics of the fetal pancreas are consistent with those
of pancreatic cancer.
It is well known that there are some kinds of cell types in
human pancreatic islets such as A cells, B cells, D cells and PP
cells. Although we found that TRAIL was located in some
endocrine cells, we could not conclude which kind of cell types
it existed in. This still needs to be clarified further.

REFERENCES
1

2

3

4

5

6

7
8
9

10
11

Fu XY, W ang HY , Tan L, Liu SQ, Cao H F, Wu MC.
Overexpression of p28/gankyrin in human hepatocellular carcinoma and its clinical significance. World J Gastroenterol 2002; 8:
638-643
Kohut M, Nowak A, Nowakowska-Duiawa E, Marek T. Presence and density of common bile duct microlithiasis in acute biliary pancreatitis. World J Gastroenterol 2002; 8: 558-561
Yu Y, Yang WX, Wang H, Zhang WZ, Liu BH, Dong ZY. Characteristics and mechanism of enzyme secretion and increase in
[Ca2+]i in Saikosaponin(I) stimulated rat pancreatic acinar cells.
World J Gastroenterol 2002; 8: 524-527
Zhou ZG, Chen YD. Influencing factors of pancreatic microcirculatory impairment in acute panceatitis. World J Gastroenterol
2002; 8: 406-412
Liu B, Staren E, Iwamura T, Appert H, Howard J. Taxotere resistance in SUIT Taxotere resistance in pancreatic carcinoma cell
line SUIT 2 and its sublines. World J Gastroenterol 2001; 7: 855-859
Ghaneh P, Slavin J, Sutton R, Hartley M, Neoptolemos JP. Adjuvant therapy in pancreatic cancer. World J Gastroenterol 2001; 7:
482-489
Slavin J, Ghaneh P, Sutton R, Hartley M, Rowlands P, Garvey C,
Hughes M, Neoptolemos J. Management of necrotizing
pancreatitis. World J Gastroenterol 2001; 7: 476-481
Fleischer F, Dabew R, Goke B, Wagner AC. Stress kinase inhibition modulates acute experimental pancreatitis. World J
Gastroenterol 2001; 7: 259-265
Guo XZ, Friess H, Shao XD, Liu MP, Xia YT, Xu JH, Buchler
MW. KAI1 gene is differently expressed in papillary and pancreatic cancer: influence on metastasis. World J Gastroenterol 2000;
6: 866-871
Pan QS, Fang ZP, Huang FJ. Identification, localization and morphology of APUD cells in gastroenteropancreatic system of stomach-containing teleosts. World J Gastroenterol 2000; 6: 842-847
Yan FM, Chen AS, Hao F, Zhao XP, Gu CH, Zhao LB, Yang DL,
Hao LJ. Hepatitis C virus may infect extrahepatic tissues in patients with hepatitis C. World J Gastroenterol 2000; 6: 805-811

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

February 15, 2003 Volume 9 Number 2

Adeghate E, Ponery AS. The role of leucine-enkephalin on insulin and glucagon secretion from pancreatic tissue fragments of
normal and diabetic rats. Arch Physiol Biochem 2001; 109: 223-229
Yang BM, Demaine AG, Kingsnorth A. Chemokines MCP-1 and
RANTES in isolated rat pancreatic acinar cells treated with CCK
and ethanol in vitro. Pancreas 2000; 21: 22-31
Shetty S, Gladden JB, Henson ES, Hu X, Villanueva J, Haney N,
Gibson SB. Tumor necrosis factor-related apoptosis inducing
ligand (TRAIL) up-regulates death receptor 5 (DR5) mediated
by NFkappaB activation in epithelial derived cell lines. Apoptosis
2002; 7: 413-420
Pettersen I, Figenschau Y, Olsen E, Bakkelund W, Smedsrod B,
Sveinbjornsson B. Tumor necrosis factor-related apoptosis-inducing ligand induces apoptosis in human articular chondrocytes in
vitro. Biochem Biophys Res Commun 2002; 296: 671
Dorothee G, Vergnon I, Menez J, Echchakir H, Grunenwald D,
Kubin M, Chouaib S, Mami-Chouaib F. Tumor-infiltrating CD4+
T lymphocytes express APO2 ligand (APO2L)/TRAIL upon specific stimulation with autologous lung carcinoma cells: role of
IFN-alpha on APO2L/TRAIL expression and-mediated
cytotoxicity. J Immunol 2002; 169: 809-817
Guan B, Yue P, Lotan R, Sun SY. Evidence that the human death
receptor 4 is regulated by activator protein 1. Oncogene 2002; 21:
3121-3129
Eid MA, Lewis RW, Abdel-Mageed AB, Kumar MV. Reduced
response of prostate cancer cells to TRAIL is modulated by
NFkappaB-mediated inhibition of caspases and Bid activation.
Int J Oncol 2002; 21: 111-117
Xiang H, Fox JA, Totpal K, Aikawa M, Dupree K, Sinicropi D,
Lowe J, Escandon E. Enhanced tumor killing by Apo2L/TRAIL
and CPT-11 co-treatment is associated with p21 cleavage and
differential regulation of Apo2L/TRAIL ligand and its receptors.
Oncogene 2002; 21: 3611-3619
Grataroli R, Vindrieux D, Gougeon A, Benahmed M. Expression
of tumor necrosis factor-alpha-related apoptosis-inducing ligand
and its receptors in rat testis during development. Biol Reprod
2002; 66: 1707-1715
Simon AK, Williams O, Mongkolsapaya J, Jin B, Xu XN, Walczak
H, Screaton GR. Tumor necrosis factor-related apoptosis-inducing ligand in T cell development: sensitivity of human
thymocytes. Proc Natl Acad Sci U S A 2001; 98: 5158-5163
Huang XF, Wang CM, Dai XW, Li ZJ, Pan BR, Yu LB, Qian B,
Fang L. Expressions of chromogranin A and cathepsin D in human primary hepatocellular carcinoma. World J Gastroenterol 2000;
6: 693-698
Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor superfamilies: integrating mammalian biology. Cell 2001; 104:
487-501
Evdokiou A, Bouralexis S, Atkins GJ, Chai F, Hay S, Clayer M,
Findlay DM. Chemotherapeutic agents sensitize osteogenic sarcoma cells, but not normal human bone cells, to Apo2L/TRAILinduced apoptosis. Int J Cancer 2002; 99: 491-504
Zhang HG, Xie J, Xu L, Yang P, Xu X, Sun S, Wang Y, Curiel DT,
Hsu HC, Mountz JD. Hepatic DR5 induces apoptosis and limits
adenovirus gene therapy product expression in the liver. J Virol
2002; 76: 5692-5700
He Q, Lee DI, Rong R, Yu M, Luo X, Klein M, El-Deiry WS, Huang
Y, Hussain A, Sheikh MS. Endoplasmic reticulum calcium pool
depletion-induced apoptosis is coupled with activation of the
death receptor 5 pathway. Oncogene 2002; 21: 2623-2633
Luciano F, Ricci JE, Herrant M, Bertolotto C, Mari B, Cousin JL,
Auberger P. T and B leukemic cell lines exhibit different requirements for cell death: correlation between caspase activation,
DFF40/DFF45 expression, DNA fragmentation and apoptosis in
T cell lines but not in Burkitt’s lymphoma. Leukemia 2002; 16:
700-707
van Noesel MM, van Bezouw S, Salomons GS, Voute PA, Pieters
R, Baylin SB, Herman JG, Versteeg R. Tumor-specific down-regulation of the tumor necrosis factor-related apoptosis-inducing
ligand decoy receptors DcR1 and DcR2 is associated with dense
promoter hypermethylation. Cancer Res 2002; 62: 2157-2161
Lamothe B, Aggarwal BB. Ectopic expression of Bcl-2 and BclxL inhibits apoptosis induced by TNF-related apoptosis-inducing ligand (TRAIL) through suppression of caspases-8, 7, and 3

Chen LH et al. TRAIL/TRAILR in fetal pancreas

30

31
32

33

34

and BID cleavage in human acute myelogenous leukemia cell
line HL-60. J Interferon Cytokine Res 2002; 22: 269-279
Morrison BH, Bauer JA, Hu J, Grane RW, Ozdemir AM,
Chawla-Sarkar M, Gong B, Almasan A, Kalvakolanu DV,
Lindner DJ. Inositol hexakisphosphate kinase 2 sensitizes ovarian carcinoma cells to multiple cancer therapeutics. Oncogene
2002; 21: 1882-1889
Nzeako UC, Guicciardi ME, Yoon JH, Bronk SF, Gores GJ. COX2 inhibits Fas-mediated apoptosis in cholangiocarcinoma cells.
Hepatology 2002; 35: 552-559
Koyama S, Koike N, Adachi S. Expression of TNF-related
apoptosis-inducing ligand (TRAIL) and its receptors in gastric
carcinoma and tumor-infiltrating lymphocytes: a possible mechanism of immune evasion of the tumor. J Cancer Res Clin Oncol
2002; 128: 73-79
Legembre P, Moreau P, Daburon S, Moreau JF, Taupin JL. Potentiation of Fas-mediated apoptosis by an engineered
glycosylphosphatidylinositol-linked Fas. Cell Death Differ 2002;
9: 329-339
Bretz JD, Mezosi E, Giordano TJ, Gauger PG, Thompson NW,
Baker JR Jr. Inflammatory cytokine regulation of TRAIL-medi-

337

35

36

37
38

39

ated apoptosis in thyroid epithelial cells. Cell Death Differ 2002;
9: 274-286
Park SY, Billiar TR, Seol DW. IFN-gamma inhibition of TRAILinduced IAP-2 upregulation, a possible mechanism of IFNgamma-enhanced TRAIL-induced apoptosis. Biochem Biophys Res
Commun 2002; 291: 233-236
Odoux C, Albers A, Amoscato AA, Lotze MT, Wong MK. TRAIL,
FasL and a blocking anti-DR5 antibody augment paclitaxel-induced apoptosis in human non-small-cell lung cancer. Int J Cancer 2002; 97: 458-465
Liao Q, Friess H, Kleeff J, Buchler MW. Differential expression
of TRAIL-R3 and TRAIL-R4 in human pancreatic cancer. Anticancer Res 2001; 21: 3153-3159
Satoh K, Kaneko K, Hirota M, Masamune A, Satoh A,
Shimosegawa T. Tumor necrosis factor-related apoptosis-inducing ligand and its receptor expression and the pathway of
apoptosis in human pancreatic cancer. Pancreas 2001; 23: 251-258
Ibrahim SM, Ringel J, Schmidt C, Ringel B, Muller P, Koczan D,
Thiesen HJ, Lohr M. Pancreatic adenocarcinoma cell lines show
variable susceptibility to TRAIL-mediated cell death. Pancreas
2001; 23: 72-79
Edited by Zhang JZ

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

World J Gastroenterol 2003;9(2):338-341
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• BASIC RESEARCH •

Influence of platelet activating factor on expression of adhesion
molecules in experimental pancreatitis
Hua Zhao, Ji-Wei Chen, Ya-Kui Zhou, Xue-Feng Zhou, Pei-Yun Li
Hua Zhao, Ji-Wei Chen, Ya-Kui Zhou, Xue-Feng Zhou, Department
of general surgery, Zhongnan ospital, Wuhan University, Wuhan
430071, Hubei Province, China
Pei-Yun Li, Department of Pathology, Medical school, Wuhan
University, Wuhan 430071, Hubei Province, China
Correspondence to: Dr. Hua Zhao, Department of general surgery,
Zhongnan hospital, Wuhan University, Wuhan 430071, Hubei
Province, China. jhonazao@yahoo.com.cn
Telephone: +86-27-87330104
Received: 2002-08-13 Accepted: 2002-09-02

Abstract
AIM: To determine whether Platelet activating factor (PAF)
has a regulation role in the expression of adhesion molecules
and accumulation of neutrophils in a murine model of acute
pancreatitis.
METHODS: One hundred twenty-eight Kunming mice were
divided into four groups. Group 1 received 0.1 ml saline s.c.
every hour for three hours (sham). Group 2 received cerulein
(50 µg/kg dose s.c.) every hour for three hours. Group 3
received AP and additional challenge of PAF (50 mg/kg in
absolute ethanol) (AP/PAF). Group 4 received AP, plus
therapeutic treatment with GAB (25 mg dose i.p.) immediately
after the first challenge of cerulein (AP/GAB). Animals were
sacrificed at 12 h after the first challenge of saline or cerulein.
Adhesion molecules of pancreas were semi-quantified by
SP methods. Standard assays were performed for serum
amylase and myeloperoxidase activity (MPO) of pancreas.
Histology of pancreas was scored in a blind manner. Water
content of pancreas was also measured at the same time.
RESULTS: Control pancreata showed negligible adhesion
molecule expression and neutrophil accumulation. There
were evident adhesion molecules expression and neutrophil
accumulation in AP and AP/PAF compared with sham (P<0.05).
AP/GAB had a lower level of adhesion molecules, neutrophils,
and water content versus AP and AP/PAF (P<0.05). Histology
showed a trend toward improvement in AP/GAB, but did
not reach statistical significance.
CONCLUSION: PAF can induce the expression of adhesion
molecules that mediate neutrophil accumulation. The PAF
antagonist reduces the expression of adhesion molecules
and the severity of inflammation when given immediately
after the induction of mild AP in mice. These results suggest
that PAF antagonism may be useful in the treatment of mild
pancreatitis after its clinical onset.
Zhao H, Chen JW, Zhou YK, Zhou XF, Li PY. Influence of platelet
activating factor on expression of adhesion molecules in experimental
pancreatitis. World J Gastroenterol 2003; 9(2):338-341
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INTRODUCTION
Acute pancreatitis (AP) was characterized as local and systemic

inflammatory reactions. Adhesion molecules play a pivotal role
in neutrophil immigration and accumulation [1]. Platelet
activating factor (PAF) is a biologically active phospholipid
which is thought to function as one of the proximal mediators
in the inflammatory cascade of AP. However, the relationship
between PAF and the expression of adhesion molecules in AP
remains largely unknown, although Blackstone MO has ever
speculated[2].
The present study was conducted to determine whether PAF
has a regulatory role in the expression of adhesion molecules
and the accumulation of neutrophils. To examine this effect, a
murine model of edematous pancreatitis was established by
overdose administration of cerulein, as described by Tani et
al [3]. PAF and its antagonist (GAB) were also used in this
experiment.

MATERIALS AND METHODS
Meterials
Cerulein and PAF were purchased from Sigma Chemical Co.
(St.Louis, Missouri). GAB (Ginkgolide AB) was a generous
gift from associate professor Di-Qing Zhang in Guizhou
University. MPO assay kit was purchased from Nanjing
Jiancheng Bioengineering Co. Ltd. China. Rabbit anti-rat Eselectin polyclonal antibody and Rabbit anti-rat ICAM-1
p olyclo nal an tibo dy wer e pu rchased fr om Boster
Bioengineering Co. Ltd. China. SP assay kit was purchased
from Maixin Bioengineering Co. Ltd. China. Cerulein was
dissolved in normal saline at the concentration of 10 µg/ml.
PAF was first dissolved in absolute ethanol, and then diluted
with normal saline when it was to be used. GAB was dissolved
in 30 % Dimethyl Sulfoxide (DMSO).
128 six-week-old Kunming mice, weighing 34-36 g each,
were purchased from the experimental animal center of Wuhan
University. The animals were randomly divided into 4 groups
(described in methods) and fed standard laboratory chow. All
animals were allowed to acclimatize for a minimum of 1 week
prior to experimentation. Before the day of the experiment,
animals were fasted overnight, but allowed free access to water.
Animals model
Acute pancreatitis was established in 32 mice (AP group) by
subcutaneous injection of cerulein (50 µg/kg dose) every hour
for three hours. Sham group (32 mice) received subcutaneous
injection of normal saline every hour for three hours. AP/PAF
group (32 mice) received subcutaneous injection of cerulein
(50 µg/kg dose) every hour for three hours, plus PAF (50 µg/
kg dose) injected peritoneally immediately after the first
cerulein challenge. AP/GAB group (32 mice) received
subcutaneous injection of cerulein (50 µg/kg dose) every hour
for three hours, plus therapeutic treatment with GAB (25 mg/
kg i.p.) immediately after the first cerulein challenge.
The animals were sacrificed at 12 h after the first cerulein
challenge or saline injection. Some mice (eight in every group)
were decapitated and the blood was collected in vials for the
analysis of serum amylase. Pancreata were dissected. Some
were weighted and grounded for the analysis of MPO, and the
others were fixed with formalin for histological scoring and
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immunohistochemical staining. Some left pancreatic tissues
were dried and weighted.

MPO measurement
MPO assay of pancreas was performed according to the
instructions of commercial kit.
Amylase
Serum amylase levels were measured using starch-iodine method.
Water content
Pancreas was dissected from its attachment and the fluid on its
surface was dried with filter paper. Then the pancreas was
placed in oven at a temperature of 90-92 for 10 hours. Water
content = (Weightwet-Weightdry)/ Weightwet×100 %.
Histological grading
Pancreatic sections were stained with hematoxilin and eosin
and graded in a blind manner by two investigators. Severity of
pancreatitis was scored on a scale of 0 to 4 (normal to severity)
in the categories (vacuolization, inflammation, edema) for a
total score of 0 to 12, as described by J.Schmidt[4].
Immunohistochemical staining
Pancreata were fixed in formalin for 12 h and then embedded
in paraffin wax. Sections were cut at 4 µm in thickness and
mounted on slides. They were deparaffinized by passing them
through two changes of xylene and graded series of ethanol,
followed by rinses in tap water and 0.01 mmol·l-1 phosphorate
buffered saline (PBS),respectively. Endogenous peroxidase
activity was quenched by treating the section with 3 %
hydrogen peroxide for 10 minutes. Nonspecific binding was
blocked by incubating sections in 1 % bovine albumin in PBS
for 10 minutes, and then incubated for an hour in primary
antibody (rabbit anti-E-selectin or rabbit anti-ICAM-1
polyclonal antibody). After rinsing in PBS, the sections were
treated sequentially with biotinconjugated second antibody for
10 minutes and then with streptavidin-peroxidase for another
10 minutes with PBS rinsing after each step. Sections were
stained subsequently with freshly prepared DAB reagent for 3
minutes, and terminated by rinsing in water. then the sections
were immerged in hematoxylin for 3-5 minutes and 0.5 mmol·l-1
HCl for 10 seconds. Finally, when passed through two changes
of xylene and graded series of alcohol, the sections were
covered with coverslip for light analysis. Every slice was
counted on ten different fields by two investigators
independently. Vessel stained brown was considered positive
vessel. (-), score 0, means no positive vessel was observed.
(+), score 1, means 1-2 positive vessels were observed. (++),
score 2,means 3-4 positive vessels were observed. (+++), score
3, means more than 5 positive vessels were observed.

Figure 1 12 h, sham group showed negative expression of
adhesion molecules. (×400).

Figure 2 E-selectin was evident in AP at 12 h. (×400).

Figure 3 ICAM-1 was evident in AP at 12 h. (×400).

Statistical analysis
Numerical variables are reported as means ± SEM and
compared between groups using Newman-Keuls method. Rank
data are reported as means and analyzed with Nemenyi method.
Difference with P<0.05 are considered significant.
RESULTS
Expression of adhesion molecules
In control group there was no staining of E-selectin and ICAM1 in pancreatic venules. Expression of the two adhesion
molecules was eminent in AP and AP/PAF. But there was no
difference between the two groups. AP/GAB has a lower level
of E-selectin and ICAM-1 expression compared with AP (Table
1, Figures 1-4).

Figure 4 ICAM-1 expression in AP/GAB at 12 h. (×400).
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Amylase and water content
Serum amylase levels and water content was used to evaluate
the severity of pancreatic injury. Amylase rose at 12 h in AP
and AP/PAF group against control group, but there was no
difference between the two groups. GAB treatment significantly
reduced the amylase level at 12 h (P<0.05). Water content
reflects the extent of pancreatic edema. At 12 h AP and AP/
PAF showed a higher level of water content against sham and
AP/GAB. AP/GAB still has a higher level of water content
than sham (Table 2).
MPO activity
Measurement of neutrophil accumulation by MPO activity
revealed that AP and AP/PAF had an increase of MPO activity
almost 10-fold greater than sham. AP/GAB showed
significantly lower level of MPO Activity than AP (P<0.05).
And this level did not return to the values seen in sham treated
animals (Table 2).
Pancreatic histological analysis
Sham group was microscopically intact, with normal
histological structure. Pancreatic lesions, such as edema,
vacuation and infiltration of PMN were found in AP, AP/PAF
and AP/GAB. There was a trend toward improvement in
histological parameters in AP/GAB, but it failed to reach
statistical significance. (Data not shown).
Table 1 Expression of adhesion molecules in pancreas. (x±s)
Group

E-selectin

ICAM-1

Sham
AP
AP/PAF
AP/GAB

0
2.1a
2.3a
1.1b

0
2.3a
2.4a
1.1b

a

P<0.05 vs sham, bP<0.05 vs AP.

Table 2 Measurement of amylase, MPO activity, water content.
(x±s).
Group

Sham
AP
AP/PAF
AP/GAB
a

Amylase (×103 U/L)

4.2±0.2
22.1±2.7a
22.9±0.9a
10.9±0.8b, c

MPO activity (AU/g)

Water content (%)

2.14±0.011
2.213±0.035a
2.325±0.067a
0.795±0.004b,c

71.0±0.1
81.0±0.2a
79.8±0.2a
75.3±0.1b,c

P<0.05, bP<0.05 vs sham, cP<0.05 vs AP.

DISCUSSION
Platelet activating factor, 1-O-octadecyl-2-acetyl-Sn-glycero3-phosphocholine, is a potent inflammatory mediator produced
by endothelial cells, platelets, monocytes, neutrophils, and
basophils. It has been widely studied that PAF played an
important role in the pathogenesis of AP, and its local and
systemic effects on AP have also been revealed. The systemic
effects cause circulatory disturbances and multiple organ
failure. Local effects include platelet aggregation, neutrophil
accumulation, microvascular ischemia and increasing of
capillary permeability[5-7]. Moreover, PAF itself also can induce
pancreatitis when injected in peritoneal or superior
pancreatoduodenal artery[8-10].
Accordingly, treatment of experimental pancreatitis with
PAF antagonist has consistently shown significant local and
systemic protection to reduce inflammatory changes[11-15]. But
the mechanism of its protection has not been fully classified.
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One kind of PAF antagonist, lexipafant, has been studied in
clinical trials in acute pancreatitis. In phase II and phase III
clinical studies lexipafant showed better protection against AP,
although a phase III clinical trial in UK showed little protection
in the treatment of severe acute pancreatitis[16-18].
In vitro PAF can induce the expression of adhesion
molecules[19], there was little information whether PAF and its
antagonist could regulate the expression of adhesion molecules
in AP. So, we conducted this experiment to testify the hypothesis.
Leukocyte accumulation from circulating blood to the site
of inflammation includes multiple steps involving different
kind of adhesion molecules on the endothelial cell. There are
four steps in the adhesion cascade: (1) tethering, (2) triggering,
(3) firm adhesion and (4) diapedesis- and these steps must occur
in ordered sequence. Tethering interactions are the first step
in the adhesion cascade. The molecules involved in this reaction
come from the selectin family, such as E-selectin and P-selectin.
The firm-binding phase involves superimmunoglobulin family,
such as ICAM-1 and VCAM-1. Both E-selectin and ICAM-1
have shown to be necessary for transendothelial migration of
polymorphonuclear leukocytes[20]. In AP, neutrophils and
adhesion molecules elevate and play an important role[21,22].
Treatment of severe acute pancreatitis with ICAM-1
monoclonal antibody reduces the severity of pancreatic and
lung injury. The severity of AP is partially decreased in mice
deficient in ICAM-1[22].
In our study adhesion molecules were elevated in AP. But
additional PAF challenge couldn’t increase the expression of
adhesion molecules. PAF antagonist (GAB) can reduce the
expression of adhesion molecules and reduce the accumulation
of neutrophils in pancreas in AP. The mechanism may be that
internal PAF has enough capability to induce the expression
of adhesion molecule, and exogenous PAF do not have
accelerating ability to induce more expression of adhesion
molecules. PAF antagonist may have different ways in AP to
reduce the expression of adhesion molecules: (1) reduce the
concentration of cytokines, such as TNF-α and IL-1β[23,24]. (2)
reduce oxidative stress in pancreas [24,25]. (3) repress the
activation of NF-κB directly.
In conclusion, PAF plays an important role in the expression
of adhesion molecules and accumulation of neutrophils in AP.
PAF antagonist can be used early in mild AP. Further studies
are necessary to determine whether PAF antagonist can prevent
mild AP to transform into severe AP.
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Abstract
AIM: To study the effect of co-expression of ppsA, pckA,
aroG, pheA and tyrB genes on the production of Lphenylalanine, and to construct a genetic engineering strain
for L-phenylalanine.
METHODS: ppsA and pckA genes were amplified from
genomic DNA of E. coli by polymerase chain reaction, and
then introduced into shuttle vectors between E coli and
Brevibacterium flavum to generate constructs pJN2 and pJN5.
pJN2 was generated by inserting ppsA and pckA genes into
vector pCZ; whereas pJN5 was obtained by introducing ppsA
and pckA genes into pCZ-GAB, which was originally
constructed for co-expression of aroG, pheA and tyrB genes.
The recombinant plasmids were then introduced into B.
flavum by electroporation and the transformants were used
for L-phenylalanine fermentation.
RESULTS: Compared with the original B. flavum cells, all
the transformants were showed to have increased five
enzyme activities specifically, and have enhanced Lphenylalanine biosynthesis ability variably. pJN5 transformant
was observed to have the highest elevation of Lphenylalanine production by a 3.4-fold. Co-expression of
ppsA and pckA increased activity of DAHP synthetase
significantly.
CONCLUSION: Co-expression of ppsA and pckA genes in
B. flavum could remarkably increase the expression of DAHP
synthetase; Co-expression of ppsA, pckA, aroG, pheA and
tyrB of E. coli in B. flavum was a feasible approach to
construct a strain for phenylalanine production.
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INTRODUCTION
L-phenylalanine, one of the essential amino acids in human,
is used as a major component of amino acid in infusion

clinically. For the past two decades, biosynthesis of Lphenylalanine has attracted more and more attentions due to
the increasing demand of Aspartame, a dipeptide sweetener
containing L-phenylalanine[2,3].
Production of L-phenylalanine by microbes has clear
advantages over chemical synthesis, e.g., the biological
processes are more environmentally sound and utilize
renewable resources [4-8]. In bacteria, the biosynthesis of
aromatic amino acids starts from condensation reaction of
central carbon intermediates phosphoenolpyruvate (PEP) and
erythrose-4-phosphate (E4P) to form 3-deoxy-D-arabinoheptulosonate-7-phosphate (DAHP), which is catalyzed by
DAHP synthetase (DS) [9,10]. DAHP is then converted to
chorismate, the branch point of aromatic amino acid
biosynthesis. L-phenylalanine is synthesized from chorismate
by three continuous steps catalyzed by chorismate mutase
(CM), prephenate dehydratase (PD) and aromatic-amino-acid
transaminase (AT). In E. coli, aroG and tyrB genes encode
DS and AT, respectively[11-17], whereas CM and PD are encoded
by a single gene pheA[18-21].
Since the genes coding for amino acid biosynthesis are
well characterized in E. coli and other microbes, it is possible
to make metabolic pathway engineering via recombinant DNA
approach to increase the productivity of phenylalanine in
bacteria. As reported previously, introduction of a single gene
pheA into Corynebacterium glutamicum resulted in a 35 %
increase of L-phenylalanine production[22]. In our previous
work, co-expression of aroG, pheA and tyrB in Brevibacterium
lactofermentum with pCZ-GAB gave a 2-fold increase in Lphenylalanine yield [1]. On the other hand, elevation of
intracellular levels of the precursor PEP is considered to be
essential to channel more carbon flux into aromatic flux in
order to get higher yield of L-phenylalanine. In E. coli, two
enzymes are involved in the formation of PEP. PEP synthetase
(PpsA) catalyzes the synthesis of PEP from pyruvate by
transphosphorylation reaction[23], whereas PEP carboxykinase
(PckA) catalyzes the synthesis of PEP from oxaloacetate by
decarboxylation reaction[24-26]. PpsA and PckA are encoded by
ppsA gene and pckA gene, respectively. Overexpression of
ppsA gene in E coli has been shown to elevate DAHP level by
a 1.9-fold[27]. PckA over-expression in E coli cells showed a
20 % increase in molar conversion yields for L-phenylalanine
production[15].
In this study, the ppsA and pckA genes in E coli were
amplified from genomic DNA by polymerase chain reaction
(PCR), and then introduced into a B. flavum-E. coli shuttle vector
with aroG, both pheA and tyrB genes were used as operons.
The constructs were transformed into B. flavum for Lphenylalanine fermentation, and the specific activities of each
enzyme as well as the L-phenylalanine yield were measured.

MATERIALS AND METHODS
Bacterial strains and plasmids
All the strains and plasmids used in this study are listed in
Table 1. E coli XL1-Blue-G and B. flavum 311 are mutants
resistant to phenylalanine analogue fluoropheylalanine. XL1Blue-G was used as donor of ppsA and pckA.
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Table 1 Bacterial strains and plasmids
Strain or plasmid Relevant characteristics

Construction of recombinant plasmids
Primers for amplification of ppsA gene were synthesized
according to Ref. 29 with addition of restriction enzyme sites
of EcoRI for forward primer (5’-GCATGAATTCGATGTCC
AACAATGGCTCGTC-3’) and KpnI for reverse primer (5’GCATGGTACCGATTCGATTGCGATGCAGGT-3’).
Primers for amplification of pckA gene were designed
according to Ref. 30 with addition of restriction enzyme sites
of KpnI for forward primer (5’-GCATGGTACCATATTGG
CTAAGGAGCAGTG-3’) and HindIII for reverse primer (5’TACGAAGCTTATCCAGCGAACCGTG-3’). The genes
were amplified by PCR and cloned on pBlueScript II SK(+)
and transferred on to expression vector pλPR in a tandem
arrangement as showed in Figure 1. The fragment containing
tandem ppsA and pckA was then inserted into shuttle vector
pCZ and pCZ-GAB to obtain pJN2 and pJN5.

Source or reference

E.coli XL1-Blue-G

Fpr (donor of ppsA, pckA)

Ref. 28

E.coli P2392

(strain for expression)

Stored by our lab

B. flavum 311

Nxr, Fpr (strain for expression
and fermentation)

Stored by our lab

pλPR

Apr (E. coli expressing vector)

Ref. 28

pλPR-pps

pλPR inserted with ppsA

This study

pλPR-pck

pλPR inserted with pckA

This study

pλPR-2p

pλPR inserted with ppsA
and pckA tandemly

This study

pSK-PBF

pBluscript SK- inserted
with promoter PBF

Structured by our
lab, unpublished

pCZ

Kmr (B. Flavum-E.coli shuttle vector)

Stored by our lab

pCZ-GAB

pCZ inserted with tandem aroG pheA tyrB

Ref. 1

pJN2

pCZ inserted with tandem ppsA pckA

This study

pJN5

pCZ-GAB inserted with tandem ppsA pckA

This study

Enzymatic activity assay
Crude lysates used for enzymatic activity assays were prepared
as described previously [1]. The total protein level was
determined by the method of Bradford[31]. PpsA activity was
determined by method[32] described with modification. In brief,
each PpsA assay mixture contained 1.5 µmol/L pyruvate,
10 µmol/L ATP, 10 µmol/L MgCl2, 100 µmol/L Tris-HCl (pH
8.0), and 200 µL crude lysates. The reaction was terminated
by adding 0.3 mL 100 g/L TCA and 0.1 mL 1 g/L 2,4-dinitro
phenylhydrazine, and was monitored by measuring the
consumption of pyruvate at 520 nm. PckA activity was
determined as publication[33] with modification. In brief, each
PckA assay mixture contained 10 µmol/L PEP, 50 µmol/L
NaHCO3, 4 µmol/L ADP, 80 µmol/L MgCl2, 100 µmol/L TrisHCl (pH 7.5), and 100 µL crude lysates. The reaction was
terminated by adding 0.75 mL ethanol and 20 µL 20 g/L Fast

Fpr, resistance to fluorophenylalanine; Nxr, resistance to nalidixic
acid; Apr, resistance to ampicillin; Kmr, resistance to kanamycin.

Media and growth conditions
E. coli and transformants containing plasmid were grown at
in Luria-Bertani medium. B. flavum and plasmid37
containing transformants were grown in complete medium at
31 for DNA manipulation and expression, and were grown in
production medium for fermentation as described previously[1].
Media were supplemented with the following antibiotics
as required: fluorophenylalanine (1 mg/mL), nalidixic acid
(10 µg/mL), ampicillin (100 µg/mL), kanamycin (20 µg/mL).
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Violet B Salt, and was monitored at 520 nm. DS and AT
activities were assayed as described previously[28]. CM activity
was determined as the method of Xia[34]. PD activity was
assayed as the method of Ref. 35.

When we looked at the enzymatic activities of DS in
different transformants, we found that either single-gene
expression or co-expression of ppsA and pckA genes could
induce elevated expression of DS by 0.5 to 1.1-fold.

Fermentation and analysis of phenylalanine
Fermentation of B. flavum 311 was carried out and the
fermentation yields of L-phenylalanine were determined by
the method of Ref. 1.

Enzymatic activities in transformed B. flavum 311 cells
To attempt metabolite pathway engineering in B. flavum, a
host strain for L-phenylalanine production, shuttle vectors pJN2
and pJN5 were constructed and introduced into B. flavum 311
cells by electroporation. The specific enzymatic activities were
measured for each transformants as summarized in Table 3.
For the pJN5-harboring transformant, all of the six specific
enzymatic activities had increased. The pJN2-harboring
transformant showed higher specific activities for PpsA and
PckA than pJN5-harboring transformant as expected. Again,
a significant increase in DS activity was observed, though aroG
gene was not expressed by pJN2, which was very similar to
the results of pλPR-2p in E coli P2392. Unexpectedly, all of
the DS, AT and CM/PD enzymatic activities of pJN5-harboring
transformant were higher than that of pCZ-GAB-harboring
transformant, since the copy number of pJN5 in G.flavum
transformant was lower than that of pCZ-GAB (data not shown).

RESULTS
Expression of ppsA and pckA genes in transformed E. coli cells
The ppsA and pckA genes were amplified from E coli genomic
DNA by PCR and were then subsequently cloned onto
pBluescript II SK(+) plasmid at corresponding restriction sites.
Minor point mutations were detected on the amino acid
sequences of PpsA and PckA protein as determined by DNA
sequencing (data not shown). These two genes were expressed
in E coli to confirm its bioactivities.
The expression vectors were constructed based on vector
pλPR to either express a single gene or co-express the two genes
as an operon. The constructs were transformed into in E. coli
P2392 cells and the protein profiles of transformants were
analyzed by SDS-PAGE (Figure 2). Distinct protein bands
corresponding to the molecular weights of PpsA and PckA
were detected on SDS-PAGE as shown in Figure 2. The relative
specific activities of the transformants were also determined
(Table 2). Independent expression of ppsA and pckA genes
resulted in increase in specific enzymatic activities of the
corresponding enzymes by 4.2- and 1.5-fold, respectively.
Whereas in co-expression of ppsA and pckA genes, the
increases in specific enzymatic activities were 2.1-fold and
1.3-fold, a slightly lower than that of independent expression.
The results suggested that the two genes amplified by PCR
had the normal enzymatic activities.
1

2

3

4

5

6
PpsA

PckA

Figure 2 SDS-PAGE analysis of total proteins of E. coli P2392 cells
harboring different recombinant plasmids. Lane 1, total protein
of E. coli P2392 cells; lane 2, harboring pλPR; lane 3, harboring
pλPR-pps; lane 4, protein markers, lane 5, harboring pλPR-2p; lane
6, harboring pλPR-pck. Arrows indicate molecular weight of the
protein markers and the positions of PpsA and PckA.
Table 2 The relative specific enzymatic activities in E. coli P2392
harboring different constructs
Strain/plasmid

PckA

Constructs

Relative specific enzymatic activities
PpsA

PckA

DS

CM/PD

AT

pCZ

1

1

1

1/1

1

pJN2

4.2

4.5

1.9

1.0/1.2

1.2

pCZ-GAB

0.9

1.1

4.2

4.1/2.2

4.7

pJN5

2.8

3.3

6.3

4.9/2.5

5.5

Phenylalanine production in transformed B. flavum 311 cells
To investigate the effect of enhanced enzymatic activities on
L-phenylalanine production, the B. flavum 311 transformants
harboring different constructs were subject to fermentation
under conditions described in Materials and Methods, and the
L-phenylalanine yield was determined. As shown in Table 4,
pJN5-harboring transformant had a 2.4-fold increase in
phenylalanine yield compared with the original B. flavum 311
cells, which had the highest phenylalanine yield among all the
transformants. On the other hand, the effect of ppsA and pckA
genes on L-phenylalanine yield was strictly limited with only
a 0.3-fold increase. Phenylalanine yield of the pCZ-GABharboring transformant was almost equal to that of pJN5,
implying that biosynthesis of L-phenylalanine was mainly
determined by aroG, tyrB and pheA genes.
Table 4 Phenylalanine production of B. flavum harboring different constructs
Constructs

Yield (g/L)

Relative yield

None

1.64±0.27

1

pCZ

1.59±0.29

1

pJN2

2.04±0.25

1.3

pCZ-GAB

4.83±0.18

3.0

DS

pJN5

5.39±0.32

3.4

DISCUSSION
The metabolic pathway engineering of microorganisms has
been considered as the most promising approach to achieve
high yield of fermentation products. Over-expressing of genes

Relative enzymatic activities
PpsA

Table 3 Relative specific enzymatic activities in B. flavum 311
harboring different constructs

E coli P2392/pλPR

1

1

1

E coli P2392/pλPR -pps

5.2

1.0

1.8

E coli P2392/pλPR -pck

1.0

2.5

1.5

E coli P2392/pλPR –2p

3.1

2.3

2.1
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playing important roles in biosynthesis pathway, and
introducing of special genes isolated from other organisms by
genetic manipulation, are major approaches for metabolic
pathway engineering. Elevation of PpsA and PckA levels in
bacterial cells usually leads to the accumulation of PEP, a
limiting precursor of biosynthesis of L-phenylalanine.
Therefore, over-expression of ppsA and pckA genes is expected
to channel more carbon flux into aromatic flux. In this study,
we amplified ppsA and pckA genes from E. coli genomic DNA,
and successfully expressed the two genes together with other
three genes in B. flavum to investigate the effect of overexpression of these genes on biosynthesis of L-phenylalanine.
Our studies revealed that expression of ppsA/pckA genes both
in E. coli and in B. flavum could not only significantly elevate
the enzymatic activities of PpsA/PckA, but also remarkably
increase the expression of DS, which plays a central role
downstream PEP in the pathway of phenylalanine biosynthesis.
As shown in Table 4, introduction of pJN2, pCZ-GAB and
pJN5 into B. flavum could increase the phenylalanine yield by
0.3-, 2.0- and 2.4-fold, respectively. The differences between
pJN2 and the two others are significant. A reasonable
conclusion from this result is that although ppsA and pckA
genes are important for accumulating PEP, they are not crucial
for phenylalanine yield. The net increase in phenylalanine yield
by ppsA and pckA genes when other three genes (aroG, pheA
and tyrB) are over-expressed, is 13 %. Though 13 % is not a
big increase, but this makes a sense for industrial scale
production of L-phenylalanine. These results demonstrated
feasibility to increase the phenylalanine yield by overexpressing ppsA and pckA genes in microorganisms.
Recently it was reported that the disruption of csrA gene
could increase gluconeogenesis and decrease glycolysis, and
thus could in turn accumulate PEP[36-41]. A strain in which the
aromatic (shikimate) pathway had been optimized produced
twofold more phenylalanine when csrA was disrupted. We
have cloned this gene in this study and are trying to construct
expression plasmid carrying csrA gene as well as other genes
investigated. With further effort, metabolic pathway
engineering will be finally applicable to the production of
phenylalanine on a large scale.
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Abstract
AIM: To investigate the role of tri-iodothyronine supplement
in protecting gut barrier in septic rats.
METHODS: Twenty-two rats were randomized into three
groups: sham group (n=6), sepsis group (n=8), and sepsis
plus tri-iodothyronine (T3) group (n=8). Septic rat model
was established through cecal ligation and puncture (CLP).
After 5 h, sham and sepsis groups received saline, and the
remaining group received T3 intraperitoneally. Twenty-one
hrs After CLP, intestinal permeability and serum free T3 and
T4 were measured with fluorescence spectrophotometer and
by radioimmunoassay, respectively. Intestinal ultrastructure
and histologic morphology were observed under transmission
electron microscopy (TEM) and light microscopy, respectively.
RESULTS: After 21 h, septic symptoms and signs in sepsis
plus T3 group were milder than those in sepsis group. Serum
FT3 or FT4 concentration in sepsis group was lower than that
in sham group (1.59±0.20, 3.41±2.14 pmol/L vs 3.44±1.40,
9.53±3.39 pmol/L, P<0.05), and FT3 concentration in sepsis
plus T3 group (3.40±1.65 pmol/L, P<0.05) was corrected.
Portal concentration of fluorescein isothiocyanate-dextran
(FITC-D) in sepsis group (2.51±0.56 mg/L) was higher than
that in sham group (1.22±0.21 mg/L) (P<0.01), and in sepsis
plus T3 group (1.68±0.38 mg/L) it was decreased significantly
(P<0.01). TEM and light microscopy showed that T 3
supplement preserved well ultrastructure and morphology
of intetinal mucosa in septic rats.
CONCLUSION: Tri-iodothyronine supplement protects gut
barrier in septic rats.
Yang ZL, Yang LY, Huang GW, Liu HL. Tri-iodothyronine
supplement protects gut barrier in septic rats. World J
Gastroenterol 2003; 9(2): 347-350
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INTRODUCTION
In recent years, laboratory and clinical researches have strongly
shown that the gastrointestinal tract plays a pivotal role in the
occurrence of sepsis and multiple organ dysfunction syndrome
(MODS)[1-4]. It is believed that gut barrier failure is a “trigger
point” in sepsis and MODS, and some substances including
intestinal trefoil factor[5], glucagons-like peptide 2 [6-8] and
glutamine[9,10] may protect gut barrier, but we are still facing

either poor efficacy in clinical application or the challenge of
translating the findings from the bench to the bedside.
Therefore, it has become a breakthrough that may prevent
MODS occurrence, improve septic prognosis and further seek
for protective substances of gut barrier.
The “euthyroid sick syndrome, ESS” is defined as a
decreased concentration of plasma tri-iodothyronine (T3) with
normal or low thyroxine (T4), but serum thyroid-stimulating
hormone concentration is normal[11,12]. This syndrome is seen
in states in which there are significant insults to the host
including surgery, starvation, myocardial infarction,
hypothermia and sepsis. In the study of ESS, it was reported
that T3 supplement may protect some organ functions[13], such
as pulmonary function during sepsis[14], and donor myocardial
function after transplantation [15]. Recently, in sepsis, T 3
augmentation was shown by Chapital et al to increase the
circulating antithrombin III levels, which is a critical material
to prevent disseminated intravascular coagulation(DIC)[16]. An
earlier study revealed that hypothroid hormone resulted in
atrophy of intestinal epithelial cells, decreased mucosal DNA
and protein contents, shortened the villi height, decreased the
cryt depth and rates of utilization of glucose and glutamine,
and consequently impaired the gut barrier[17]. Based on these
studies, we hypothesized that T3 supplement may protect gut
barrier in sepsis. This study was to investigate the relationship
between T3 and gut barrier in septic rats.

MATERIALS AND METHODS
Animals
Twenty-two adult male specific pathogen free (SPF) SpragueDawley rats weighing from 250 to 350 g were utilized in this
investigation. The animals were purchased from Department
of Animal Laboratory of Xiangya Medical College. Rats used
in the present study were cared in accordance with the directory
of Central South University Animal Care Unit, and the
guidelines of the National Institutes of Health on welfare of
laboratory animals.
Animal model
Rats were randomly divided into three groups: sham group
(n=6), sepsis group (n=8), and sepsis plus T3 group (n=8).
Sepsis was induced by cecal ligation and puncture (CLP) as
described by Wichterman et al[18]. Under 3 % pentobarbital
natrium anesthesia, a laparotomy was performed (the size of
the incision was 2.0 cm), and the cecum was ligated just distally
to the ileocecal valve to avoid any intestinal obstruction and
was punctured across the intestine once with an 18 gauge
needle. Punctured holes were placed 1-0 silk thread in case
they were blocked up. The cecum was then returned to the
peritoneal cavity and the abdomen was closed in two layers.
Laparotomy in sham group was performed and the cecum was
manipulated, but neither ligated nor punctured. All animals
were resuscitated subcutaneously with 50 ml/kg body weight
of normal saline at the completion of surgery. After 5 h, sepsis
plus T3 group were injected intraperitoneally with 1.5 ml/kg
body weight of T3 (0.01 g/L, Sigma), and sham group and
sepsis group received 1.5ml/kg body weight of normal saline.
All animals were anesthetized 21hrs post-CLP once more with
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two- thirds of original dose, their intestinal permeability and
serum free T3 and T4 were measured, intestinal ultrastructure
and histologic morphology were observed.

Intestinal permeability measurement
Intestinal permeability was determined essentially according
to the method described by Chen et al[19]. A 20 cm segment of
the ileum was dissected beginning at 3 cm ileum proximal to
ileocecal valve with well protected superior mesenteric vessels.
The bilateral end of the isolated ileum was clamped with rubber
bands to prevent the leakage of fluorescein isothiocyanatedextran(FITC-D). One ml of 0.1M phosphate buffer saline
(PBS, pH7.2) containing 25 mg of FITC-D (MW4400, Sigma)
was injected into the lumen. After 30 min, a blood sample
(100 µL) was taken by a puncture of the portal vein and
immediately diluted with 1.9 ml of 50 Mm Tris(pH10.3)
containing 150 mM chloride natrium. The diluted plasma was
centrifuged at 3 000×g, 4
for 7 min. The supernatant was
analyzed for FITC-D concentration with a Hitachi fluorescence
spectrophotometer (F-2000) at an excitation wavelength of
480 nm and an emission wavelength of 520 nm. Standard
curves for calculating the FITC-D concentration in the samples
were obtained by diluting various amounts of FITC-D in a
pool of rat plasma, then diluted and centrifuged in the same
manner as the samples before measurement.
Transmission electron microscopy (TEM)
Segments of intestine were removed, small rings were cut from
the intestine, and immediately fixed in 2.5 % glutaraldehyde
for at least 24 hours, and counter-fixed in 2 % osmium tetroxide
prepared in 0.1M phosphate buffer, pH7.4 for one hour. They
were then dehydrated in graded series of ethanol and propylene
oxide and embedded in Epon 812, Sections were cut, collected
on copper grids, counter stained with uranyl acetate and lead
citrate, and examined under a Hitachi H-600 electron microscope.
Histological assessment
A longitudinal 1 cm segment of intestine was removed and
rinsed in normal saline, fixed in 10 % neutral formalin, and
processed by conventional methods. The tissue was embedded
in paraffin wax. Tissue sections (5 µm) were stained with
haematoxylin and eosin. Intestinal morphologic characteristics
were evaluated under light microscopy.
Assay of serum free T3 and T4 (FT3, FT4)
After 21hrs, 3 ml blood samples were collected from inferior
vena cava, centrifuged at 1 500×g for 15 min. The supernatants
for later FT 3 and FT 4 assay by
were frozen at -20
radioimmunoassay (RIA).
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and FT4 levels in sepsis group were also much lower than those
in sham operated rats (Table 1).
Table 1 Serum FT3 and FT4 concentrations measured by RIA (x±s)
Groups

n

FT3 (pmol/L)

Sham

6

3.44±1.40a

9.53±3.39a

Sepsis

8

1.59±0.20

3.41±2.14

Sepsis plus T3

8

3.40±1.65

a

FT4 (pmol/L)

6.37±4.45

a

P<0.05 vs sepsis group.

Rats receiving normal saline after CLP showed a significant
increase in intestinal permeability in comparison with sham
group (P<0.01), rats with administered T3 after CLP showed a
significant decrease in intestinal permeability in comparison
with the sepsis plus normal saline group (P<0.01) (Figure 1).
3.5
3.0
FITC-D (mg/L)

348

2.5
2.0

b
b

1.5
1.0
0.5
0

Sham

Sepsis

Sepsis plus
tri-iodothyronine

Figure 1 Effect of tri-iodothyronine on gut permeability. bP<0.01
vs sepsis group.

A

Statistical analysis
Data were expressed as x±s and compared using one-way
analysis of variance (ANOVA). The statistical analyses were
made using the Statistical Package for the Social Science
(SPSS10.0) software. Differences were considered as
significant when the probability was less than 0.05.
RESULTS
All rats of sepsis group exhibited symptoms and signs of sepsis,
including lethargy, piloerection, decreased grooming, and
diarrhea. Above symptoms and signs of sepsis plus T3 group
were milder, and sham group were normal.
Serum FT 3 levels in sepsis group were decreased
significantly compared with tri-iodothyronine treated rats at
21 hrs, sepsis plus T3 rats had normal or slightly decreased
FT3 levels after CLP 21 hrs compared with sham operated rats,

B
Figure 2 Transmission electron micrography of intestinal mucosal cells. (A) In sepsis group intestinal epithelial cells. (B) In
sepsis plus T3 group intestinal epithelial cells ×6 000.
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In sepsis group, the ultrastructure of intestinal epithelial
cells showed that the microvilli were sharply reduced and
deformed, and loss was patchy. The edema of the villi cells
was more pronounced with the mitochondrias dropsy and
vacuolar change, gaps of enterocytes were sharply widened,
junctional complex among enterocytes were shortened and
widened (Figure 2 A). In contrast, ultrastructure of sepsis plus
T3 group showed that the microvilli were dense and regular
with a jagged and interlocking pattern among enterocytes and
the mitochondrias were clear (Figure 2 B).
Under photomicrography, septic rats showed severe edema
and sloughing of the villous tips compared with sham animals
(Figure 3A and B). Rats with administered T3 after CLP showed
relatively normal villous tips without sloughing (Figure 3 C).

A

B

C
Figure 3 In sham rats, intestinal mucosal architecture is well preserved (A). Sepsis induced significantly edema of villous tips and
sloughing of villous enterocytes (B).The tri-iodothyronine prevented the intestinal damages induced by sepsis (C). HE,×100.

DISCUSSION
For more than 3 decades, it has been known that the euthyroid
sick syndrome exists probably in any severe illness, including
starvation[20], pulmonary tuberculosis[21], sepsis[22,23], surgery[24,25],
myocardial infarction [26,27], bypass [28] and bone marrow
transplantation[29]. The syndrome is also called low T3 syndrome

or nonthyroidal illness, characterized by low serum T3 levels,
and serum free T4 levels are commonly below normal, but may
be normal or above normal. It is likely that mechanism of thyroid
hormone suppression in these illness is multifactoral and may
differ in different groups of patients, as for low serum T3 levels
in this syndrome, one important cause is a decreased generation
of T3 by type I iodothyronine deiodinase in the liver and a
reduced degradation of r T3[30]. Subsequently, Nagaya et al
demonstrated that in severe illness activated NF-κB could inhibit
T3-dependent induction of type I 5’- deiodinase mRNA and
enzyme activity[31]. In addition, the degree of low T3 in circulation
has been shown to correlate with the severity of the underlying
disorders and the prognosis[32]. Some authors believe that this is
an abnormal state with decreased production rather than
increased degradation, others content that this may be the body’s
adaptation to stress protecting the body against exaggerated
catabolism. Hitherto, some T3 supplementing studies suggested
that the former might be more reasonable than the latter[14-16,35].
In this study, we used cecum ligation and puncture (CLP)
to establish classic animal model of sepsis. During the whole
investigation, our septic models were coincident with the
previous studies[33,34]. An acute decrease in circulating levels
of free T3 and T4 was seen after 21hrs CLP, T3 supplement
prevented the decrease in serum free T3 concentration with
sepsis. ESS was seen in our septic model. Moley et al showed
in their study that absence of thyroid hormone abolished the
hyperdynamic phase of sepsis, increased susceptibility to
sepsis, and significantly increased the mortality in sepsis, and
thyroxine replacement following thyroidectomy prevented the
increased mortality from sepsis [35]. In our research, T 3
supplement showed that septic symptoms and signs of the rats
were abated to a certain extent. Thus, our data has confirmed
that T3 replacement in septic rats with ESS may be beneficial
to the general condition of the patients.
The progression from sepsis to severe sepsis (sepsis with
dysfunction of one organ) to multiple organ dysfunction
syndrome and then to septic death requires escalation of
treatment[36]. During the course of the progression, gut barrier
disruption is believed to be the “motor” of “irreversible” shock
and multiple system organ failure[37]. The critical cause is that
translocation of bacteria and endotoxins contribute to the
infection and injury of the body. Increased intestinal mucosal
permeability is considered to be a quantitative index of injury
or dysfunction of the intestinal mucosa barrier. The molecular
probe FITC-D used in this study is considered to penetrate
through a paracellular route toward portal vein via the tight
junctions according to its size. Gut permeability indicated by
FITC-D was coincident with the pathologic changes of injured
gut in inflammation[38]. Assay of TITC-D does not depend on
systemic circulation and renal function compared with other
probe molecule, and so application of FITC-D assay can
indicate more exactly the gut permeability in this experimental
model. Our data showed that T3 administration significantly
decreased gut permeability in septic rats. Photomicrography
and TEM showed that T 3 supplement well preserved the
ultrastructure and mophology of intestinal mucosa. Therefore,
these data indicate that T3 augmentation can protect from the
structural and functional damages of gut barrier in septic rats.
The proximate molecular mechanism by which T3 regulates
gut barrier in sepsis is not known. It is possible that T 3
administration is associated with protective substances
synthesis of intestinal epithelial cells. Smith et al reported that
administration of T 3 could induce expression of heme
oxygenase-1 (HO-1) and stimulate activity of HO-1 in liver of
thyroidectomized rats[39]. HO-1 is a stress-associated protein
whose expression is stimulated by hypoxia, and increases
adaptive response of cells to hypoxia. Hypoxia inducible factor1 (HIF-1) mediates transcriptional activation of HO-1 gene in
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response to hypoxia[40]. Our study showed that T3 supplement
increased expression of HIF-1α in intestinal epithelial cells of
septic rats (unpublished data). Thus, promoting adaptive
response of cells to hypoxia may be one of approaches to
improve gut barrier in sepsis by T3.
In conclusion, thyroid hormone is one of the critical
hormones in mammals and plays an indispensable role in
development as well as in lipid, protein, and carbohydrate
metabolism and energy generation. Our results demonstrate
that tri-iodothyronine, active form of thyroid hormone, can
protect gut barrier in septic rats. Obviously, biologic functions
of thyroid hormone are expanded, and moreover, it may supply
a novel method to protect from the injury of gut barrier in
critic illness. It is of important theoretical significance and
practical value to further investigate its protective mechanism.
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Effects of cholesterol on the phenotype of rabbit bile duct
fibroblasts
Bao-Ying Chen, Jing-Guo Wei, Yao-Cheng Wang, Chun-Mei Wang, Jun Yu, Xiang-Xin Yang
concentration group was 1 427±153 (P<0.05 vs middle
concentration group). There were a lower expression of αactin and few microfilaments in bile duct fibroblasts of control
group with an average fluorescence value of 1 224±138.
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CONCLUSION: Cholesterol can make bile duct fibroblasts
have the phenotypic characteristics of smooth muscle cell
both in vitro and in vivo and this effect is more significant in
vivo. The effect is probably associated with some other
factors besides cholesterol.

Abstract

Chen BY, Wei JG, Wang YC, Wang CM, Yu J, Yang XX. Effects of
cholesterol on the phenotype of rabbit bile duct fibroblasts.
World J Gastroenterol 2003; 9(2): 351-355

AIM: To investigate how cholesterol (Ch) can affect the
phenotype of bile duct fibroblasts of New Zealand rabbits.
METHODS: 16 rabbits were divided randomly into two
groups: the control group and the experiment group. The
rabbits in experiment group were fed with hypercholesterol
diet for 8 weeks. Bile duct was dissociated from rabbits and
prepared for transmission electron microscopy. The purified
bile duct fibroblasts were cultured and divided randomly
into there groups: control group, Ch smiddle concentration
group (0.6 g/L), Ch high concentration group (1.2 g/L). After
incubated for 72 h, the fibroblasts were made into specimens
for transmission electron microscopy. The expression of αactin in bile duct fibroblasts was measured by means of
laser scanning confocal microscopy.
RESULTS: With the transmission electron microscopy, the
normal bile duct fibroblasts were shuttle-shaped, and there
were abundant rough endoplasmic reticulums (RER), but
few mitochondria or microfilaments in cytoplasm. This is
the typical phenotype of fibroblasts. Bile duct fibroblasts of
hypercholesterolemic rabbits were observed. by the
transmission electron microscopy Rough endoplasmic
reticulums were significantly reduced, with a lot of
microfilament bundles or stress fibers appeared in cytoplasm,
especially under plasma membrane. Dense bodies were
scattered within these bundles. Macula densas and
discontinuous sarcolemma were found under plasma
membrane. It suggested that the bile duct fibroblasts of
hypercholesterolemic rabbits presented the phenotype of
smooth muscle cell. The cultured bile duct fibroblasts also
had typical phenotype of fibroblasts. After stimulated by
middle concentration cholesterol (0.6 g/L) for 72 h, there
appeared lots of microfilaments in cytoplasm, but without
dense body, macula densa and discontinuous sarcolemma.
Observed with confocal microscopy, there were many regular
bundles of microfilaments in fibroblasts treated with middle
concentration ch (0.6 g/L) and the expression of α-actin
was signifiantly increased. The average fluorescence value
of middle concentration group was 1 628±189 (P<0.01 vs
control group). Microfilaments and the expression of α-actin
were greatly decreased in fibroblastes of high concentration
group (1.2 g/L). The average fluorescence value of high

http://www.wjgnet.com/1007-9327/9/351.htm

INTRODUCTION
The disorder of cholesterol metabolism is an important cause
of biliary diseases. Previous studies suggest that cholesterol
can change the motility of cholecyst[1, 2], gallbladder contraction
in the patients with cholecyst and in the animals with
hypercholesterolemia decreases[3-6]. Weak contraction may be
a reason of cholesterol calculus. Researchers consider that
cholesterol metabolism disorder has an effect on the structure
and function of bile duct and sphincter of bile duct( SBD)[7-10].
We found that cholesterol liposome (CL) affected not only the
configuration and quantity of cytoskeleton in rabbit SBD
smooth muscle cells but also the proliferation of cells[11-15].
There are many fibroblasts in biliary system except that SBD
is formed with smooth muscle cells[16-18], but it is still unknown
if cholesterol has any effect on bile duct fibroblasts and on the
configuration variation of bile duct. Using cultured fibroblasts
of bile duct, we studied the effect of cholesterol on the
transformation of fibroblasts and its mechanism. We tried to
find out the effect of fibroblast in bile duct remodeling.
MATERIALS AND METHODS
Materials
New zealand immature rabbits aged 2-3months and weighed
2.0-2.5 kg were provided by the Animal Center of the Fourth
Military Medical University. Trysin (Gibco), DMEM medium
(Gibco), fetal calf serum (Qinghu Institute of Foetus Bovine
Utilizationin in Jinhua Zhejiang), water soluble cholesterol
(Sigma), cholesterol (purity for analysis, Shanghai Chemical
Co), antibody against α-actin (Gene Co), antibody of vimentin
and desmin (Dako Co), ABC immunohistochemical kit
(VectorCo), Fluo-3/AM (Molecular Probe Co), CO2 incubater
(Forma Scientific Co), IMT-2 inverted biological microscope
(Olympus Co), YJ-875 ultra-clean operating boar (Suhang
Experimental Animal Technology Development Co), LD4-2
centrifugal machine (Beijing Medical Centrifugal Machine
Factory), JEM-2000EX transmission electron microscope
(JEOL Co), and laser confocal scanning microscope (Bio-Rad
MRC-1024)were commercially obstained.

352

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Methods
Establishment of rabbit model with hypercholesterolemia
Sixteen pure breed New Zealand female rabbits were randomly
divided into 2 groups (n=8). The rabbits in experiment group
were fed with cholesterol at the dose of 10 g per day and 6 d
per week for 8 weeks, the control rabbits were regularly fed.
The rabbits with serium concentration of total cholesterol >10
mmol/L were considered to have hypercholesterolemia It was
normal that the serium concentration of total cholesterol 3.0
mmol/L. Before and during experiment, venous blood was used
to measure the serium concentration of total cholesterol. Before
experiment the rabbits with serium concentration of total
cholesterol >3.0 mmol/L were rejected.
Transmission electron microscope (TEM) observation of
the specimen of rabbit bile duct Rabbits of control and
experiment group were killed by injecting 10 mL air through
ear-margin vein. The bile ducts were removed quickly and
milieu connective tissue of bile ducts was curetted carefully,
then samples were put into 4 30 mL/L glutaral for two hours,
processed conventionally for TEM examination and observed
by JEM-2000EX transmission electron microscope.
Culture of rabbit bile duct fibroblasts Bile ducts of the
control rabbits were dissociated by the means of aseptic
technique and broken by shears. The tissue was digested to
become single cell suspension by trypsin (1.25 g/L). Cells were
washed and resuspended with DMEM (containing 100 mL/L
FCS) and incubated for 75-90 minutes. Then the cells were
collected and transferred into culture bottles. The cells of 2-4
passages were used for experiments.
Identification of rabbit bile duct fibroblasts Three glass cover
slips (18×18 mm) placed into each of 6 cm diameter culture
dishes, then cell suspension was added and incubated for 48 h.
The slips covered with cells were washed twice by PBS (pH 7.4).
There slips were fixed by cold acetone for 15 (4 ) minutes
and were used for HE staining, another 3 slips were fixed for 20
minutes by citromint (40 g/L) for immunohistochemical ABC
staining to exam vimentin and desmin expression.
Treatment of bile duct fibroblasts with cholesterol The cells
of passage 2-4 were trypsinized and seeded in culture bottles
or on glass cover slips in culture dishes, after overnight
preincubation with cholesterol diluted with 20 g/L DMEM was
added at the final concentration of 1.2 g/L (group of high
concertration, HC) or 0.6 g/L(group of middle concentration,
MC). The cells were exposed to cholesterol for 72h, then
prepared for the studies with TEM and lasers caning confocal
microscope (LSCM) respectively, the cells cultured without
cholesterol were used as the control.
TEM and LSCM observation of rabbit bile duct fibroblasts
The cells grown in culture bottles and treated with 0.6 g/L of
cholesterol were trypsinized, washed, fixed and then processed
for TEM observation with a JEM-2000EX transmission
electron microscope. The cells grown on cover slips and treated
with 0.6 g/L or 1.2 g/L of cholesterol were fixed with cold
acetone for 15 minutes (4 ), washed three times with PBS
and incubated for 30 minutes in normal caprine blood serum
to block antibody nonspecific binding site. Rat anti rabbit αactin antibody (1:50) diluted by BSA/NaN3/PBS was added
on the slips and the cells were incubated for 48 hours (4 ).
After the slips had been washed three times with PBS, FITC
tagged caprine anti rat IgG (1:30) was added on the slips and
the slips were incubated at room temperature for 3 hours. The
amortization glycerinin without fluorescence was used to seal
slips. The slips were observed by LSCM. The excitation wavelength was of 488 nm.The software was provided by Bio-Rad
Co. controled LSCM. The object glass for picture collection
was Planneofluar 40×object glass. 7 % light filter was used.
More than 200 cells in each group were scanned.
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Statistical analyses
The data came into Kinetics-Imaga Scan Analysis program
and were analyzed. Results were expressed as x±s. Student’s
test or an analysis of variance (ANOVA) was performed to
test the statistical significance as necessary, P<0.05 was
regarded as significant.
RESULTS
Character and Identification of cultured rabbit bile duct fibroblasts
Under phase-contrast microscope, cultured rabbit bile duct
fibroblasts showed shuttle-shaped or multiangular. Cytoplasm
was clear and nucleus was large and ellipse. Nucleolus was
obvious. Isolated bile duct fibroblasts were free of smooth
muscle cell contamination as determined by positive staining
with vimentin and negative staining with desmin by the means
of immunocytochemical ABC staining.
TEM observation of rabbit bile duct and cultured rabbit bile
duct fibroblasts
The normal bile duct fibroblasts were shuttle-shaped and there
were abundant rough endoplasmic reticulums (RER), but few
mitochondria and microfilament in cytoplasm. That was typical
phenotype of fibroblasts (Figure 1). Rough endoplasmic
reticulums (RER) was significantly reduced in the bile duct
fibroblasts of hypercholesterolemic rabbits, but a lot of
microfilament bundles or stress fibers appeared in cytoplasm,
especially under plasma membrane. Dense bodies were scattered
within these bundles. Macula densas and discontinuous
sarcolemma were found under splasma membrane. It suggested
that the bile duct fibroblasts of hypercholesterolemic rabbits
showed the phenotype of smooth muscle cell (Figure 2).

Figure 1 Bile duct fibroblasts of normal rabbit presented
shuttle-shaped with abundant rough endoplasmic reticulums
(RER), but few mitochondria and microfilament in cytoplasm.

Figure 2 The bile duct fibroblasts of hypercholesterolemic rabbits showed the phenotype of smooth muscle cell. Rough endoplasmic reticulums (RER) was significantly reduced, but a
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lot of microfilament bundles or stress fibers appeared in
cytoplasm. Dense bodies were scattered within these bundles.
Macula densas and discontinuous sarcolemma were found
under splasma membrane.

In vitro experiment the cultured bile duct fibroblasts also
had typical phenotype of fibroblasts (Figure 3). After stimulated
by middle concentration cholesterol (0.6 g/L) for 72 h, there
appeared lots of microfilament in cytoplasm,but without dense
body. macula densa and discontinuous sarcolemma ( Figure 4).

Figure 3 Cultured normal rabbit bile duct fibroblasts characterized typical phenotype of fibroblasts with abundant rough
endoplasmic reticulums (RER) and golgi bodies, but few mitochondria and microfilament.

Average fluorescence value

Figure 5 Effects of middle concentration cholesterol (0.6 g/L)
on the cultured bile duct fibroblasts. There were many regular
bundles of microfilament that were located along cytoplasmic
extension.
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Figure 6 Effects of cholesterol on the α-actin expression of
rabbit bile duct fibroblasts. Note aP<0.05, vs control and high
concentration group (1.2 g/L cholesterol).

Figure 4 After stimulated by middle concentration cholesterol
(0.6 g/L) for 72 h, the cultured bile duct fibroblasts showed
some phenotype of fibroblasts. and there appeared lots of microfilament in cytoplasm, but without dense body. macula
densa and discontinuous sarcolemma.

LSCM observation of cultured rabbit bile duct fibroblasts
Immunofluorescence display and LSCM were connected to
measure the change of nucleic acid and protein in cells. The
quantity of detected substance was expressed by average
fluorescence value. There were many regular bundles of
microfilament in fibroblasts treated with middle concentration
cholesterol (0.6 g/L). Microfilament bundles were located
along cytoplasmic extension (Figure 5). The expression of αactin was signifiantly increased. The average fluorescence
value of middle concentration group was 1 628±189 (P<0.01
vs control group). The quantity of microfilaments and the
expression of α-actin were greatly decreased in fibroblastes
of high concentration cholesterol group (1.2 g/L). The average
fluorescence value of high concentration group was 1427±153
(P<0.05 vs middle concentration group). There was a lower
expression of α-actin and few microfilaments in bile duct
fibroblasts of control group, the average fluorescence value
was1 224±138 (Figure 6).

DISCUSSION
Fibroblasts are derived from mesenchymal cell of embryo
period. During the evolution of wound healing, fibroblasts can
proliferate greatly by mitoses. At the same time fibroblasts
can also synthesize and excrete collagen fibers and matrix
components[19-21]. With the stimulation of trauma and other
agents, some mature fibroblasts can change into naive
fibroblasts and their function can be recovered. These
fibroblasts take part in the tissue damage plerosis. Hypoxia
can, mediated by pulmonary arterial endothelial cells (PAECs)
but not directly, induce phenotype modulation of human
embryonic lung fibroblasts, namely transforming to smooth
muscle cell-like cells. It suggestes that the transformation of
human embryonic lung fibroblasts is one of the reasons why
nonmuscle lung. arteriole becomes muscle arteriole[22] With
the effects of many agents, fibroblasts will proliferate,
accumulate or modulate phenotype. Fibroblasts can paracrine
and autocrine many cytokines (such as bFGF, KGF). The
cytokines can affect fibroblasts and other cells[23]. Friedenstein
A.Abdin M reported that fibroblasts can take part in heterotopic
ossification under some pathologic conditions. Silent
fibroblasts in the border of wood, adjusted by growth factors,
can differentiate to contraction phenotype and have the special
expression of α-SM actin. The cells are considered as
myofibroblasts. The myofibroblasts can cause contraction of
granulation tissue. It is thus clear that fibroblasts have
multidifferentiation potential and take part in many kinds of
physiological and pathologic responses. Fibroblasts have
important effects on the occurrence and development of diseases.
Biliary system is the unique passage of bile ejection. It can
modulate bile ejection and maintain normal pressure of biliary
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system[24-31]. The coordination of its anatomic structure and
function makes it not only prevent regurgitation of duodenal
fluid but also modulate and stabilize the pressure of bile
duct[32-38]. So the structural remodeling of biliary system and
the derangement of motor function coordination can become
one of basic reasons of biliary system diseases occurrence.
There are a great deal of fibroblasts in bile duct system[39]. At
present, it is still unknown what are the effects of cholesterol
on bile duct fibroblasts and whether cholesterol can change
the configuration of bile duct[40]. So we use hypercholesterolemia
rabbit model and cultured rabbit bile duct fibroblasts to observe
the effects of cholesterol on fibroblasts and the mechanism.
Our results show that there are a lot of microfilament bundles,
dense bodies, macula densa and discontinuous sarcolemma
appeared in the bile duct fibroblasts of hypercholesterolemia
rabbit. Bile duct fibroblasts present the phenotypic characters
of smooth muscle cell. Vitro experiment show that lots of
microfilament bundles are found in cultured bile duct fibroblasts
treated by middle concentration cholesterol (0.6 g/L) but dense
bodies and macula densa are not found. Laser confocal
microscopy displays that the expression of α-actin in cultured
bile duct fibroblasts treated by middle concentration cholesterol
(0.6 g/L) and many regular bundles of microfilament are
located along cytoplasmic extension.
Cholesterol is the major lipid structural component of
mammal plasma membrane. It has important effects on
maintaining plasmalemma normal behavior and function. It
has been proved that cholesterol could alter smooth muscle
membrane and cell function by changing the physical state of
the membrane phospholipid bilayer, and therefore affect the
function of integral membrane proteins, such as Ca2+[41] and
potassium channels, as well as transmembrane receptors[42].
Excessive cholesterol incorporation decreased membrane
fluidity and subsequently restricted optimal function of
membrane proteins, such as receptor binding of ligands, receptor
coupling with G proteins and activation of enzymes[43]. Wei et
al found the abnormalities in ultrastructure of SO in rabbits
with hypercholesterolemia. Therefore, hypercholesterolemia
might be one of causes of SOD. Meanwhile, the effect of
cholesterol on gallbladder contractility has been interpreted
by many authors, who found that the cholesterol incorporated
into membrane can impair the cellular signal transdution and
contractility as well. Thus, we think that cholesterol can affect
signal transduction and in the end change the gene expression.
In the 1950s caveolae were discovered. Now It has been
proposed that caveolae are important in signal transduction,
forming a platform on which different signaling components
can congregate. and caveolae have been linked to cholesterol
regulation: caveolin binds to cholesterol, its production is
controlled by cholesterol. Simons[44] found that caveolae are
important for inhibiting certain signaling pathways that regulate
cellular proliferation. Our experiment found that bile duct
fibroblasts treated by middle concentration cholesterol
presented the phenotypic characters of smooth muscle cell.
We suppose that the mechanism may be that cholesterol can
alter the biologic character of plasmalemma and affect signal
transduction, which induces the gene expression. Whether the
effects of cholesterol observed in this study were due to
cytotoxicity, other authors reported that high concentration of
cholesterol might have influence to cultured muscle cells. The
similar procedures had been done by many reseachers, and
the cholesterol was within the serum concentration range of
hypercholesterolemia rabbit model. So, the cytotoxicity of
cholesterol to cells in this study, if any, might be unconsiderable.
Epidemiological study shows that woman is the high-risk
group of calculus and multiple birth procreation women are
always accompanied with lipid metabolism disturbance. Du
Fan confirmed that hypercholesterolemic rabbit presented the
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functional disturbance of bile duct before the occurrence of
cholelithiasis. It suggested that cholesterol does affect the
function of bile duct. Fibroblasts have the potential of
multidifferentiation and they can differentiate or transform after
being activated. Fibroblasts can differentiate to myofibroblasts
or transform to smooth muscle cells because there are some
similarities of form and constitution between the two kinds of
cells and fibroblasts. Our experiment detected that cultured
rabbit bile duct fibroblasts treated with cholesterol presented
some characters of smooth muscle cell. In vivo experiment
shows that bile duct fibroblasts of hypercholesterolemic rabbits
present more characters of smooth muscle cell. Therefore we
can conclude that cholesterol does activate bile duct fibroblasts
and induce fibroblasts to transform into smooth muscle cell.
But the change is affected by multiple factors and is a multistage
procedure. Although cholesterol is an important factor, only
with the help of other factors, can it complete the procedure.
The certain mechanism has not been elucidated yet. We suspect
that the differentiation and transformation of bile duct
fibroblasts have an important effect on the configuration
remodeling of biliary system, which provides a pathway to
research the occurrence, development and treatment of biliary
system diseases.
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Abstract
AIM: To investigate the effect of famotidine on
gastroesophageal reflux (GER) and duodeno-gastroesophageal reflux(DGER) and to explore it’s possible
mechanisms. To identify the relevant factors of the reflux.
METHODS: Ninteen critically ill patients were consecutively
enrolled in the study. Dynamic 24 hours monitoring of GER
and DGER before and after administration of famotidine was
performed. The parameters of gastric residual volume,
multiple organ disorder syndrome (MODS) score, acute
physiology and chronic health evaluation II (APACHE II) score
and PEEP were recorded. Paired t test; Wilcoxon signed
ranks test and Univariate analysis with Spearman’s rank
correlation were applied to analyse the data.
RESULTS: Statistical significance of longest acid reflux,
reflux time of pH<4 and fraction time of acid reflux was
observed in ten critically ill patients before and after
administration.P value is 0.037, 0.005, 0.005 respectively.
Significance change of all bile reflux parameters was
observed before and after administration. P value is 0.007,
0.024, 0.005, 0.007, 0.005. GER has positive correlation
with APACHE II score and gastric residual volume with
correlation coefficient of 0.720, 0.932 respectively.
CONCLUSION: GER and DGER are much improved after
the administration of famotidine. GER is correlated with
APACHE II score and gastric residual volume.
Xin Y, Dai N, Zhao L, Wang JG, Si JM. The effect of famotidine on
gastroesophageal and duodeno-gastro-esophageal refluxes in
critically ill patients. World J Gastroenterol 2003; 9(2): 356-358
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INTRODUCTION
The incidence of GER and DGER is relatively high in critically
ill patients. It was reported that the incidence of DGER was
48 % and that of DGER 74 %. GER and DGER are important
causes of esophageal inflammation, ulcer, upper GI bleeding[1],
bronchospasm[2] and aspiration pneumonia[3]. In our study using
24 hours’ acid and bile reflux monitoring, the effect of
famotidine on GER and DGER was recorded and the
relationship between reflux, gastric residual volume, positive

end expiratory pressure (PEEP), APACHE II and MODS
scores were studied.

MATERIALS AND METHODS
General conditions
Clinical data: From June, 2001 to February, 2002 nineteen
critically ill patients were enrolled including ten males and
nine females with age ranging from thirty to seventy-five.
Among them there were eleven cerebral trauma patients, four
acute cerebrovascular accident, one intracranial neoplasm and
three respiratory failure with lung infection. Criteria for
enrollment were: fasting for at least 6 hours, on mechanical
ventilator support, no enteral nutrition through nasogastric tube
(NGT) before, and serum bilirubin level less than 2.0 mg/dl.
Exclusion criteria included active gastroenteral bleeding,
esophageal and fundic varices, mechanical ileus, previous
thoracic or abdominal radiotherapy, esophageal or gastric
surgery, cholecystectomy, previous GERD or gastroenteral
dynamic disorders, esophageal or upper small intestinal
Crohn’s disease. Also excluded were patients receiving
ci sa p r id e, e r y th r o m y ci n , a tr o p in e, t h e o p h y ll in e,
metoclopramide and acid suppressants within three days.
Drug and equipments
Famotidine (trade name of Xin Fa Ding, Shanghai Sine
pharmaceutical company.), pH monitor of dynamical
Digitrapper MK III and Bilitec 2000 all produced by Medtronic
Synectics Medical Company (Sweden).
Methods
The level of PEEP, the score of MODS and APACHE II
(Knaus, 1985) were recorded on the day of study. The electrode
of pH monitor was calibrated in buffers of pH 7.01 and 1.07.
The Bilitec 2000 probe was calibrated in calibrating fluid.
Then two probes were taped together and inserted into
patients’stomach through nostril. Gastroesophageal junction
was determined by pH gradient change. After exclusion of
torsion by chest X-ray film the probes were taped to the
patients’ faces. During the study all patients were kept supine
and received TPN nutritional support. All data was analysed
by specific software provided by Medtronic Synectics Medical
Company. Pathologic acid reflux was defined as the fraction
time of pH less than 4, greater than 4 %[4]. The pathologic bile
reflux was defined as the fraction time of light absorption value
more than 0.14, greater than 4 %[5]. MODS and APACHE II
score was reevaluated on the second day. Acid and bile reflux
monitoring were repeated after the administration of famotidine
of 40 mg.iv.q12 h. On the third day nasogastric tube was
inserted into the stomach and the gastric residual volume was
recorded during the famotidine administration.
Ventilation associated pneumonia (VAP) (refer to informal
guide for the diagnosis and treatment of nosocomial pneumonia
set by CMA, pulmonary division in 1999) was also observed.
Statistics analysis
All results were expressed as x±s (M).Data were analyzed by
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pair-matching t test, Wilcoxon signed rank test, Spearman’s
rank correlation.

Results of esophageal acid reflux
The parameters of acid reflux in ten patients were showed in
Table 1.The incidence of pathological acid reflux before
famotidine administration was 80 % (8/10) and 30 % (3/10)
after famotidine administration.There were significant
differences in longest reflux time,reflux time of pH less than 4
and fraction time of reflux.
Table 1 Acid reflux comparison before and after famotidine
administration
Before administration
81.60±110.57 (49.50)
13.90±13.08 (9.50)

39.50±59.44(22.00)
7.60±9.79 (6.00)

P value

9.30±10.20 (7.50)

0.037

146.80±293.46 (34.50)

27.10±45.68 (14.00)

0.005

0.44±0.55(0.18)

0.005

18.43±19.64 (11.43)

pH<4 reflux time
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Figure 1 The relationship between pH<4 reflux time and
APACHE II score before famotidien administration.
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Figure 2 The relationship between acid reflux fraction time and
gastric residual volume after famotidine administration.
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Results of esophageal bile reflux
The parameters of bile reflux in ten patients were shown in
Table 2. The incidence of pathological bile reflux before
administration was 60 % (6/10) and 20 % (2/10) after
famotidine administration. All the parameters were improved
after famotidine administration.
Table 2 Bile reflux comparison before and after famotidine
administration
Before administration
Reflux frequency
Frequency of
long reflux (>5 min)
Longest reflux
time (min)
Absorption>0.14
reflux time (min)
Absorption>0.14
fraction time (%)

600

0

0.059
0.052

34.80±64.12 (12.00)

800

0

After administration

P value

37.20±19.00 (34.50)
13.30±5.93 (13.50)

14.30±12.04 (11.50)
5.40±7.88(2.00)

0.007
0.024

111.20±142.42 (18.00)

17.90±30.63 (5.50)

0.005

308.00±413.02 (49.50)

32.60±49.40 (11.00)

0.007

26.00±27.33 (15.30)

0.64±10.39 (0.29)

0.005

Esophageal mixed reflux
The incidence of mixed reflux in ten critical ill patients was
50 % (5/10) before famotidine administration and was 20 %
(2/10) after famotidine administration. The total incidence of
mixed reflux in nineteen patients was 36.84 % after the
administration.
Correlation analysis
Before administration reflux time of pH<4 was positively
related to APACHE II score with Pearson correlation
coefficient of 0.72 (Figure 1). After administration fraction
time of acid reflux and APACHE II score were positively
related to gastric residual volume with Pearson correlation
coefficient of 0.932 and 0.467 respectively (Figure 2,3).

APACHE II score

Reflux frequency
Frequency of
long reflux (>5 min)
Longest reflux
time (min)
pH<4 reflux
time (min)
pH<4 fraction
time(%)

After administration

1 000

Acid reflux fraction time

RESULTS
Scoring
The ranges of PEEP, APACHE II and MODS were 5 mmHg
to 15 mmHg, 10 to 26 points and 8 to 18 points respectively in
nineteen critically ill patients. No significant differences were
found in PEEP, APACHE II and MODS in ten patients before
and after administration of famotidine.

1 200

25
20
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10
5
0
0

50

100

150
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250

300

Gastric residual volume

Figure 3 The relationship between APACHE II score and gastric residual volume.

Aspiration pneumonia and VAP
In our study no aspiration pneumonia and VAP were found.
DISCUSSION
The medical literatures reported that the incidence of GER
and DGER could be 78.1 %[6] and 48 %[7] respectively in critically
ill patients. Reasons for high reflux rate maybe due to the
following: (1) Basic illnesses: Medical literature reported that
acute or chronic cerebral injury could decrease lower esophageal
sphincter pressure[8] and delay the gastric emptying[9] when
accompanied with increased ICP. (2) Posture: Supine position
is a high risk factor for GER and DGER. The incidence of
GER increased from 12 % to 50 % when position was changed
from semirecumbent to supine[10]. (3) Mechanical ventilation:
During ventilation swallowing hyperreflexia, inhibition of
peristalsis and visceral hypoperfusion due to PEEP were
observed[11]. Similar study had not been reported in China.
Researches reported that reflux of duodenal juice in
gastroesophageal reflux disease was more common than pH
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studies alone would suggest[12] and the combined reflux of
gastric and duodenal juices caused severe esophageal mucosal
damage[13]. We combined pH monitor with Bilited 2000[14] to
detect acid and bile reflux simultaneously. The pH step-up for
electrode positioning was successfully carried out in nineteen
critically ill patients [15] . Our study showed before the
administration of famotidine the incidence of pathological GER
and DGER was 80 %, 60 % respectively which was in
accordance with the medical literatures.
After famotidine administration acid and bile reflux were
much improved. Famotidine is one of the most common drugs
used in ICU. Venous injection of famotidine 40 mg twice per
day would keep esophagus pH above 4 for twenty hours in
our study. Parkman [16] found increased antral phase III
migrating motor complexes (MMCs) after administration of
ranitidine, famotidine and omeprazole and especially in
famotidine. Bortolotti noted the same finding[17,18]. MMC III
had the role of “street sweeper” in GI tract. Because of its
powerful propulsion which can clean the duodenal contents
reflux to stomach in the end of MMC II, MMC may have an
anti-reflux role[19]. Before MMC III there is a short duration of
reversed peristalsis[20] when MMC III is evoked by bile and
pancreatic juice excretion and neutralization of acid in the
duodenum [21].MMC III could be inhibited by continuous
injection of acid in the duodenum.In conclusion famotidine
improved GER through increasing gastric pH and improved
DGER through increasing MMC III due to increased duodenal
pH. Decreased gastric residual volume after acid inhibition
may be one of the mechanisms.
In our study we also found that reflux time of pH<4 was
positively correlated to APACHE II score (Figure 1). This
suggests that GER and DGER occur more commonly when
critical illness occurs and normal defense mechanisms are
disturbed. It was reported that as part of scoring APACHE II
Glasgow score was closely related to delayed gastric
emptying[22], which was consistent with our findings (Figure 3).
We also found that gastric residual volume was positively related
to fraction time of acid reflux (Figure 2). This may explain why
famotidine may improve GER indirectly. Nasogastric tube, H2
blocker[23], sedatives[24,25], muscle relaxant[26] are known factors
for ventilation associated pneumonia. But in our study there
was no aspiration pneumonia or VAP. So famotidine may not
increase the incidence of pneumonia. Furthermore by
decreasing GER and DGER it may lessen the opportunity for
aspiration. There is a need for further study in larger groups of
patients to define more clearly this relationship.
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Abstract
AIM: To determine whether parenchymal cells or hepatic
cytochrome P450 protein was changed in chronic liver
diseases, and to compare the difference of CYP3A4 enzyme
and its gene expression between patients with hepatic
cirrhosis and obstructive jaundice, and to investigate the
pharmacologic significance behind this difference.
METHODS: Liver samples were obtained from patients
undergoing hepatic surgery with hepatic cirrhosis (n=6) and
obstructive jaundice (n=6) and hepatic angeioma (controls,
n=6). CYP3A4 activity and protein were determined by Nash
and western bloting using specific polychonal antibody,
respectively.Total hepatic RNA was extracted and
CYP3A4cDNA probe was prepared according the method
of random primer marking, and difference of cyp3a4
expression was compared among those patients by
Northern blotting.
RESULTS: Compared to control group, the CYP3A4 activity
and protein in liver tissue among patients with cirrhosis were
evidently reduced. (P<0.01) Northern blot showed the same
change in its mRNA levels. In contrast, the isoenzyme and
its gene expression were not changed among patients with
obstructive jaundice.
CONCLUSION: Hepatic levels of P450s and its CYP3A4
isoform activity were selectively changed in different chronic
liver diseases. CYP3A4 isoenzyme and its activity declined
among patients with hepatic cirrhosis as expression of cyp3a4
gene was significantly reduced. Liver’s ability to eliminate
many clinical therateutic drug substrates would decline
consequently, These findings may have practical implications
for the use of drugs in patients with cirrhosis and emphasize
the need to understand the metabolic fate of therapeutic
compounds. Elucidation of the reasons for these different
changes in hepatic CYP3A4 may provide insight into more
fundamental aspects and mechanisms of imparied liver
function.

Yang LQ, Li SJ, Cao YF, Man XB, Yu WF, Wang HY, Wu MC.
Different alterations of cytochrome P450 3A4 isoform and its
gene expression in livers of patients with chronic liver diseases.
World J Gastroenterol 2003; 9(2): 359-363

http://www.wjgnet.com/1007-9327/9/359.htm

INTRODUCTION
Hepatic cytochrome P450 enzymes constitute a superfamily
of hemoproteins which play a major role in the metabolism of
endogenous compounds and in the detoxification of xenobiotic
molecules, includeing anesthetics and carcinogens[1-3]. About
200 CYPs have been found in the past 20 years, and many factors
including age, gender, nutrition, hormone and general or local
pathologic reaction affect CYPs, and the biotransformation of
many clinical therapeutic drugs would be changed. P450 3A4
is one of the most important forms in human, mediating the
metabolism of about 70 % of therapeutic drugs and endogenous
compounds[4-6].
Although the mechanism and consequences of regulation
of P450s by drugs and chemicals have been intensively studied,
the mechanisms by which P450s are changed by hepatic
pathological factors still remained unclear[7-11]. Hepatic cirrhosis
and obstructive jaundice are most common chronic hepatobiliary
diseases among Chinese people, the change of CYPs with
cirrhosis and jaundice provided us fundamental knowledge
about the effect of pathological factors on P450s[12-15]. The aim
of this study is to determine the alterations of CYP3A4 enzyme
and its gene expression in patients with those chronic liver
diseases, and to investigate the pharmacologic and clinical
significance behind this alterations.
MATERIALS AND METHODS
Materials
pBS M13 CYP3A4 plasmid was kindly provided by Prof YingNian Yu (Zhe-jiang University, China). Rabbit anti-human
CYP3A4 polyclonal antibody was purchased from Chemicon
(San Diego, CA); HRP taged sheep anti-rabbit antibody was
purchased from PharMingen (Mannheim, Germany); glucose
6- phosphoric acid, erythromycin, Lowry’s phenol reagent,
glucose 6-phosphoric transferase, acetic ammonium, acetylacetone, and NADP were purchased from Sigma Chemical
(St. Louis, MO); and all other reagents used in this study were
of analytical grade.
Source of human liver tissues and patient characters
Human liver samples (30-50 g) were taken from patients
undergoing hepatic surgery. Patients had not receive
medication of CYPs activator and inhibitor (rifampicin,
dexamethasone, propofol, etc) before the surgery. None of the
patients were habitual consumers of alcohol or other drugs. A
total of 18 liver samples from 15 men and 3 women were used.
They were all cases admitted from 2000 to 2001 in Eastern
Hepatobiliary Surgery Hospital in Shanghai, China. Informed
content was obtained from all patients for subsequent use of
their specimen tissues. These specimens were immediately
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dissected into small pieces under aseptic condition within half
an hour, quickly frozen and preserved in liquid nitrogen before
subsequent procedure. Patients’ characters and liver function
are shown in Table 1.
Table 1 Clinicopathological characteristics of patients studied
and their Pugh class
Groups

Median
Age (yrs)

C (n=6)

42(21-56)

H (n=6)
O (n=6)

Gender
F/M

Smoking
(n)

Ethanol
(n)

Pugh Class
A,B,C

2/4

2

1

A(6)

38(28-61)

1/5

1

1

A(4),B(2)

44(27-65)

0/6

1

2

B(6)

C: controls; H: hepatic cirrhosis; O: obstructive jaundice.

Preparation of microsomes
Liver tissues were subsequently homogenized in ice-cold
0.1 mol/L Tris-HCl buffer containing 1.15 % KCl(pH7.4) and
to yield a liver homogenate tissue concentration of 0.33 g/ml.
Microsomal fractions were prepared by differential
ultracentrifugation. After tissue homogenization in 20 mM
Tris-HCl buffer, pH 7.4, containing 0.15 M KCl, the
microsomal fraction was isolated from the supernatant of a
20-min 9 000×g spin by ultracentrifugation. The microsomal
precipitate was suspended in 100 mM potassium phosphate
buffer, pH 7.4, and recentrifuged at 105 000×g for an additional
60 min. The final precipitate was suspended in 10 Mm TrisHCl buffer (pH 7.4) containing 10 mM EDTA and 20 %(v/v)
glycerol. Liver microsomal protein contents were determined
following the methods of Lowry et al[16], using bovine serum
albumin as standard.
Microsomes P450s and CYP3A4 activity assays
CO-bound total cytochrome P450 content was determined by
the method of Omura et al[17]. Spectra were recorded using a
Shimadzu UV-250 double-beam spectrophotometer. CYP3A4
specific activity was determined by N-demethylation of
erythromycin using the Nash method as previously described[18].
Immunoquantition of CYP3A4 isoform protein by western blot
analysis
Hepatic microsomal proteins were resolved by SDS-PAGE
with vertical mini-gel electrophoresis equipment. Samples of
liver microsomal protein (10 µg/lane) were denatured in 10 µl
loading buffer (4 ml distilled water, 1 ml 0.5M Tris-HCl, pH 6.8,
0.8 ml glycerol, 1.6 ml 10 % w/v SDS, 0.4 ml mercaptoethanol,
0.05 ml 0.05 % w/v Pyronin Y) and were separated on a 10 %
w/v resolving gel. Proteins were transferred from the
polyacrylamide gel to the nitrocellulose sheets by an
electrophoretic method, and probed with rabbit anti-human
CYP3A4 polyclonal antibody (not cross-reactive with other
rat P450s) according to supplied protocol. CYP3A4 protein
was detected by secondary conjugation to the primary antibody
by a HRP-linked sheep anti-rabbit second antibody using
diaminobenzidine as substrate.
Northern blot analysis CYP3A4 mRNA
Total RNA was isolated from frozen human liver tissues by
the acid guanidinium thiocyanate-phenol-chloroform one step
extraction method as previously described[19], 20 mg of RNA
was size-fractionated on a 1.0 % agarose gel containing 2.2
mol/L formaldehyde, and then transferred into nitrocellulose
membrane (BA85, Schleicher Schuell, Germany). The
membrane wes dried in a vacuum drying over at 80 for 2 h
and sealed in a plastic bag for use. CYP3A4 probe wes cut
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from pBS M13 CYP3A4 plasmid by Hand III. Hybridization
was performed in the presence of the appropriate 32P-labeled
probes. The membrane was washed twice at room temperture
in 2×SSC, 0.1 % SDS for 30 min, once at 65
in 1×SSC,
0.1 % SDS for 30 min and once at 65
in 0.1×SSC, 0.1 %
SDS for 30 min. Membranes was then exposed to X-ray films
(Fujifilms, Tokyo, Japan) at -70 for a week and analyzed by
Phosphor Image (FLA 2000, Fujifilm, Japan). The difference
of CYP3A4mRNA was compared among three groups.

Statistical analysis
Data was analyzed using the χ2 test. A P<0.05 was considerd
significant.
RESULTS
P450 and CYP3A4 activity changes in chronic liver diseases
As shown in Table 2, compared with controls, the hepatic
microsome protein and total P450 content remained unchange
in the patients with hepatic cirrhosis and obstructive jaundice,
but CYP3A4 activity in the liver tissue of patients with cirrhosis
liver was evidently reduced. This change was not seen in the
obstructive jaundice group.
Table 2 Microsomal protein, total P450 content and CYP3A4
content and its activity among three groups (x±s)
C
Microsome
10.32±3.98
protein (g/L)
P450 content
0.99±0.16
(nmol/mg protein)
CYP3A4 activity
3.01±0.74
(nmol/min/mg protien)

H

O

9.57±3.72

9.42±3.26

0.94±0.151

0.89±0.18

1.78±0.653 a

2.89±0.65

a
P<0.01 vs controls C: controls; H: hepatic cirrhosis; O: obstructive jaundice.

Change of CYP3A4 isoform protein
Hepatic CYP3A4 protein expression was shown in Figure 1
by western blot analysis. CYP3A4 protein in liver tissues
was also reduced in the patients with cirrhosis liver, but in
obstructive jaundice, there was no change of as compared
with controls.
C1

C2

C3

O1

O2

O3

H1

H2

H3
CYP3A4

C4

C5

C6

O4

O5

O6

H4

H5

H6
CYP3A4

Figure 1 Western Blot analysis of CYP3A4 isoform protein
among three groups, compared with controls (tagged by “C1-6”).
CYP3A4 protein content in liver tissues among patients with
cirrhosis (tagged by “H1-6”)reduced. but in obstructive jaundice (tagged by “O1-6”), There was no change of CYP3A4 protein expression.

Change of CYP3A4mRNA in chronic liver diseases
As shown in Figure 2, CYP3A4 probe was cut from pBS M13
CYP3A4 plasmid by Hand III, we got a 800 bp cDNA fragment
as expected.

Yang LQ et al. expression of cytochrome P450 3A4 isoform in chronic liver diseases

Northern blot analysis showed that CYP3A4 was expressed
well in human liver tissues, which agreed with other reports[20-23].
In patients with cirrhosis (shown in Figure 3), CYP3A4mRNA
reduced significantly as compared with controls, but no change
happened in the jaundice group.
1

2
10.0
3.0
2.0
1.5

800 bp

1.0
0.5

Figure 2 The results of substratum electrophoresis in pBS M13
CYP3A4 plasmid. Lane 1: pBS M13 CYP3A4 (Hind III), Lane 2:
Marker (1kb DNA ladder).

C C C O O O H H H

C C C H H H O O O
CYP3A4
mRNA
28 s
18 s
5s

Figure 3 Northern blot analysis mRNA expression of CYP3A4
isoform in liver tissues among three groups. Total RNA was
isolated without degradation and each bottom panel showed
an equal amount of total RNA loading as indicated in 28 s and
18 s rRNA. CYP3A4mRNA was expressed well in human liver
tissues, of patients with cirrhosis(tagged by “H”), CYP3
A4mRNA was reduced significantly compared with control
(tagged by “C”) ,but no decline happened in jaundice group
(tagged by “O”).

DISCUSSION
CYP3A appears to be one of the most important human
enzymes as approximately 60 % of oxidised drugs are
biotransformed. The isoforms of CYP3A in humans include
3A3, 3A4, 3A5 and 3A7, each of these enzymes shared at
least 85 % amino acid sequence homology[24]. CYP3A4 is the
predominant isoform of CYP3A in adult humans. It can
catalyse a remarkable number of metabolic processes including
aliphatic oxidation, aromatic hydroxylation, N-dealkylation,
O-demethylation, S-demethylation, oxidative deamination,
sulfoxide formation, N-oxidation and N-hydroxylation. This
usually produced inactivation and elimination of most
pharmaceuticals. A number of drugs from a broad range of
therapeutic categories are CYP3A4 substrates. The change of
CYP3A4 isform was the main reason for enhancement or
reduction of drug elimination[25-27].
In our studies, total P450 contents of 18 Chinese patients
were obviously lower than results those reported about
Caucasian. (1 pmol/mg vs 5-6 pmol/mg), and the activity of
CYP3A4 isoform was also lower[28-30]. Although CYP3A4 drug
metabolizing activity varied widely among individuals, it had
a unimodal population distribution and did not appear to be
subject to genetic polymorphism as seen with other CYP
isoforms (2D6, 2C9 and 2C19)[31-34]. The wide inter races
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variability was likely, in part, to be caused by ethnic or cultural
differences, which might be related to an interaction between
habit and diet. Therefore we could not draw any conclusion
about the normal distribution character of CYPs in Chinese
because of the limited sample number and experimental
conditions. More detailed and complete studies should be
performed for analysising the distribution of CYPs in Chinese
in the near future[35].
Most information on drug metabolism impairment at
pathologic status has been obtained in rodent in vivo or in vitro
models, and most of these studies have focused on the effects
of IFNs and the major inflammatory cytokines, namely, IL-6,
IL1 and TNFα[36-39], but relatively few studies have examined
the effect of liver disease on human CYP expression. Hepatic
cirrhosis and obstructive jaundice are most common chronic
hepatobiliary disease in Chinese, the change of CYPs with
cirrhosis and jaundice can provide us basic knowledge about
the effect of pathological factors on P450s. The present study
demonstrated that, in patients with cirrhosis, CYP3A4mediated erythromycin N-demethylation activity and 3A4
protein were significantly less than in controls, but the total
P450 content and hepatic microsome protein still remained
unchanged. These results suggest that family ingredients of
P450s have changed in the cirrhosis. That is, CYP family 1, 2
may enhance following with CYP3A reduced, since CYP1 and
CYP2 families play a major role in biotransformation of most
carcinogens, but few studies described whether high morbidity
of hepatic cancer in cirrhosis is correlated with these changes
of drug metabolic enzymes[40].
Although many factors including age, gender, nutrition,
hormone and general or local pathologic reaction affect drug
elimination, the enzymatic activity as well as content of P450s
is still a basic reason for change of drug metabolism, and the
biotransformation of many clinical therapeutic drugs either
enhanced or reduced[41-43]. This study is for the first time to
examine simultaneously in patients with liver diseases the
hepatic P450 protein level, isoform activity as well as its mRNA
expression. Significant correlations with CYP3A4 protein
level, isoform activity and mRNA expression were observed,
suggesting that with the decrease of CYP3A4 mRNA
expression, RNA encoded CYP3A4 isoform protein reduced,
which would cause the decrease of CYP3A4-mediated
erythromycin N-demethylation activity. Since CYP3A4 is the
predominant isoform of CYP3A in adult humans, the Change
of hepatic CYP3A4 activity will change the metabolism of
most clinical therapeutic drugs. Firstly, a large number of
intravenous anesthetic and sedative agents (including
diazepam, midozolam, fentanyl, lidocaine, etc.) are substrates
of CYP3A4 isoform, N-hydroxylation and N-dealkylation
reactions of anesthetics reduced in cirrhosis patiens will cause
drug raccumulation, oversedative and postoperative awake
delay [44,45]. Secondly, Amiodarone, quinidine, nifedipine,
berhomine and Cyclosporin were also eliminated through
CYP3A4, thus competitive inhibition should be noticed and
avoided especially when more than one drugs must be
administrated in patients with cirrhosis. These findings are in
agreement with pharmacokinetics studies that have shown
reduced clearance of midozolam when combined with fentanyl
in cirrhosis, but over-dosage condition of anti-irrhythmia drugs
had more clinical signifiance than that of other therapeutic
drugs[46,47]. Thirdly, as CYP3A4 also plays an important role
in the biotransformation and detoxification of many
endogenetic substrates, reduction of CYP3A4 activity may
result in inactivation disorder of endogenetic substance
including cholesterol, bile acid and sex steroids, thus causing
more extensive physiopathologic changes in patients with
cirrhosis, these changes, on contrary, will affect the drug
metabolic enzymes[48,49].
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In summary, the present study demonstrated that, hepatic
levels of individual P450s and its CYP3A4 isoform activity
can selectively change in different chronic liver diseases. The
hepatic microsome proteins and total P450 content remained
unchanged in patients with hepatic cirrhosis and obstructive
jaundice , but CYP3A4 activity and its protein level in liver
tissue among patients with cirrhosis were evidently lowered.
This change was not seen in obstructive jaundice group, and
the cause of this change may be the lowered expression of
CYP3A4 mRNA. These findings may have practical
implications for the use of drugs in patients with liver diseases
and emphasize the need to understand the metabolic fate of
therapeutic compounds[50,51]. Elucidation of the reasons for
these different changes in hepatic P450s may provide insight
into more fundamental aspects and mechanisms of impaired
liver function in patients with chronical liver diseases.
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Abstract
AIM: The purpose of this study was to investigate the effect
of laparoscopic surgery on liver function in humans and the
possible mechanisms behind such effect.
METHODS: Blood samples from 286 patients who
underwent laparoscopic cholecystectomy (LC) and 40
patients who underwent open cholecystectomy (OC) were
tested for liver function by measuring the level of serum
alanine aminotrasferase (ALT) and aspartate aminotrasferase
(AST) before and after the operations. The same tests were
also applied to 18 laparoscopic colorectal cancer resection
(LCR) patients and 23 open colorectal cancer resection (OCR)
patients to determine whether CO2 pneumoperitoneum could
alter the serum liver enzymes.
RESULTS: The level of serum ALT and AST increased
significantly during the first 48 hours post operations in both
LC and LCR patients. However, no significant change of the
serum liver enzymes was detected in both OC and OCR
patients. As a result, there was statistically significant
difference in change of both ALT and AST levels between
LC and OC patients and LCR and OCR patients, respectively.
By the 7th day post operation, the level of both enzymes
returned to normal values in LC, OC and OCR patients except
LCR patients whose enzymes remained at a higher level.
CONCLUSION: Transient elevation of hepatic transaminases
occurred after laparoscopic surgery. The major causative
factor seemed to be the CO2 pneumoperitoneum. In most
of the laparoscopic surgery patients, the transient elevation
of serum liver enzymes showed no apparent clinical
implications. However, if preoperative liver function was very
poor, laparoscopic surgery may not be the best choice for
the treatment of patients with certain abdominal diseases.
Tan M, Xu FF, Peng JS, Li DM, Chen LH, Lv BJ, Zhao ZX, Huang
C, Zheng CX. Changes in the level of serum liver enzymes after
laparoscopic surgery. World J Gastroenterol 2003; 9(2): 364-367
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INTRODUCTION
The introduction of laparoscopic surgery has profoundly

changed the way for the management of patients with both
gallbladder disease and common bile duct stone, and the
laparoscopic cholecystectomy (LC) has become the “gold
standard” in the treatment of benign gallbladder diseases such
as gallbladder stone and cholecystitis[1-4]. However, little
attention has been paid to effects on liver function by
laparoscopic surgery. We noticed in clinical practice that,
following laparoscopic surgery, the level of certain serum liver
enzymes rose markedly in most patients who had shown normal
preoperative liver function tests. This clinical observation raises
several questions. Are these changes of any clinical
significance? What is the mechanism responsible for these
changes? Do other laparoscopic operations cause the same
changes? To address these questions, we conducted a
prospective study to compare changes in serum liver enzymes
before and after operations between LC and open
cholecystectomy (OC) and laparoscopic colorectal cancer
resection (LCR) with open colorectal resection (OCR).

MATERIALS AND METHODS
A total of 286 patients (102 men and 184 women with mean
age of 48.6 years and range of 21-89 years) underwent elective
LC from February 2001 to April 2002. During the same period,
40 patients (18 men and 22 women with mean age of 51.2
years and range of 29-86 years) with symptomatic
cholelithiasis, gallbladder stone or gallbladder polypus
underwent OC and were included for the study. For
comparison, 18 LCR (10 men and 8 women with mean age of
62.8 years and range of 43-85 years) and 23 OCR patients (16
men and 7 women with mean age of 61.6 years and range of
39-76 years) were also selected for the study. The LCR cases
included 2 descending colon cancers, 7 sigmoid colon cancers
and 9 rectal cancers. The OCR patients included 4 ascending
colon cancers, 6 transverse colon cancers, 1 descending colon
cancers, 6 sigmoid colon cancers and 6 rectal cancers.
All patients selected for the study had normal values of
serum liver enzymes prior to the operations. The following
patients were excluded from the study: those who had
undergone endoscopic retrograde cholangiopancreatography
(ERCP) and endoscopic sphincterotomy (EST) within one
week before laparoscopic operation. The cases who developed
complications such as bile duct injury, obstruction, infection,
leakage and high fever by any reason were also excluded. All
colorectal cancer patients included for the study had no evidence
of cancer metastasis to liver by B-ultrasonic and CT scan.
Serum liver enzymes alanine amino transferase (ALT) and
aspartate aminotransferase (AST) were measured before
operations and 1, 2 and 7 days post operation to assess liver
function except for LC patients. The LC patients were randomly
divided into two groups before the operation, with group A of
143 LC patients tested for the liver function postoperatively
on days 1 and 7 and group B of 143 patients tested for the liver
function postoperatively on days 2 and 7. All LC and LCR
patients received operation by one surgeon. The OC operations
were performed by 3 surgeons from the same Division. The
OCR operations were performed by the same team of surgical
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staff. All patients received general anesthesia except OC
patients who received local anesthesia. The operations on LC
and LCR patients were performed with four-cannula technique.
During laparoscopic surgery, the intra-abdominal pressure
(IAP) was maintained at a range of 12-14 mmHg. Monopolar
diathermy was used in LC and OC patients to dissect the
gallbladder from the liver beds. Ultrasonic scissors and bipolar
diathermy were used in LCR to dissect the mesenteric vessels.
All data were expressed as the mean ± standard deviation.
Student t test was used to analyse the difference in level of serum
liver enzymes before and after LC, OC, LCR and OCR. The P
value less than 0.05 was considered to be statistically significant.

RESULTS
Postoperative liver failure or mortality did not occur in any of
the patients studied, and all the patients were hemodynamically
stable during the perioperative period.
The level of serum ALT and AST increased significantly
within 24-48 hours following operations in LC and LCR
patients compared with those in OC and OCR patients (Table
1). In details, the mean pre- and post operation serum levels of
ALT were respectively 23.3 U·L-1 and 38.8 U·L-1 in LC patients
of group A (P<0.05), 21.5 U·L-1 and 44.2U·L-1 in LC patients
of group B (P<0.01), and 22.6 U·L-1 and 45.7 U·L-1 in LCR
patients (P<0.01). In contrast, ALT only increased from a
preoperative mean of 21.8 U·L-1 to 28.2 U·L-1 in OC patients
(P>0.05) and from 22.2 U·L-1 to 30.6 U·L-1 in OCR patients
(P>0.05). The degree of change in ALT following the
operations was greater in LC patients than that in OC patients
(P<0.05, D1), P<0.01, D2), so was the change between LCR
and OCR patients (P <0.05, D1 and D7), P<0.01, D2).
Similar changes were observed in the mean value of serum
AST. The AST increased significantly after operation in LC
patients (from 28.4 to 41.5 U·L-1, P<0.05, D1) and 27.1 up to
48.7 U·L-1, P<0.01, D2) and LCR patients (from 27.3 to 40.7
U·L-1, P<0.05, D1) and to 45.5 U·L-1, P<0.01, D2). In OC and
OCR patients, however, the AST showed only a small degree
of increase (Table 1). The change of AST due to the operations
was also greater in LC patients than that in OC patients (P<0.05,
D1), P<0.01, D2), and so was the change between LCR and
OCR (P<0.05, D1 and D7), P<0.01, D2).
Seven days following the operations, both enzymes returned
to normal value in LC, OC and OCR patients except in LCR
patients whose enzymes, although lower than day 2 level,
remained higher (ALT 37.2 U·L-1, D7, P<0.05) and AST 38.6
U·L-1 (D7, P<0.05) (Table 1).
Table 1 Preoperative and postoperative level of serum liver
enzymes
n
ALT
LC(a)
LC(b)
OC
LCR
OCR
AST
LC(a)
LC(b)
OC
LCR
OCR

Preoperation

143
143
40
18
23

23.3±11.6
21.5±12.9
21.8±16.7
22.6±10.9
22.2±17.3

143
143
40
18
23

28.4±20.2
27.1±18.8
25.2±17.6
27.3±16.1
26.8±19.5

D1

D2

D7

44.2±14.5bc
27.3±18.3
45.7±17.2bd
30.6±15.5

25.1±14.3
26.3±11.7
24.2±11.1
37.2±18.1ac
27.1±11.2

48.7±20.8bd
32.6±21.1
45.5±22.2bc
32.9±24.6

29.1±18.7
29.6±15.4
27.9±16.6
38.6±20.3ac
28.5±18.6

38.8±15.2ac
28.2±13.7
39.3±13.4ac
29.6±11.8
41.5±24.7ac
31.8±22.1
40.7±27.3ac
30.2±25.1

n=cases, Preo-=Preoperative, aP<0.05, bP<0.01 vs Preo-; cP<0.05,
P<0.01 vs OC; cP<0.05, dP<0.01 vs OCR.
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In this study, we also tested other liver function indice such
as total bilirubin (TBIL), direct bilirubin (DBIL), alkaline
phosphatase (ALP), lactic dehydrogenase (LDH), total protein
(TP) and gamma glutamyl transferase (GGT) (data not shown).
In general, TBIL and DBIL showed a slight increase within
24-48 hours following operation in some patients, but the
changes were within normal range, and these values returned
to preoperative levels. Other liver function test indice did not
show significant alteration.

DISCUSSION
Changes in serum levels of liver enzymes in LC rather than
OC patients had been reported before[5-9]. In order to understand
whether or not CO2 pneumoperitoneum could cause these
changes, we tested the liver function of patients who received
LCR or OCR. Our present studies suggest that these transient
postoperative hypertransaminases in LC and LCR patients
might be attributed to the following possible factors.
The first factor of consideration was CO2 pneumoperitoneum.
Bo th LC an d L CR p atien ts wer e s u b ject t o CO 2
pneumoperitoneum during the operations and they showed
significant changes in serum liver enzymes after operation. In
contrast, both OC and OCR patients were under the operation
conditions similar to those of LC and LCR patients except that
they were not subject to CO2 pneumoperitoneum and they showed
no apparent change in the level of serum liver enzymes. This
finding is consistent with other studies that showed similar changes
in liver function clearance test after pneumoperitoneum[10-16].
Because an intra-abdominal pressure (IAP) of 12-14 mmHg
used in the present laparoscopic surgery was higher than the
normal portal blood pressure of 7-10 mmHg, this operation
might, therefore, reduce portal blood flow and cause alteration
in liver function[17-20]. On the other hand, the elevation and
depression of IAP in a short time during laparoscopic operation
might be causative as well. During laparoscopic procedure,
the sudden alteration of IAP could cause the undulation of
portal blood flow. This undulation and “re-irrigation” of organs
blood flow may give rise to “ischemia and re-irrigation”
damage of tissues and organs, especially the Kupffer and the
endothelial cells of the hepatic sinusoids[21]. The mesothelial
cells were bulging up and the intercellular clefts thereby
increased in size, and the underlying basal lamina became
visible[22]. During LC, an IAP of 8 mmHg was found to decrease
the hepatic microcirculation significantly[23,24]. Therefore, the
elevation of IAP caused by CO2 pneumoperitoneum may be
the main reason behind these changes.
A second possible mechanism for alterations of serum liver
enzymes after LC is the “squeeze” pressure effect on the liver.
The traction of the gallbladder may free these enzymes into
the blood stream. But in our study, 40 OC were performed
with a small wound within 6 cm. There should be the same or
more “squeeze” pressure effect on the liver in these patients,
yet the change of serum liver enzymes was different between
LC and OC patients. In addition, the same changes occurred
in LCR patients. This mechanism remains to be determined in
animal models.
The third possibility may be the local effect of prolonged
use of diathermy to the liver surface and spread of heat to liver
parenchyma. This hypothesis is supported by some other
studies[25-31]. However, similar type and intensity of diathermy
were used in both OC and LC patients and it remains to be
explained why the serum liver enzyme level increased in LCR
patients whose focus was far from liver. While the thermal
damage to liver by diathermy is generally recognized, there
are no references available in the literature that compared the
postoperative enzyme levels between cholecystectomies
performed with and without the use of diathermy in humans.
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In addition, transient liver dysfunction occurs in patients
after some general anesthesia [32-41]. This complication is
associated with anesthesia-induced changes in splanchnic
blood flow and oxygen consumption. However, the anesthesiainduced hepatic hypoperfusion may not be the cause of
elevation of transaminases after LC and LCR as the same
anesthesia protocols was used in our 23 OCR patients who did
not show marked postoperative change in serum liver enzymes.
It seems that the anesthesia could not acted exclusively to cause
these changes. Other studies have also shown similar liver
function test results in both LC and OC cases with general
anesthesia[42].
Another possible mechanism of alterations of serum liver
enzymes that had been considered was the inadvertent clipping
of the right branch of the hepatic artery or any other aberrant
arterial branch supplying blood to the liver. When Calot’s
triangle has dense or cicatricial adhesion, the related arterial
branch could be easily injured. This, however, should be
followed by a massive increase in liver enzymes and usually
has clinical implications[43-45]. Nevertheless, the LCR hardly
gave rise to any chance to injure the right branch of the hepatic
artery, yet the LCR patients showed marked elevation of ALT
and AST postoperatively. Therefore, arterial branch injury
could be ruled out in almost LC patients.
In summary, our present studies demonstrated that transient
elevation of hepatic transaminases could occur after
laparoscopic procedures. These changes might be attributed
to hepatocellular dysfunction secondary to one or combination
of CO2 pneumoperitoneum, diathermy, extruding liver, branch
of the hepatic artery injured and general anesthesia. Based on
our findings, the CO2 pneumoperitoneum might be one of the
main reasons for the change of serum liver enzymes. However,
the transient elevation of hepatic transaminases showed no
apparent clinical implication in most patients who received
laparoscopic surgery according to follow-up observations and
feedback from these patients. Nevertheless, these results
indicate that, if the patient’s preoperative liver function was
very poor, laparoscopic surgery might not be the optimal choice
for treating certain abdominal diseases[46].
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Abstract
AIM: To investigate the expression of E-cadherin and alphacatenin and beta-catenin in pancreatic carcinoma and its
relationship with the clinicopathologic characteristics, and
clarify the mechanism of invasion and metastasis of
pancreatic cancer.
METHODS: The expression of E-cadherin and alpha-, betacatenin was examined in 47 cases of infiltrative ductal
adenocarcinoma of pancreas and 12 adult normal pancreatic
tissues by immunohistochemical technique.
RESULTS: The immunoreactivity of E-cadherin and alpha-,
beta-catenin was expressed by normal ductal and acinar
cells with strong membranous staining at the intercellular
border in 12 cases of adult normal pancreatic tissues. Abnormal
expression of E-cadherin and alpha-, beta-catenin in 47
pancreatic carcinoma tissues was demonstrated in 53.2 %,
61.7 % and 68.1 %, respectively. Both abnormal expression
of E-cadherin and alpha-catenin significantly correlated with
differentiation, lymph node and liver metastases (P<0.05,
respectively), whereas aberrant beta-catenin expression only
correlated with lymph node and liver metastases (P<0.001).
Abnormal E-cadherin and alpha-, beta-catenin expression
was not associated with tumor size, invasion and survival
time of patients (P>0.05, all).
CONCLUSION: Pancreatic cancer likely occurs in case of
E-cadherin-catenin complex genes mutations or deletions
and abnormal expression of proteins, which significantly
correlate with the biologic character of the tumor and lymph
node and liver metastases. It is suggested that the abnormal
E-cadherin-catenin complex expression plays an important
role in the development and progression of tumor, and thus
may become a new marker in pancreatic cancer metastasis.
Li YJ, Ji XR. Relationship between expression of E-cadherincatenin complex and clinicopathologic characteristics of
pancreatic cancer. World J Gastroenterol 2003; 9(2): 368-372
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INTRODUCTION
Pancreatic cancer is a highly malignant tumor, and is the fifth
leading cause of death among the malignant diseases in Western
societies, and its incidence has been increasing year by year.
However, there is no valid diagnosis and treatment for this

disease. Only 15 % of patients can undergo resection, and the
overall 5-year survival rate is about 10 %. One reason why the
prognosis of pancreatic cancer is so poor is that many tumors
remain silent until a late stage in the disease, and at the time of
diagnosis 80-90 % of patients will have extensive invasion
and metastasis[1-5]. So studying the mechanism of invasion and
metastasis of pancreatic cancer is double valued. A recent study
demonstrated that the invasion and metastasis of tumors as a
continuous process, include three steps: a reduced cell-cell
adhesion, alterations in the interaction of the tumor cell with
the extracellular matrix, and invasion into surrounding tissues
including blood vessels and lymphduct; thus the first and
critical step is that the tumor cells detach from the primary
focus and re-adhere to metastatic position[6-8]. E-cadherin is a
transmembrane gloycoprotein which maintains normal
epithelial polarity and intercellular adhesion[9]. It is almost present
in all normal epithelial cell surface, and has been recognized as
an important suppression gene[10,11]. Catenins serve not only as
associated cytoplasmic proteins of E-cadherin, but also as
molecules of intracellular signal transduction[12-15]. They link Ecadherin to the intracellular peptide segment to form E-cadherincatenin complex, mediating homotypic cell-cell adhesion and
playing an essential role in the control of epithelial cell
architecture and differentiation[10,11,16]. The abnormal structure
and dysfunction of one or several molecules in E-cadherincatenin complex correlate with tumorigenesis, differentiation,
invasion, metastasis and prognosis[17-20]. We detected the
expression of E-cadherin and alpha-, beta-catenin in normal
pancreas and pancreatic cancer by immunohistochemical
technique, and investigated the action of abnormal expression
of E-cadherin and alpha-, beta-catenin on invasion and metastasis
of pancreatic cancer.

MATERIALS AND METHODS
Patients and specimens
Specimens of 47 pancreatic carcinoma collected between 1995
to 1999 were selected from the Department of Pathology,
Affiliated Hospital of Medical College, Qingdao University.
These included 29 male and 18 female patients with a mean
age of 56.7 years (range 27-75 years). No patient received
radiotherapy or chemotherapy before surgery. The tumor size
was assessed by CT scan: smaller than 3 cm in 9 patients,
3-5 cm in 15 patients and larger than 5 cm in 23. Histologically,
all cases were infiltrative ductal adenocarcinoma. According
to the Modified Kloppel Histological Grading System[21], there
were 10 in grade I (well differentiated), 16 in grade II
(moderately differentiated) and 21 in grade III (poorly
differentiated). Based on the tumor being resected successfully
or not, we divided 47 pancreatic carcinomas into two groups:
non-invasion (17 cases) and invasion (30 cases). There were 19
cases with local lymph node metastasis, 12 cases with liver
metastasis and 22 without metastasis. All patients were followed
for more than 1 year; 9 patients survived more than 12 months
and 38 patients died within 12 months. The 1-year survival rate
was 19.1 %. 12 normal adult pancreatic tissues were obtained
from healthy young men who died of traffic accident.
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Immunohistochemistry
All specimens were fixed in 100 mL·L-1 neutral buffered
formalin for 24-48 h, paraffin-embedded, and cut into 4 um
thick sections for immunohistochemical staining. PicTureTM
two-step method was used (Zmed, USA). Each step was
practised according to the manual. The primary antibodies were
E-cadherin monoclonal antibody (ready for use, Zmed, USA)
and alpha-, beta-catenin monoclonal antibodies (diluted 1:100,
Santa Cruz, USA), respectively. Before staining, the sections were
pretreated with microwave(4 min×4 at 900W) in 0.1 mol·L-1 citrate
buffer for antigen retrieval. DAB was used for chromogen.
PBS was substituted for primary antibodies as negative control.
Evaluation of immunohistochemical staining
The slides were reviewed by two independent observers who
had no knowledge of patients’ outcome. The positive stainings
of E-cadherin and alpha-, beta-catenin appeared in pale brown,
and located in the cell membrance. Staining grade standard
based on the method described by Jawhari et al[22]. 0 score: no
expression; 1 score: expression in cytoplasm; 2 score: decreased
expression; 3 score: expression at cell membrance, namely
normal expression. A score of 0 to 2 was abnormal expression.
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Figure 1 Immunohistochemical staining. A, B and C: The immunoreactivity of E-cadherin and alpha-, beta-catenin was expressed by normal ductal and acinar cells with strong membranous staining on the intercellular border in the same
specimen. ×100.

Statistical analysis
Statistical analysis was performed using the χ2 test or Fisher’s
exact test. P<0.05 was considered significant.
RESULTS
The expression of E-cadherin-catenin complex in normal
pancreas and pancreatic carcinoma tissues
The immunoreactivity of E-cadherin and alpha-, beta-catenin
was expressed by normal ductal and acinar cells with strong
membranous staining at the intercellular border in 12 cases of
adult normal pancreases (Figures 1). The rates of abnormal
expression of E-cadherin and alpha-,beta-catenin in 47 pancreatic
carcinoma tissue specimens were 53.2 % (25/47), 61.7 % (29/
47) and 68.1 % (32/47), respectively. The expression of Ecadherin-catenin complex in most cases was in cytoplasm, whereas
membranous staining reduced or disappeared (Figures 2).

A

B

A

C

B

Figure 2 Immunohistochemical staining. A, B and C: Ecadherin and alpha-,beta-catenin expression mainly were in
cytoplasm, whereas membranous staining reduced or disappeared in pancreatic cancer tissue. ×200.
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The relationship between abnormal expression of E-cadherincatenin complex and clinicopathologic characteristics of
pancreatic cancer
The abnormal expression of E-cadherin and alpha-, betacatenin was not associated with tumor size, invasion and
survival time of patients (P=0.12-0.926, P>0.05, all). The
significant difference of abnormal E-cadherin and alphacatenin expression was seen between histological grade I, II
and II (χ2=12.02, 7.74; P=0.002, 0.021; P<0.01, 0.05). The
tumors with lymph node (χ2=4.19, 4.45, 6.60; P=0.0406, 0.035,
0.0102; P<0.05) and liver metastases (P=0.0105, 0.0005,
0.0025; P<0.05, 0.01) showed a relatively higher frequency
of abnormal expression of E-cadherin and alpha-, beta-catenin
than those without metastasis (Table 1).
Table 1 The relationship between expression of E-cadherincatenin complex and clinicopathologic characteristics of pancreatic cancer
E-cadherin (%)
Parameter

α-catenin(%)

β-catenin(%)

n
Normal Abnormal Normal Abnormal Normal Abnormal

Mass size (cm)
<3

9

5(55.6)

4(44.4)

4(44.4)

5(55.6)

3(33.3)

6(66.7)

3-5

15

>5

7(46.7)

8(53.3)

5(33.3)

10(66.7)

4(26.7)

11(73.3)

23 10(43.5)

13(56.5)

9(39.1)

14(60.9)

8(34.8)

15(65.2)

1(10.0)

7(70.0)

3(30.0)

5(50.0)

5(50.0)

Histologic grade
I

10

9(90.0)

II

16

8(50.0)

8(50.0)

7(43.8)

9(56.2)

6(37.5)

10(62.5)

III

21

5(23.8)

16(76.2)

4(19.0)

17(81.0)

4(19.0)

17(81.0)

18(60.0)

9(30.0)

21(70.0)

8(26.7)

22(73.3)

Invasive state
Invasion

30 12(40.0)

No invasion 17 10(58.8)

7(41.2)

9(52.9)

8(47.1)

7(41.2)

10(58.8)

Metastases 19
Lymph node

6(31.6)

13(68.4)a

5(26.3)

14(73.7)a

3(15.8)

16(84.2)a

Liver

2(16.7)

10(83.3)a

0

12(100.0)b

0

12(100.0)b

8(36.4)

13(59.1)

9(40.9)

12(54.5)

10(45.5)

3(33.3)

5(55.6)

No

12

22 14(63.6)

Survival time
(month)
12
12

9

6(66.7)

38 16(42.1)

22(57.9) 13(34.2)

4(44.4)
25(65.8)

4(44.4)
11(28.9)

5(55.6)
27(71.1)

a

P<0.05, vs no metastasis; bP<0.01, vs no metastasis.

DISCUSSION
E-cadherin-catenin complex is a major mediator of maintaining
intercellular adhesion and epithelial integration[16,19], and its
down regulation may occur in several ways amongst which
are gene mutations or deletions, transcriptional or
posttranscriptional alterations, methylation of 5’CpG
dinucleotides within the promoter region of E-cadherin,
tyrosine phosphorylation of beta-catenin[14, 23-26]. The abnormal
structure and dysfunction of one or several molecules in Ecadherin-catenin complex correlate with the tumorigenesis,
differentiation, invasion, metastasis and prognosis[17-20]. Now
the E-cadherin-catenin complex has been regarded as a
suppressor of tumor invasion and metastasis, and its reduced
expression has been observed in diverse types of human cancer
and plays an important role in the process of tumor invasion
and metastasis[27-30]. Dai et al[31] found that the positive rates of
E-cadherin and alpha-catenin expression were 38.6 % and
28.6 % respectively and they were significantly reduced in
gastric cancer with more prominent malignant phenotype, such
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as tumor in stage III/IV with poor cell differentiation, invasion
through serosa, lymph node and liver metastases, and
peritoneal implantation of cancer cells. So they considered
that down regulation of E-cadherin and/or alpha-catenin
correlates with the degree of malignancy of gastric cancer
and that examination of E-cadherin and alpha-catenin
expression in gastric cancer helps evaluate the intensity of
lymph node metastasis, TNM staging and prognosis. Joo et
al[32] reported that the immunoreactivity of E-cadherin and
alpha-, beta-, and gamma-catenin was expressed by normal
gastric epithelial cells with strong membranous staining at the
intercellular border, and reduced expression of them occurred
in a considerable proportion of both early and advanced cancer
groups and correlated with the diffuse type of cancer with poor
differentiation, but it was not related with depth of invasion or
lymph node metastases.
Till now, there have been only a few articles about the
relationship between expression of E-cadherin-catenin
complex and biological behavior of pancreatic cancer, and the
results were not consistent. Karayiannakis et al[33,34] observed
that in non-cancerous pancreatic cells E-cadherin, alpha-, betaand gamma-catenin immunoreactivity was localized on the cell
membrane, particularly at the intercellular junctions, but in 43
pancreatic carcinomas abnormal E-cadherin, alpha-, beta- and
gamma-catenin expressions were found in 42 %, 37 %, 44 %
and 40 %, respectively; moreover, E-cadherin, alpha-catenin
and gamma-catenin expressions correlated with poor
differentiation, disease stage and with lymph node and distant
metastases, whereas aberrant beta-catenin expression only
correlated with the presence of lymph node metastases. Some
authors[35-37] also reported that loss of E-cadherin played a
causative role in peritoneal dissemination, invasion and
metastasis of pancreatic carcinoma, and altered expression of
adhesion molecules correlated with dedifferentiating change and
aggressive biological behavior of pancreatic cancer. But Gunji
et al[38] concluded that reduced E-cadherin and alpha-catenin
expression in primary pancreatic cancer had no significant
predictive value regarding the presence of liver metastasis.
In this study, we found that the immunoreactivity of Ecadherin and alpha-, beta-catenin was expressed by normal
ductal and acinar cells with strong membranous staining at the
intercellular border in 12 cases of adult normal pancreases,
but over 50 % pancreatic carcinomas showed abnormal
expression of E-cadherin (53.2 %) and alpha-, beta-catenin
(61.7 %, 68.1 %), and the three adhesion molecules in most
cases were present in cytoplasm, whereas membranous staining
was reduced or disappeared. The results pointed out that there
was significant difference in protein level of E-cadherin-catenin
complex expression between normal pancreas and pancreatic
carcinoma tissues, and E-cadherin and alpha-, beta-catenin
genes mutations or deletions likely were related with
tumorigenesis of pancreas. Our data also demonstrated that
both abnormal expression of E-cadherin and alpha-catenin
significantly correlated with differentiation, lymph node and
liver metastases (P<0.05, 0.01, respectively), whereas aberrant
beta-catenin expression only correlated with lymph node and
liver metastases (P<0.01), and all 12 cases with liver metastasis
showed abnormal expression of alpha-catenin and beta-catenin.
It can be inferred from our findings that the changes of Ecadherin-catenin complex genes happen in early pancreatic
carcinoma, and become more serious with the progression of
tumor. Moreover, because of the gene inactivation and
dysfunction of E-cadherin-catenin complex, carcinoma cells
are “set free” for invasion and metastases. Therefore, these
results suggest that abnormal change of E-cadherin and alpha-,
beta-catenin plays a conjoint role in the development and
progression of tumor, and combined examination of Ecadherin-catenin complex expression has very important
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clinical value for evaluating the dedifferentiation, lymph node
and liver metastases of pancreatic cancer.
Some authors reported[39-42] that the level of E-cadherincatenin complex expression could be regarded as a prognostic
marker of tumors. Karayiannakis et al[33] also regarded that all
three catenins and E-cadherin were associated with a poor
prognosis of pancreatic cancer, but only E-cadherin and alphacatenin were independent prognostic factors for cancer-specific
survival. However, in this study our data showed the expression
of E-cadherin and alpha-, beta-catenin had no significant
relationship with survival time of patients (P>0.05), and was
not associated with invasion and size of pancreatic cancer as
well (P>0.05, all). Perhaps this was related to the criteria of
invasion adopted in our research and different operative method
and different postoperative therapy. All these factors can bring
about influence on our results. A similar conclusion was
reported in non-small cell lung cancer by Pirinen et al[43].
In summary, our findings suggested that the change of Ecatenin complex genes and down regulation and abnormal
distribution of their encoding proteins happened in the early
phase of pancreatic carcinoma and finally the tumor completely
lost E-cadherin and alpha-, beta-catenin, resulting in a loss of
adhesive mechanism in maintaining intercellular attachment,
a dedifferentiated state and an increased metastatic ability. This
is a key link of metastatic mechanism of the late pancreatic cancer.
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Abstract
AIM: To evaluate the impact of time interval for hemofiltration
(HF) on the prognosis of severe acute pancreatitis (SAP).
METHODS: Thirty-six consecutive patients with severe acute
pancreatitis were included in the study. Atlanta classification
system was applied for stratification. They were randomly
divided into short veno-venous HF group, (SVVH, Group 1,
20 patients); and long veno-venous HF group (LVVH, Group
2, 16 patients). In group 1, SVVH was stopped when the
abdominal signs disappeared, and heart rate and breath
rate were less than 90 beats/min and 20 times/min,
respectively. HF was stopped if SVVH was continued, and
when heart rate and breath rate were more than 90 beats/
min and 20 times/min again (Group 2). Except that the time
interval for HF was different, other parameters for HF were
the same. And conservative curing rate, survival rate, cost
for hospital stay and length of hospital stay were observed.
RESULTS: Time interval for HF in Group 1 (3.81±1.3 hr)
was shorter than that of in Group 2 (9.38±2.9hr), P<0.01.
Conservative curing rate (90 %) in Group 1 was much higher
than that in Group 2 (56.3 %) (P<0.05); but cost in Group 1
(RMB 56 600±56 400 Yuan) was lower than that in Group 2
(RMB 137 000±105 000 Yuan) (P<0.05). And the survival rate
(95 %) in Group 1 was higher than that in Group 2 (81.3 %)
(P<0.25); however, hospital stay in Group 1 (44.3±41 days)
was shorter than that in Group 2 (55.2±39.5 days) (P<0.2).
So, the prognosis was not improved through the prolongation
of time interval for HF, but side-effects were seen.
CONCLUSION: The prognosis was not further improved
by LVVH in the treatment of SAP, with side-effects. Time
interval for HF plays an important role in treatment of SAP
in early stage. SVVH is thought to be superior to LVVH; and
LVVH is superior to CVVH in early (72hrs) treatment of SAP.
Mao EQ, Tang YQ, Zhang SD. Effects of time interval for
hemofiltration on the prognosis of severe acute pancreatitis.
World J Gastroenterol 2003; 9(2): 373-376
http://www.wjgnet.com/1007-9327/9/373.htm

INTRODUCTION
Up to date, strategies of treatments of severe acute pancreatitis
have been extensively developed, such as prolongation of
operation [1]; peritoneal lavage, blood purification [2], and

continuous arterial infusion of protease inhibitor[3], endothelin
receptor antagonist to reduce capillary leakage[4], and so on, in
addition to intensive care. But the mortality of SAP is still about
15-25 %[5]. So, how to further raise the survival rate is most
difficult. A large amount of cytokines[6] released from activated
macrophages and other sites[7] as well as cytokines cascades
play an important role in deteriorating the disease[8-11].
Clinical and experimental data suggest that hemofiltration
might be of benefit for amelioration of severe systemic
inflammatory response syndrome (SIRS) or multiple organ
dysfunction[12-16] and prevention of pancreatic necrosis[17,18]. Our
data[17] showed that pancreatic necrosis was prevented, and the
prognosis was ameliorated through short veno-venous
hemofiltration (SVVH). However, it is reported that better
efficacy was also obtained from continuous veno-venous
hemofiltration (CVVH)[2,19]. The aim of the present study is
therefore to investigate the time-effect of hemofiltration, by
prolonging the time interval for HF in order to observe its
impact on clinical efficacy.

MATERIALS AND METHODS
Patients and groups
Patients Thirty-six consecutive patients with SAP admitted
to Ruijin Hospital, Shanghai, China from April 1997 to May
2002, were included in the study. Prior to study, all patients
themselves or their relatives had been informed in detail, and
agreement was obtained. Atlanta classification system was
applied for stratification of patients with SAP[20]. Criteria for
the study were APACHEII score more than 8, with dysfunction
of one or more organs, within 72 hours after onset of the disease
and no indication for operation temporarily. There were 25
men and 11 women, aged from 18 - 82 years. Etiologies
included hyperlipidemia (26 cases) with significantly increased
triglyceride and billiary disease (10 cases).
Groups The patients were divided randomly into short venovenous hemofiltration group (Group 1, SVVH) and long venovenous hemofiltration group (Group 2, LVVH). In Group 1,
consisted of 20 patients, 16 men and 4 women; aged 52.4±14.2
years, including 14 with hyperlipidemia, 1 with hyperlipidemia
and alcoholic abuse, and 5 with biliary disease; In Group 2 was
made up of 16 patients, 12 men and 4 women, aged 45.1±9.2
years, including 11 patients with hyperlipidemia and 5 with biliary
disease; and the time interval for HF ranged from 5-20 hours.
APACHEII scores were 13.9±3.8 and 12.1±4.2 in the two
groups; and there was no difference (P>0.05) before
hemofiltration.
Methods
Hemofilters HF was performed using Diapact CRRT machine
from B.Braun Co, Germany. And filters used for HF were
polysulphone filters (Fresenius Medical Care, AV 600 S, with
the cutoff of molecular weight of 30 KD); and extracorporeal
lines were primed with one liter of haparinized saline (5 000
IU/L). Vascular access was obtained by two Gambro catheters
inserted into each femoral vein. Low molecular weight haparin
(Fragmin, 5 000/ampule) was administered at dose of 100140 IU/kg, and bolus injection was made before HF.
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Ultrafiltrate was replaced with substitute made according to
electrolyte and blood glucose. Pre-dilution mode was used.
Extracoporeal blood flow ranged from 250 to 360 ml/min.
Ultrafiltrating rate was controlled within 50-300 ml/h.

Indication for stopping HF
In group 1, SVVH was stopped when the abdominal signs
disappeared, and heart rate and breath rate were less than 90
beats/min and 20 times/min, respectively. HF was stopped if
SVVH was continued when heart rate as well as breath rate
were more than 90 beats/min and 20 times/min again (Group 2).
Follow-up
CT scanning was done every month; and intra-pancreatic as
well as extra-pancreatic changes were analyzed.
Prognostic indices
Conservative curing rate, hospital stay, cost and survival rate
were analyzed. The conservative cure referred to intra-pancreatic
and extra-pancreatic lesions absorbed entirely and /or formed
into pseudocyst without symptoms.
Statistical calculations
Data were reported as mean ± standard deviation, and analyzed
using Student’s t and or qi square.
RESULTS
Time interval
Time interval for HF was 3.81±1.3 hrs in Group 1 and 9.38±2.9
hrs in Group 2, P<0.05.
Comparison of parameters of SVVH and LVVH
There was no difference in age, beginning time for HF,
APACHEII scores before HF, substitute rate, blood flow and
ultrafiltrate rate between the two groups, (Table 1).
There was significant difference in the amount of purified
blood, ultrafiltrate, heparin, colloid, substitute and filters
between the two groups, P<0.05; and these indices were closely
related to the time interval, (Table 1).
Table 1 Parameters of hemofiltration in two groups
Indices
Number

Group 1 (

5 h)

20

Group 2 (5-20 h)

P values

16

Age (years)

52.4±14.2

45.1±9.2

>0.05

APACHE¢òbefore HF

13.9±3.8

12.1±4.2

>0.05

Beginning time (hr)

45.9±21.2

37.4±12.5

>0.05

Rate of substitute (ml/h)

2700±500

2880±300

>0.05

200~250

250~360

>0.05

342.5±251

240±72

>0.05

Blood flow (ml/min)
Rate of ultrafiltrate(ml/h)
Time interval (hr)

3.81±1.3

9.38±2.9

<0.01

Colloid volume (ml)

700±258.2

1500±852.9

<0.01

12000±6000

<0.01

9.5±3.2

35.1±16.5

<0.01

Ultrafiltrate Volume(ml)

1040±520

2400±700

<0.01

Filters

1.44±0.73

2.75±1.4

<0.05

The amount of haparin (IU)

Substitute volume(L)

7700±2341.1

Prognosis
Conservative curing rate was more significantly increased in
Group 1 than in Group 2, P<0.05; but cost was significantly
decreased, P<0.05, ( Table 2).
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Survival rate was significantly higher in Group 1 than in Group
2, P<0.25; but hospital stay was significantly shortened, P<0.2.
Table 2 Indices of prognosis of severe acute pancreatitis
Indices

Group1 ( 5 h)

Group 2 (5-20 h)

P values

Number
Conservative
curing rate (%)

20
90 %(18/20)

16
56.3 %(9/16)

<0.05

81.3 %(13/16)

<0.25

Survival rate (%)

95 %(19/20)

Cost ( 104 yuan)

5.66±5.64

13.7±10.5

<0.05

Hospital stay (d)

44.3±17.3

55.2±29.5

<0.2

DISCUSSION
Up to date, strategies have been used to target cytokines, such
as cytokine anti-body, purification and transient transfection
of human IL-10 gene. In term of neutralization of antibody,
for example, Hughes[8,9] reported that scores for pathology of
pancreas were significantly improved by TNFα blockade. But,
the method is only one antibody to one antigen to neutralize
cytokine, and it is far from combating with complicated cytokines
network. According to Grewal[21] and Kingsnorth[10], despite
amelioration of ascites production by TNFα blockade,
histologic evaluation scoring was not statistically different. And
IL-1r antagonist only modified the changes in vital organs
induced by SAP [22], it did not affect the degree of local
pancreatic insult. This method is controversial and has not been
reported in clinical trial till now. Denham[23] demonstrated that
transient transfection of a human IL-10 gene decreased the
severity of pancreatitis during acute inflammatory process. It
is only an animal experiment, that blood purification[14,18,24],
such as plasmapheresis, hemadsorption, hemofiltration, can
remove the mediators from circulation. Among them,
hemofiltration is used widely in clinics.
In 1991, Blinzler reported that CVVH can be used to treat
SAP at early stage[18], although no organ failure happened. This
is the earliest report of CVVH to blockade pancreatic necrosis.
In 1994, Gehbart[2] reported that CVVH was applied to 11
patients with most serious clinical course and multi-system
failure. The overall lethality rate of the treated patients was
7.9 %. In 1998, Schmidt[25] suggested that CVVH had been
proven to be of no efficacy. In 1999, Yekebas[19] performed
animal experiment to investigate the effects of CVVH on SAP,
showing that the survival time was significantly prolonged. In
2001, Pupelis[26] applied that hemodialysis, hemofiltration,
plasmapheresis, hemadsorption to SAP patients concomitant
with organ failure, and achieved a good result.
These investigations have shown that CVVH is of benefit
for treatment of SAP or multiple organ dysfunction secondary
to SAP. We performed SVVH within 72 hours after onset of
the disease, and obtained satisfactory clinical efficacy[17]. The
present study showed that survival rate in Group 1 was 95 %,
which was much higher than that of 92 % from the 11 patients
in Gehbart’s report[2]. Pupelis[26] reported a survival rate of 80 %
using CVVH and hemodialysis to treat SAP, which is the same
as that of non-hemofiltration[5]; and its conservative curing rate
(38.2 %,13/34) is much lower than ours (90 %,18/20), (χ2=13.8,
P=0.0 002). Miller[27] reported a survival rate of only 71.4 %
(5/7) using CVVH to treat SAP. It is much lower than ours
(95 %, 19/20), (χ2=2.917, P=0.088). In the present study, the
conservative curing rate, cost, hospital stay and survival rate
were improved in SVVH group as compared with LVVH
group. The conservative curing rate and cost were especially
improved significantly (P<0.05). Why is the efficacy decreased
in LVVH group or CVVH group?

Mao EQ et al. Hemofiltration and severe acute pancreatitis

In the early stage of SAP, pro-inflammatory and antiinflammatory cytokines are inter-related in a united entity under
pathological state. Any of them which is over-produced or lessproduced, will contribute to different pathophysiologic
response, such as systemic inflammatory response syndrome
(SIRS), compensatory anti-inflammatory response syndrome
(CARS), Mixed antagonist response syndrome (MARS)[28,29].
According to this assumption, pro-inflammatory and antiinflammatory cytokines should be in a dynamic balance state
through cytokines eliminated partly. The pro-inflammatory and
anti-inflammatory level was modulated through 4h-SVVH[17];
the former (TNF, IL-1, IL-8, IL-6 and sIL-2R) was decreased
and the latter (IL-2, IL-10) was increased. Monocyte cytokine
(TNF, IL-6, IL-8) production was increased in association with
systemic complications in acute pancreatitis[30]; and IL-10
prevented pancreatic necrosis[31,32] as well as death in lethal
necrotizing pancreatitis[33]. SIRS was doomed to be interrupted
and the severity of SAP was decreased significantly. This
demonstrates that dynamic balance of pro- and antiinflammatory cytokines is established at the pathological state.
When T and B lymphocytes and monocytes are activated,
membrane receptor of IL-2 would be expressed; and soluble
receptor of IL-2 (sIL-2R) is liberated into circulation [34]
Simultaneously. sIL-2R can combine with IL-2; and if it is
over produced, serum level of IL-2 will be decreased. It is
reported that IL-2 production was decreased in acute
pancreatitis[35]. And IL-2 is the major factor that activated T
and B lymphocytes and decreased infection rate[36]. Therefore,
over-produced sIL-2R may lead to decreased immune function.
In clinical trial [17], serum level of sIL-2R was decreased
significantly through SVVH, however, serum concentration
of IL-2 was increased, and the infection rate was decreased.
At the same time, the time of infection occurrence was
postponed, suggesting that immune function has been upregulated. CVVH may contribute to immune-paralysis due to
over-removed cytokines and inhibit the up-regulation of PMN
phagocytosis capacity after intra-abdominal sepsis[37]. Thus,
dynamic balance obtained between pro-inflammatory
cytokines and anti-inflammatory cytokines is imbalanced
again. So, there is no difficulty in understanding increased
infection and earlier operation in LVVH group.
During conservative treatment, two factors, immune function
of body and optimal application of antibiotics, are important
in the prevention of pancreatic infection. Ciprofloxacin and
Metronidazole were infused to 36 patients on admission. If
the body temperature was increased, carpenems plus
fluconazole would be infused empirically. Simultaneously,
body fluids were cultured. If the temperature was controlled,
antibiotics were not stopped until the enteral nutrition had been
fed for one week. On the contrary, antibiotics were changed
according to the cultures. Given temperature was still abnormal
through optimal antibiotics and strengthened immune function,
and infection in other sites was excluded, drainage of infected
necrotic pancreata should be performed. This demonstrated
that pancreatic infection had not been controlled by intensive
treatments from 48 to 72 hours.
In Group 1, pseudocysts were entirely absorbed from 2
months to 2 years in 15 patients, and 3 patients underwent
jejuno-pseudocyst Roux-en-Y anastomosis or gastropseudocyst
anastomosis. Seven patients underwent drainage within 20 to
30 days after onset of the disease in Group 2.
According to our clinical trial, once indices for cessation
of hemofiltration were reached, it should be stopped
immediately. Additionally, although indices for stopping HF
has not been reached with more than 8 h-HF, hemofiltration
should also be stopped as we seek other factors leading to the
change of heart rate and breath rate, because they may be
affected by other factors.
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On admission, patients should be strictly estimated that
whether he or she has the indication for SVVH. If he or she is
below 70 years old, time is within 72 hours after onset of the
disease and without billiary obstruction, it is wise to perform
SVVH. It did not reach the peak of the disease until the time
interval for abdominal pain was 72 hours. Within 72 hours,
cascades of cytokines were blockaded easily, and vicious cycle
was not formed between secondary chemokines released[38] and
cytokines. Thus, 72 hours should be emphasized heavily. And
the earlier the hemofiltration began, the better the result was.
Patients with ACST underwent operation, EST or nasobilliary
catheter inserted to drain bile. SVVH could still be performed
after these.
Although prognosis was improved through SVVH, it is only
a new method in synthetical treatment strategies for SAP. It
can not replace other measures. For example, Pixiao (a
traditional Chinese medicine) is applied continuously to the
whole abdomen after hemofiltration is stopped, and until it
has no effects.
In summary, SVVH is superior to LVVH, and LVVH is
better than CVVH in the treatment of SAP in early stage. Much
more significant side-effects occurred due to longer time
interval for HF.
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Abstract
AIM: To investigate the effects of inhibiting factor of cell
cycle regulation p57kip2, retinoblastinoma protein (Rb protein)
and proliferating cell nuclear antigen (PCNA) in the genesis
and progression of human pancreatic cancer.
METHODS: The expression of p57kip2, Rb protein and PCNA
in tumor tissues and adjacent tissues of 32 patients with
pancreatic cancer was detected with SP immunohistochemical
technique.
RESULTS: p57kip2 protein positive-expression rate in tumor
tissues of pancreatic cancer was 46.9 %, which was lower
than that in adjacent pancreatic tissues (75.0 %) (χ2=5.317,
P<0.05), p57 kip2 protein positive-expression correlated
significantly with tumor cell differentiation (well-differentiation
versus moderate or low-differentiation, P<0.05) but did not
correlate significantly with lymph node metastasis (lymph node
metastasis versus non-lymph node metastasis, P>0.05); Rb
gene protein positive-expression rate in tumor tissues was
50.0 %, which was also lower than that in adjacent pancreatic
tissues (78.1 %) (χ2=5.497, P<0.05); PCNA positiveexpression rate was 71.9 %, being higher than that in
adjacent pancreatic tissues (43.8 %) (χ2=5.189, P<0.05),
PCNA positive-expression also correlated significantly with
tumor cell differentiation and lymph node metastasis (welldifferentiation versus moderate or low- differentiation, lymph
node metastasis versus non-lymph node metastasis, P<0.05).
Rb protein positive-expression rate in the tumor tissues of
p57kip2 protein positive-expression group was 53.3 %; and
Rb protein positive-expression rate in the tumor tissues of
p57kip2 protein negative-expression group was 47.1 %. There
was no significant relationship between the two groups
(r=0.16507, P>0.05).
CONCLUSION: The decreased expression of p57kip2, Rb
protein or over-expression of PCNA protein might contribute
to the genesis or progression of pancreatic cancer, p57kip2,
Rb protein and PCNA may play an important role in genesis
and progression of pancreatic cancer.
Yue H, Na YL, Feng XL, Ma SR, Song FL, Yang B. Expression of
p57 kip2, Rb protein and PCNA and their relationships with
clinicopathology in human pancreatic cancer. World J
Gastroenterol 2003; 9(2): 377-380
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INTRODUCTION
The abnormality of mammalian cell cycle regulation is an
important cause of cell over-proliferation and oncogenesis[1].
Orderly progression of the cell cycle is controlled by a family
of cyclins and cyclin-dependent kinase (CDKs) which are
restrictively counterbalanced by CDK inhibitors(CDKIs)[2].
Two distinct families of CDKIs, the INK4 and CIP/KIP
families which regulate the the activity of the cyclin-CDK
complexes, have been described [3]. The CIP/KIP family,
including p21, p27 and p57 proteins, harbors homologous CDK
binding domains or fuction of cyclin-CDK complexes and
makes cell cycle to arrest in G1 phase. Retinoblastinoma protein
(Rb protein) is one of the tumor suppressor proteins and affects
the progression of G1 phase of cell cycle. The expression of
proliferating cell nuclear antigen (PCNA) is obviously
associated with cell proliferation. The relationships between
p57kip2 protein and pancreatic cancer has not been reported in
China. In this study, the expression of p57kip2, Rb and PCNA
protein in the tissues of pancreatic cancer were detected
with immunohistochemical technique to investigate the
effects of inhibiting proteins of cell cycle regulation p57kip2,
Rb protein and PCNA in the genesis and progression of
human pancreatic cancer.
MATERIALS AND METHODS
Patients and tumor samples
Thirty-two specimens of primary human pancreatic cancer
collected at pancreatic resection performed in the Hepatobiliary
Department of General Hospital of Shenyang Military Region
and the First Clinical College, China Medical University were
studied. Of the patients, 20 (62.5 %) were male and 12 (37.5 %)
were female. The mean age was 59.5 years (range, 26-72 years).
Nineteen (59.4 %) were well-differentiated pancreatic cancer,
thirteen (40.6 %) were moderate or low-differentiated
pancreatic cancer. Twelve (37.5 %) had lymph node metastasis.
All the patients were confirmed by clinicopathological
diagnosis. Tumor tissues and adjacent tissues were obtained
from the thirty-two specimens of primary human pancreatic
cancer and were fixed in 100 mL/L buffered formalin, processed
routinely and embedded in paraffin. In each case, all available
hematoxylin and eosin-stained sections were reviewed, and
representative blocks were chosen for further studies.
Immunohistochemical study
Four micrometer-thick sections from the formalin-fixed paraffinembedded tissues were placed on the poly-L-lysine-coated slide
for immunohistochemistry. The expression of p57kip2, Rb protein
and PCNA were assessed by SP immunohistochemical method
using an anti-human p57kip2 monoclonal antibody (57P06), antihuman Rb protein monoclonal antibody (1F8), anti-human
PCNA monoclonal antibody (PC10) and UltraSensitiveTM S-P
kit (kit-9720). The deparaffinized sections were boiled in the
EDTA buffer at high temprature and high pressure for antigen
overnight.
retrieval and incubated with each antibody at 4
Immunohistochemical staining for these proteins was then
performed according to the UltraSensitiveTM S-P kit manual.
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All the reagents were supplied by Maixin-Bio Co. Fuzhou,
China. The cells with brown-yellow granules in the nuclei or
cytoplasm were taken as positive cells. Five hundred cells on
each slide were counted. The slides were distinguished as
negative (-), positive (+), strong positive (++) and strongest
positive (+++) when the count of positive cells were less than
10 %, ranging from 10-25 %, ranged from 25-50 %, and more
than 50 % respectively for p57kip2 and Rb proteins, The slides
were distinguished as negative (-), and positive (+) when the
count of positive cells were less than 50 % and exceeded 50 %
for PCNA respectively.

Statistical analysis
The Chi-square test and Fisher exact test of SAS system
statistical software (Release 6.12) were adopted. P<0.05 was
considered as the significant level.
RESULTS
Expression of p57kip2 protein
p57kip2 protein was located in the nuclei or cytoplasm of normal
pancreatic cells and positive pancreatic cancer cells with brownyellow granules (Figure 1). p57kip2 protein positive-expression
rate in tumor tissues of pancreatic cancer was 46.9 %, which
was lower than that (75.0 %) in adjacent pancreatic tissues
(χ2=5.317, P<0.05, Table 1). p57kip2 protein positive-expression
rate in the moderate or low differentiated group was 23.1 %,
being lower than that (63.2 %) in the well differentiated group
(χ2=4.979, P<0.05, Table 1). p57kip2 protein positive-expression
rate in the lymph node metastasis group was 25.0 %, which
was lower than that (60.0 %) in the non-lymph node metastasis
group (P>0.05, Table 1).
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yellow granules (Figure 2). Rb protein positive-expression rate
in tumor tissues of pancreatic cancer was 50.0 %, which was
lower than that (78.1 %) in adjacent pancreatic tissues (χ2=5.497,
P<0.05, Table 2). Rb protein positive-expression rate in the
moderate or low differentiated group of pancreatic cancer was
46.2 %, being lower than that (52.6 %) in the well differentiation
(P>0.05, Table 2). Rb protein positive-expression rate in the
lymph node metastasis group was 33.3 %, which was lower
than that (60.0 %) in the non-lymph node metastasis group
(P>0.05, Table 2).
Table 2 Expression of Rb protein in pancreatic cancer tissues
Characteristics
Tumor tissues
Adjacent tissues
Well differentiated
Moderate or low-differentiated
Lymph node metastasis
Non- lymph node metastasis
a

Rb protein expression
-

+

++

16
7
9
7
8
8

10
12
4
6
3
7

2
8
2
0
1
1

+++

Rate(%)

4
5
4
0
0
4

50.0a
78.1a
52.6b
46.2b
33.3c
60.0c

P<0.05, bP>0.05, cP>0.05.

Figure 2 Expression of Rb protein in tumor tissue of pancreatic cancer. SP×400.

Figure 1 Expression of p57kip2 in tumor tissues of pancreatic
cancer. SP×400.
Table 1 Expression of p57kip2 protein in pancreatic cancer tissues
Characteristics
Tumor tissues
Adjacent tissues
Well-differentiated
Moderate or low-differentiated
Lymph node metastasis
Non- lymph node metastasis
a

p57kip2 protein expression
-

+

++

17
8
7
10
9
8

11
13
9
2
2
9

3
6
2
1
1
2

+++ Rate (%)
1
5
1
0
0
1

46.9a
75.0a
63.2b
23.1b
25.0c
60.0c

P<0.05, bP<0.05, cP>0.05.

Expression of Rb protein
Rb protein was located in the nuclei or cytoplasm of normal
pancreatic cells and positive pancreatic cancer cells with brown-

Figure 3 Expression of PCNA protein of tumor tissue in pancreatic cancer. SP×400.

Expression of PCNA protein
PCNA protein was located in the nuclei of normal pancreatic
cells and positive pancreatic cancer cells with brown-yellow
granules (Figure 3). PCNA protein positive-expression rate in
tumor tissues of pancreatic cancer was 71.9 %, which was higher
than that (43.8 %) in adjacent pancreatic tissues (χ2=5.189,
P<0.05, Table 3). PCNA protein positive-expression rate in the
moderate or low differentiated group of pancreatic cancer was

Yue H et al. p57kip2, Rb and PCNA in human pancreatic cancer

92.3 %, which was higher than that (57.9 %) in the well
differentiated group (χ 2=4.522, P<0.05, Table 3). PCNA
protein positive-expression rate in the lymph node metastasis
group of pancreatic cancer was 100.0 %, which was higher
than that(55.0 %) in the non-lymph node metastasis group
(χ2=7.513, P<0.05, Table 3).
Table 3 Expression of PCNA protein in pancreatic cancer tissues
PCNA protein expression

Characteristics
Tumor tissue
Adjacent tissue
Well-differentiation
Moderate or low-differentiation
Lymph node metastasis
Non- Lymph node metastasis
a

-

+

Rate (%)

9
18
8
1
0
9

23
14
11
12
12
11

71.9a
43.8a
57.9b
92.3b
100.0c
55.0c

P<0.05, bP<0.05, cP<0.05.

Relationships of expression between p57kip2 and Rb protein
Rb protein positive-expression rate in the tumor tissues of
p57kip2 protein positive-expression group was 53.3 %; and Rb
protein positive-expression rate in the tumor tissues of p57kip2
protein negative-expression group was 47.1 %. There was no
significant relationships between the two groups (r=0.16507,
P>0.05, Table 4).
Table 4 Relationships between p57kip2 and Rb protein in pancreatic cancer
p57kip2
+
++
+++

Rb -expression
-

+

++

+++

Rate(%)

9
6
1

6
3
1
0

0
1
0
0

2
1
1
1

47.1
53.3
0

DISCUSSION
The question on cell cycle regulation is a hot issue of oncological
research at present. The studies in recent years showed G1
phase regulation was a complex procedures which multiple
cell factors took part in and abnormality of cell cycle regulation
significantly correlated with the genesis and progression of
tumors[4-7]. p57kip2 gene was located in chromosome 11p15.5,
and p57kip2 protein was a cell cycle inhibitor with molecular
weight of 57kD which was included in the CIP/KIP family
and similar to p21, p27 protein in functions[8,9]. Lee et al[10]
suggested that the tumor suppressor mechanism of p57 kip2
protein may be integrated with cyclin-CDK complexes and
made cell cycle to arrest in the G1 phase. Kondon et al[11]
considered that paternal alleles of p57 kip2 were imprinted,
maternal alleles of p57kip2 were expressed in the normal status,
Loss of imprinting and imprinting mistakes of p57kip2 leaded
to decrease at level of gene expression in the tumors.
Matsumoto et al[12] reported that p57 kip2 protein positiveexpression rate was 43.3±3.2 % with immunohistochemical
technique in 92 patients with esophageal squamous cell
carcinoma. The author considered that this was the first
immunohistochemical study to characterize p57kip2 expression
in non-neoplastic esophageal epithelium and esophageal
squamous cell carcinoma in the year 2000. From then on, a
few of studies about p57 kip2 protein expression in human
colorectal carcinoma, epithelial ovarian tumor, hepatocellular
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carcinoma, neoplastic thyroid tissues, extrahepatic bile duct
carcinoma and intrahepatic cholangiocellular carcinoma have
been reported[13-20], but the relationship between p57kip2 protein
expression and pancreatic carcinoma was less reported[21]. In
this study, We found that p57kip2 protein positive-expression
rate in tumor tissues of pancreatic cancer was significantly
lower than that in adjacent tissues; the worse cancer cell
differentiated, the lower expression of p57kip2 in tumor tissue
was, and there was no correlation between the reduced
expression of p57kip2 and lymph node metastasis. The results
suggested that reduced expression of p57kip2 correlated with
genesis and malignant degree of pancreatic cancer. Rb gene
was the first isolated and detected tumor suppressor gene, and
was an important factor in regulating system of G1 phase as
well. Inactivity of Rb protein was associated with liver
carcinoma, small cell lung carcinoma, gastric cancer and
pancreatic cancer apart from retinoblastoma[22-25]. The results
in this study showed Rb protein positive-expression rate in
tumor tissues was significantly lower than that in adjacent
tissues, which suggested reduced expression or loss of p57kip2
protein correlated with genesis of pancreatic cancer. The lower
expression of p57kip2 protein decreased, the higher malignant
degree and lymph node metastasis increased, but there was no
significant difference between two groups possibly because
of the limited cases of pancreatic cancer. PCNA was δ-assistant
factor of DNA synthetase, took part in DNA biological synthesis
and regulated cell cycle and cell proliferation by tetramer with
cyclin, CDK and p21. Over-expression of PCNA was associated
with a variety of tumors of digestive system[26-35]. The results
in this study showed PCNA protein positive-expression rate
in tumor tissues was higher than that in adjacent tissues of
pancreatic cancer, PCNA protein positive-expression rate in
the moderate or low differentiated group was higher than that
in the well differentiated group. PCNA protein positiveexpression rate in the lymph node metastasis group was higher
than that in the non-lymph node metastasis group. these
suggested that over-expression of PCNA was associated with
the genesis and progression of pancreatic cancer, and malignant
proliferating status of pancreatic cancer determined by
expression of PCNA was of an practical value. our results
suggested that cell proliferative activity was high for the
negative or reduced expression of p57 kip2 and Rb protein,
furthermore, p57kip2, Rb protein played a suppressor role in
cell proliferation. There was no significant difference in Rb
protein positive-expression rate between p57 kip2 positiveexpression group and p57 kip2 negative-expression group,
suggesting there was no significant correlation in tumor
suppression between p57kip2 protein and Rb protein.
In summary, our findings in p57 kip2, Rb and PCNA
expression at the protein level suggested that loss of p57kip2,
Rb protein expression or over-expression of PCNA protein
may contribute to the genesis or progression of pancreatic
cancer, p57kip2, Rb and PCNA proteins might play a regulating
role in different pathways of cell cycle.
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Abstract
AIM: To investigate the possibility of urethral reconstruction
with a free colonic mucosa graft and to present our
preliminary experience with urethral substitution using a free
graft of colonic mucosa for treatment of 7 patients with
complex urethral stricture of a long segment.
METHODS: Ten female dogs underwent a procedure in
which the urethral mucosa was totally removed and
replaced with a free graft of colonic mucosa. A urodynamic
study was performed before the operation and sacrifice.
The dogs were sacrificed 8 to 16 weeks after the operation
for histological examination of urethra. Besides, 7 patients
with complex urethral stricture of a long segment were
treated by urethroplasty with the use of a colonic mucosal
graft. The cases had undergone an average of 3 previous
unsuccessful repairs. Urethral reconstruction with a free
graft of colonic mucosa ranged from 10 to 17 cm (mean
13.1 cm). Follow-up included urethrography, urethroscopy
and uroflowmetry.
RESULTS: Urethral stricture developed in 1 dog. The results
of urodynamic studies showed that the difference in the
maximum urethral pressure between the pre-operation and
pre-sacrifice in the remaining 9 dogs was not of significance
(P>0.05). Histological examination revealed that the colonic
free mucosa survived inside the urethral lumen of the 10
experimental dogs. Plicae surface and unilaminar cylindric
epithelium of the colonic mucosa was observed in dogs
sacrificed 8 weeks after the operation. The plicae surface
and unilaminar cylindric epithelium of the colonic mucosa
was not observed, and metaplastic transitional epithelium
covered a large proportion of the urethral mucosa in dogs
sacrificed 12 weeks after the operation. Clinically, the patients
were followed up for 3-18 months postoperatively (mean
8.5 months). Meatal stenosis was developed in 1 patient 3
months postoperatively and needed reoperation. The patient
was voiding very well with urinary peak flow 28.7 ml/s during
the follow-up of 9 months after reoperation. The other
patients were voiding well with urinary peak flow greater
than 15 ml/s. Urethrogram revealed a patent urethra with
an adequate lumen with no significant graft sacculation.
Neither necrosis of neourethral mucosa nor stenosis at the

anastomosis sites has been observed on urethroscopy in 4
patients over 6 months after operation.
CONCLUSION: Urethral mucosa can be replaced by colonic
mucosa without damaging the continence mechanism in
female dogs. Colonic mucosa graft urethral substitution is a
feasible procedure for the treatment of complex urethral
stricture of a long segment. The technique may be considered
when more conventional options have failed or are
contraindicated.
Xu YM, Qiao Y, Sa YL, Zhang J, Zhang HZ, Zhang XR, Wu DL,
Chen R. One-stage urethral reconstruction using colonic mucosa
graft: an experimental and clinical study.World J Gastroenterol
2003; 9(2): 381-384
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INTRODUCTION
In most instances, primary reconstruction for urethral strictures
can be accomplished with local penile or preputial skin and
buccal or bladder mucosa[1-11]. However, in patients with
complex, long-segment urethral strictures and significant scar
tissue formation after the failure of previous anterior
urethroplasty still present an operative challenge. The key is
to obtain a suitable substitute for urethral reconstruction.
From the viewpoint of postoperative quality of life,
neobladder construction is superior to urinary diversion in
patients who have to undergo cystectomy for bladder cancer.
However, in patients having cystectomy as definitive treatment
for bladder cancer, the overall risk of urethral recurrence of
transitional cell carcinoma is between 0.7 % and 18 %[16]. The
urethral recurrence of bladder cancer would be reduced, if the
urethral mucosa can be replaced by another mucosa without
damaging urethral sphincter function. We explored the
feasibility of urethral reconstruction with a free graft of colonic
mucosa for the treatment of complicated long segment
strictures or reducing urethral recurrence of bladder cancer in
patients who have to undergo cystectomy for bladder cancer
and neobladder construction. We investigated colonic mucosa
as a novel substitute for urethral reconstruction in 10 dogs
before performing the operation in 7 patients with severe
lengthy urethral stricture.
MATERIALS AND METHODS
Animal experimental study
Ten adult mongrel female dogs, weighing 14.5 Kg to 28 Kg,
were used for the experiment. Under intravenous pentobarbital
anesthesia, the dogs were first used for urodynamic studies
and then underwent a procedure in which urethral mucosa was
replaced with a free graft of colonic mucosa. With a partial
resection of the pubic symphysis, the urethra was incised
longitudinally at its full length on the ventral side and the
urethral mucosa was totally removed. The sigmoid colon was
exposed and 8-10 cm. in length colectomy was performed.
The digestive connection was immediately restored by an end-
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to-end anastomosis. A mucosa graft was harvested from the
resected colon. After tailoring the mucosa graft, excess
submucosal tissue, fat or muscle was carefully dissected away
to optimize subsequent vascularization. The free graft was
tubularized over a 14 Fr catheter with one layer of 5-zero
polyglactin running sutures. The proximal end of the graft was
sutured to the edge of the bladder neck mucosa and the distal
end to the external meatus with interrupted 5-zero polyglactin
suture. The urethral muscle layer was then closed with one
layer of 4-zero polyglactin interrupted sutures. The urethral
catheter was left indwelling to provide bladder drainage for 7
to 10 days after the operation. Ampicilling (2 gm. per day)
was given intravenously for 5 days after the operation.
Postoperatively, the urinary stream and external meatus
were observed periodically. To determine the influence of the
longitudinal urethral incision on urethral continence
mechanism, Urodynamic study was carried out again 8 to 16
weeks (8 weeks 2, 12 weeks 6 and 16 weeks 2) after the
operation. The data from the urodynamic study were statistically
analyzed by t test. After the urodynamic study, the dogs were
sacrificed for histological examination of the urethra.

Clinical study
Between September 2000 and April 2002, 7 men aged 18 to
58 years (median 39.5) with complex lengthy urethral stricture
underwent urethral reconstruction with a free colonic mucosa
graft. The etiology of the urethral stricture was trauma and
urethritis in 5 patients, perineal hypospadias in 2. All patients
had a history of extensive urethral stricture disease for 1.5 to 9
years (median age 3.5 years) and had undergone an average of
3 previous unsuccessful repairs (1-5 times) or repeated urethral
dilation. The urethral stricture was 10 to 17 cm long (median
13.1 cm). 5 patients underwent a procedure of suprapubic
cystostomy because of severe urethral stricture or atresia. 2
patient presented with strangury cause by severe urethral
stricture. Uroflowmetry examination showed the urinary peak
flow was 1 ml/s. Retrograde urethrogram demonstrated
multiple urethral strictures and pseudopath (Figure 1).

Figure 1 Retrograde urethrogram. Small arrows indicate stricture,
and big arrow indicates stricture and pseudopath.

Urethral reconstruction was performed with the patients
under general anesthesia. Strictured or atretic urethra and scar
tissue were excised and the penis was straightened. The urethra
defected 10 to 17 cm in length. 10 to 15 cm long sigmoid
colon with its blood pedicle was isolated from the intestinal
tract. The digestive connection was immediately restored by
an end-to-end anastomosis. A full thickness mucosal graft was
harvested from the isolated colon and the isolated colon was
resected afterward. After tailoring the mucosa graft, excess
submucosal tissue, fat or muscle was carefully dissected away
to optimize subsequent vascularization. An unstretched colonic
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mucosa, 10 to 17 cm in length and 2.5-3 cm in width, was
tubularized over an 18 to 22 F fenestrated silicone stent with
interrupted 5-zero polyglactin suture to create a neourethra
(Figure 2A). An end-to-end anastomosis was performed
between normal urethra and neourethra with interrupted 5-zero
polyglactin suture in 4 patients (Figure 2B). In the remaining
3 patients one end of neourethra was anastomosed with
proximal normal urethra and the other end of the neourethra
was through the glanular tunnel to form new meatus. The penis
was wrapped with soft, elastic, and roller bandage incorporating
the traction suture into the dressing. Strips of elastic adhesive
were placed over this to keep the penis in the erect position.
The bladder drainage was through the suprapubic catheter
and the urethral silicone stent was left indwelling for 14 days.
The patients underwent urethrography, urethroscopy and
uroflowmetry 3 months after operation.

RESULTS
Animal experimental study
Nine dogs were able to void normally after removal of the
catheter and the external meatus were dry whenever examined
before urination. Urodynamic studies showed that the maximum
urethral pressure ranged from 34-70 cmH2O (56.5±11.05,
mean±S.D.) before the operation and ranged from 43-82
cmH2O (51.75±13.36, mean ±S.D.) before sacrifice. There was
no significant difference in the maximum urethral pressure
between pre-operation and pre-sacrifice (t=1.22, P=0.26).
These findings indicated that the dogs were continent in the
usual state. The one remaining dog was not voiding well and
had a thin urinary stream. A urodynamic study was not done
in this dog postoperatively.
At sacrifice, the colonic mucosa-replaced urethra was
macroscopically normal in 9 dogs. No necrosis or erosion was
observed on the urethra epithelium in these dogs (Figure 3). In
the other 1 dog, a slightly distended bladder was observed; 3
stones, soybean in size, were found in the bladder and a urethral
stricture of 1 cm in length developed at the bladder neck.
Histological examination of the urethras showed that the
colonic mucosa graft survived inside the urethral lumen. Plicae
surface and unilaminar cylindric epithelium of the colonic
mucosa was observed in dogs sacrificed 8 weeks after the
operation (Figure 4). The plicae surface and unilaminar cylindric
epithelium of colonic mucosa was not observed in dogs sacrificed
at 12 weeks postoperatively. Metaplastic transitional epithelium
covered a large proportion of the urethral mucosa and some
degree of atrophy of the colonic crypts were seen in dogs
sacrificed at 12 weeks after the operation (Figure 5). In the dog
with the urethral stricture, the submucosal layer was thickened
with inflammatory cell infiltration at the site of the stricture.
Clinical study
The patients were followed up for 3-18 months postoperatively
(mean 8.5 months). Meatal stenosis was developed in 1 patient
3 months postoperatively and needed reoperation. 9 months
later the patient returned to the hospital and the new urethra
was found to be most satisfactory. Uroflowmetry examination
showed the urinary peak flow was 28.7 ml/s. Hyperplasia of
the verumontanum was observed during urethroscopy and
transurethral colliculectomy carried out in 1 patient over 14
months after operation. Uroflowmetry examination showed the
urinary peak flow was 46.5 ml/s postoperatively. The other
patients were voiding well with urinary peak flow greater than
15 ml/s (from 16 to 27.8 ml/s) (Figure 6A). Urethrogram revaled
a patent urethra with an adequate lumen with no significant graft
sacculation (Figure 6B). Neither necrosis of neourethral mucosa
nor stenosis at the anastomosis sites has been observed on
urethroscopy in 4 patients over 6 months after operation.

Xu YM et al. Colonic mucosa graft for urethral reconstruction

Figure 2A A tubularized free colonic mucosa over 22 F fenestrated silicone tube.
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Figure 5 Longitudinal section of urethra. Arrowhead indicates
urinary epithelium, arrows indicate atrophic glandular body
(Hematoxylin and eosin stain, ×100).

Figure 2B Reconstructive urethra with colonic mucosa.
Figure 6A Patient have good urinary streams.

Figure 3 Colonic mucosa-replaced urethra is macroscopically
difficult to distinguish from bladder mucosa.

Figure 6B Cystourethrography reveals patent neourethra.

Figure 4 Cross-section of urethra. Urethral wall is lined by the
glandular epithelium (Hematoxylin and eosin stain, ×100).

DISCUSSION
Up to now, a variety of tissues have been used for urethral
reconstruction, including full thickness skin graft, free bladder
or buccal mucosa and pedicled flaps[5-10,13-15]. In 1996, Iiziuka
et al[17] reported on the total replacement of urethra mucosa
with oral mucosa in a dog model, with the intention of reducing
the recurrence rate of urethral cancer in bladder cancer patients
requiring radical cystoprostatectomy. However, substituting
buccal mucosa in total urethral reconstruction is difficult in
humans, and it may not be useful for the treatment of
complicated long segment urethral strictures because of limited
material. The use of bladder mucosa may also be difficult in
cases with a previous bladder operation, chronic cystitis or
even long-term suprapubic cystostomy.
Recently, Bales et al[12]. reported a novel technique to
urethral reconstruction using tailored jejunal free tissue transfer
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to reconstruct the anterior urethra in 2 patients with complex
urethral stricture. The patients have good urinary streams and
are able to void in the standing position. However, the technique
is time-consuming and surgeon must have experienced with
microvascular anastomosis.
The appendix mucosa as a graft in urethroplasty was used
by Lexer in 1911 for the treatment of hypospadias[18]. The result
was difficult to interpret as no complete histological
examination or follow-up had originally been attempted. In
fact, the appendix may not be available consequent to a
previous appendectomy; it also may not be useful for the
treatment of complicated long length urethral strictures because
of inappropriate size and fibrous obstruction[19]. Lebret et al[18]
studied the histology of the colonic mucosa as a graft for
urethral construction in Spague-Dawley rats. They found that
the glandular epithelium of colonic mucosa had been
transformed into a typical urothelium 6 weeks to 3 months
after operation. In our study, although plicate surface and
unilaminar cylindric epithelium of colonic mucosa was
observed in dogs sacrificed 8 weeks after the operation (Figure
4), the plicate surface mucosa and unilaminar cylindric
epithelium were not observed in dogs sacrificed 12 weeks
postoperatively. Metaplastic transitional epithelium covered a
large proportion of the urethral mucosa and some degree of
atrophy of the colonic crypts were seen in those dogs (Figure
5). This is similar to results published by Lebret et al.
In these experiments, urethral stricture developed at the
anastomotic site between the colonic mucosa and bladder neck
mucosa in one dog. This may be related to a catheter dropping
early; urine leakage from the anastomotic site probably caused
an inflammatory reaction leading to stricture. Whether a
longitudinal incision of the urethra will damage sphincteric
function is worthy of consideration. To measure urine leakage,
a 10-minute pad test was performed once a month in the
investigation of Iiziuka et al[17]. There was no significant
difference in the weight increase of the pad among the control,
sham-operated and mucosa-replaced dogs. In our study, 9 dogs
were able to void normally after removal the catheter and the
external meatus was dry whenever examined before urination.
Data from urodynamic study showed no significant difference
in maximum urethral pressure pre-operation and pre-sacrifice
(P>0.05), indicate that a longitudinal incision of the urethra
does not damage sphincter function in female dogs.
Colonic mucosa graft urethral reconstruction is a one-stage
urethraplasty for the treatment of complex urethral lengthy
stricture. The key to a successful transplantation of the colonic
mucosa, as with any free graft, depends on whether the
neovascularization is established. The following conditions are
necessary for the success: (1) scar tissue was excised as long
as possible and the bed to receive the graft must be well
vascularized, (2) an ischemia time of the colonic mucosa should
be short as far as possible, (3) to avoid wound infection and
sterile urine should be ensured. The clinical results of our
patients are satisfactory. They have a functioning urethra of
good caliber throughout the entire length (Figure 6A,B).
Uroflowmetry examination showed the maximum flow rate
was greater than 15 ml/s. Being more invasive than the use of
other types of grafts, the technique may have limited
applications in the practice of urethroplasty. However, we
believe that colonic mucosa graft should be used in patients
with complex lengthy urethral stricture after the failure of
previous anterior urethroplasty and penial skin and /or bladder
mucosa are not available. The technique has opened up a new
way for the treatment of complex lengthy urethral stricture.
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In summary
Our study indicates that urethral mucosa can be replaced with
colonic mucosa and this technique can provide rich material
for urethroplasty. The colonic mucosa is easy to harvest; the
colonic mucosal graft is elastic and shows only a slight
tendency to retract. The technique is particularly useful for
the treatment of complicated long segment strictures (>10 cm
in length) or reducing urethral recurrence of bladder cancer in
patients who undergo cystectomy for bladder cancer and
neobladder construction.
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Abstract
Obstructive jaundice as the main clinical feature is uncommon
in patients with hepatocellular carcinoma (HCC). Only 1-12 %
of HCC patients manifest obstructive jaundice as the initial
complaint. Such cases are clinically classified as “icteric type
hepatoma”, or “cholestatic type of HCC”. Identification of
this group of patients is important, because surgical
treatment may be beneficial. HCC may involve the biliary
tract in several different ways: tumor thrombosis, hemobilia,
tumor compression, and diffuse tumor infiltration. Bile duct
thrombosis (BDT) is one of the main causes for obstructive
jaundice, and the previously reported incidence is 1.2-9 %.
BDT might be benign, malignant, or a combination of both.
Benign thrombi could be blood clots, pus, or sludge.
Malignant thrombi could be primary intrabiliary malignant
tumors, HCC with invasion to bile ducts, or metastatic cancer
with bile duct invasion. The common clinical features of this
type of HCC include: high level of serum AFP; history of
cholangitis with dilation of intrahepatic bile duct; aggravating
jaundice and rapidly developing into liver dysfunction. It is
usually difficult to make diagnosis before operation, because
of the low incidence rate, ignorant of this disease, and the
difficulty for the imaging diagnosis to find the BDT
preoperatively. Despite recent remarkable improvements in
the imaging tools for diagnosis of HCC, such cases are still
i ncorre ctly d iag no se d as cho lan gi ocarci no ma o r
choledocholithiases. Ultrasonography (US) and CT are helpful
in showing hepatic tumors and dilated intrahepatic and /or
extrahepatic ducts containing dense material corresponding
to tumor debris. Direct cholangiography including
percutaneous transhepatic cholangiography (PTC) and
endoscopic retrograde cholangiopancreatography (ERCP)
remains the standard procedure to delineate the presence
and level of biliary obstruction. Magnetic resonance
cholangiopancreatography (MRCP) is superior to ERCP in
interpreting the cause and depicting the anatomical extent
of the perihilar obstructive jaundice, and is particularly
distinctive in cases associated with tight biliary stenosis and
along segmental biliary stricture. Choledochoscopy and bile
duct brushing cytology could be alternative useful techniques
in the differentiating obstructions due to intraluminal mass,
infiltrating ductal lesions or extrinsic mass compression
applicable before and after duct exploration. Jaundice is not
necessarily a contraindication for surgery. Most patients will
have satisfactory palliation and occasional cure if appropriate
procedures are selected and carried out safely, which can
result in long-term resolution of symptoms and occasional
long-term survival. However, the prognosis of icteric type

HCC is generally dismal, but is better than those HCC patients
who have jaundice caused by hepatic insufficiency.
Qin LX, Tang ZY. Hepatocellular carcinoma with obstructive
jaundice: diagnosis, treatment and prognosis. World J
Gastroenterol 2003; 9(3): 385-391
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INTRODUCTION
Jaundice presents in 19 % to 40 % of patients with
hepatocellular carcinoma (HCC) at the time of diagnosis and
usually occurs in later stages. In most situations, it is due to
diffuse tumor infiltration of liver parenchyma, hilar invasion,
or progressive terminal liver failure (advanced underlying
cirrhosis)[1]. Obstructive jaundice as the main presenting clinical
feature is uncommon. Only 1-12 % of HCC patients manifest
obstructive jaundice as the initial complaint[2]. Identification
of this group of patients is clinically important, because surgical
treatment may be beneficial.
Mallory et al. described the first such case in 1947, in which
HCC invaded the cystic duct and gave rise to obstructive
jaundice caused by hemobilia from the tumor thrombi[3].
Thereafter, there have been few and scattered reports of such
presentations of HCC in English literatures[4-11]. In 1975, Lin
et al. clinically classified such cases as “icteric type hepatoma”,
which manifested as obstructive jaundice in the early stage
before the tumor became discernible or palpable[12]. Okuda
classified these patients as “cholestatic type of HCC”[13].
Thrombus in bile duct (BDT) is one of the main reasons of
obstructive jaundice. The incidence was 1.2-9 % in previous
report[4,12-15]. Huang et al. collected the cases from the newly
diagnosed HCC patients of the admission registration database,
and found the incidence of this type HCC was only 0.53 %[16].
Variation in the biological behavior of HCC may partly account
for the difference in incidence. It is reported that the incidence
is increasing in patients with HCC, and transcatheter arterial
chemoembolization (TACE) therapy could increase the
possibility of common bile duct obstruction of tumor thrombi[17].
PATHOLOGICAL FEATURES
HCC may involve the biliary tract in several different ways:
tumor thrombi, hemoblia, tumor compression, and diffuse
tumor infiltration. Infrequently, jaundice may also result from
the external compression on the major bile ducts by direct
tumor encasement or by the metastatic lymphoadenopathy at
the porta hepatis[18,19].
BDT might be benign, malignant, or a combination of both.
Benign thrombi could be blood clots, pus, or sludge. Malignant
thrombi could be primary intrabiliary malignant tumors, HCC
with invasion to bile ducts, or metastatic cancer with bile duct
invasion. HCC invasion into bile duct may be due to one of
the three mechanisms: (1) a distal tumor may grow
continuously until it fills the entire extrahepatic biliary system;
(2) a fragment of necrotic tumor may separate from the
proximal intraductal growth, migrate to the distal common bile
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duct and cause an obstruction; (3) hemorrhage from the tumor
may partially or completely fill the biliary tract with tumorcontaining blood clots[4, 14-16, 20, 21]. In this type of HCC, blood
clots are inevitably mixed with fresh tumor debris. However,
Shimoji et al. reported one case suspected recurrent HCC
during the choledochotomy after left hepatectomy for HCC,
no HCC was detected by either macroscopic or intra-operative
ultrasonographic examination. The course of hemobilia thus
remained unclear until the autopsy was performed.
Hemorrhage from a ruptured branch of the portal vein into the
intrahepatic bile duct, filling the entire common bile duct with
solid casts of blood, is uncommon. The hemorrhage into
intrahepatic bile duct may be secondary to a portal vein rupture
from: (1) a rupture of the engorged or variceal proximal portal
vein leading directly into the intrahepatic duct; (2) necrosis of
a cirrhotic liver nodule adjacent to both the intrahepatic bile
duct and the vein; or (3) either cholangitis or an abscess in the
proximal intrahepatic bile duct. Despite the remarkable recent
improvements in various diagnostic modalities, hemobilia is
still often incorrectly diagnosed as biliary tract carcinoma or
stones. The etiologic diagnosis of jaundice in patients with
cirrhosis, either with or without HCC, is thus of great clinical
importance[22].
Fragments of tumor in the bile duct, as described by
Edmondson and Steiner, are usually fragile, fleshy, and grayishwhite, having the appearance of chicken fat[23]. BDT often
grows faster than the primary cancer. The parenchymal tumor
could be not continuous with the extrahepatic bile duct tumor.
The bile duct tumor might attach to the mucosa of the bile
duct with a thin stalk, without invasive growth into the
submucosa[24]. Most of the primary tumors are pathologically
confirmed as HCC, however, the growth of mixed type of liver
cancer (HCC and cholangiocarcinoma) into the common bile duct
(CBD) has also been found, which may differ from the underlying
mechanism of the development of icteric type HCC[25].
In most cases, hepatic tumors can not be palpated from the
liver surface because they are deep-seated and small, or because
the liver is cirrhotic[12, 18, 21, 26]. Intraductal HCC growth is mostly
caused by direct invasion from the primary lesion and
occasionally from an adjacent massive tumor thrombus in the
portal vein [27]. Icteric type HCC may occur even with no
primary detectable lesion[21, 28]. Most primary lesions of icteric
type HCC patients are grossly infiltrative type or mixed
infiltrative and nodular type. Usually, no tumor capsule
formation could be found in the primary tumors. The infiltrative
nature of this particular type of HCC may in part explain their
invasion of the biliary tree and portal veins early in their growth
without regard to tumor size or type[19, 29].

CLINICAL MANIFESTATION AND DIAGNOSIS
Clinical features
The common clinical features of this type of HCC include:
high lever of serum AFP; the history of cholangitis with dilation
of intrahepatic bile duct; aggravating jaundice and rapidly
developing into liver dysfunction. It is usually difficult to make
diagnosis before operation, because of the low incidence rate,
ignorant of this disease, and the difficulty for the imaging
diagnosis to find the BDT preoperatively.
Just as other types of HCC, no specific symptoms could be
found in the early stage. Only when intraductal tumor growth
occurs in the common hepatic duct and/or the common bile
duct does obstructive jaundice become a clinical concern.
Hemobilia due to intraductal tumor growth is occasionally
observed.
Besides jaundice, right upper quadrant pain is one of the
major presenting features. In cirrhotic patients, unexplained
hemobilia could be the initial complaint without any
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manifestation of primary tumor, which can reveal a small,
potentially curable, HCC that has spread to the biliary tree[30].
Sometimes, this kind of patient is manifested as acute
pancreatitis[31].
The serum total bilirubin level can rise very rapidly and
correlates well with ALP and GGT levels[16, 32]. It is important
to evaluate carefully when dealing with patients with
intrabiliary tumor thrombi, even though they may show
negative for viral hepatitis infection.
There are still difficulties and challenging problems in
differential diagnosis of this type of HCC. The presence of an
elevated AFP level and positive HBV markers are helpful to
establish the diagnosis. The absence of these findings,
especially with no primary hepatic tumor being detected, a
variety of other diagnoses will be entertained. Despite
remarkable recent improvements in the imaging tools for
diagnosis of HCC, such cases were still incorrectly diagnosed
as cholangiocarcinoma or choledocholithiases[4,14-16,21,33,34].
Ultrasonography (US) and CT are helpful in showing hepatic
tumors and dilated intrahepatic and /or extrahepatic ducts
containing dense material corresponding to tumor debris.

Ultrasonography (US)
Abdominal US is valuable as an initial investigation and for
differentiation of patients with these presentations. Using US,
it is able to suspect patients with icteric type HCC, even before
other diagnostic strategies. Dilatation of proximal biliary tracts
developed inevitably with time. Distension of the gallbladder
was occasionally seen if the thrombus was located below the
common hepatic duct (CHD). Tumor thrombi of bile duct could
be easily identified on US as low-, iso-, or high-echogenic
masses. At times, vascular signals could be detected on a Color
Doppler sonography (CDS). Regarding biliary tract tumor
thrombi, icteric type HCC should be strongly suspected
whenever liver tumors exist. Moreover, pathological proof of
thrombi can be obtained with an US-guided approach.
CDS is a non-invasive method in liver hemodynamic
studies. Because HCC is known to be a hypervascular tumor,
CDS is useful in detection of blood flow in HCC and helpful
in differentiating it from other liver tumors. For the detection
of tumor vascularity, spectral Doppler sonography guided by
CDS is shown to be useful in the differential diagnosis of liver
tumors. It is also useful in detection of blood flow within portal
vein thrombosis in liver cirrhosis. It is a useful method for
differentiating malignant from benign portal vein thrombi in
liver cirrhosis, with 45-90 % sensitivity and 95-100 %
specificity[35]. Wang et al. found blood flow in bile duct tumor
thrombi in 7 of 8 patients (87.5 %) with HCC and bile duct
infiltration. Power Doppler sonography, a technique based on
the integrated power of the Doppler spectrum, is more sensitive
than CDS in depicting vascular flow in HCC. Its utility in
detection of vascularity of bile duct tumor thrombi in patients
with HCC might be more sensitive than that of CDS[36].
Endoscopic sonography could show a tumor thrombus with
central echogenicity and a “nodule-in-nodule” pattern, could
provide more accurate evidence for the correct diagnosis[37].
Computed tomography (CT)
Although CT is useful in patients with obstructive biliary
disease, axial CT is not an effective method of demonstrating
biliary anatomy. Because of the cross-sectional orientation of
the CT images, the anatomy is fragmented and CT alone is
less accurate in providing information of complex anatomic
relationships. 3D CT cholangiography demonstrated the dilated
bile ducts but could not depict nondilated peripheral bile ducts
not seen on 2D axial images. On 3D CT cholangiography with
miniIP, grades for anatomic details of biliary system were over
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grade 4: visualization up to third-order branches. 3D CT
cholangiography with miniIP determined the cause and level
of all patients. Grades for anatomic visualization of the biliary
tree corrected with an attenuation difference between bile ducts
and enhanced hepatic parenchyma. Therefore, maximal hepatic
parenchymal enhancement is one of the most important factors
for 3D cholangiography with miniIP. Appropriate dilatation
of the biliary tree is also necessary to extract pixels of bile
ducts for 3D cholangiography. Focal disruptions of peripheral
bile ducts were in all patients. However, the limitation of
resolution in demonstrating a normal size of bile duct and focal
disruption do not interfere with the determination of the level
of obstruction, contiguity of ducts between different hepatic
segments, and the presence or absence of isolated hepatic
segment. 3D CT cholangiography correctly show the presence
of biliary obstruction. Moreover, there is complete agreement
between 3D CT cholangiography and PTC in the determination
of obstruction level and cause in all patients. Spiral CT
cholangiographic findings were also in agreement with those
of direct cholangiography with regard to the site and extent of
obstruction[38].

Direct cholangiography
Although sonography and CT are sensitive in detecting biliary
tract obstruction, direct cholangiography including
percutaneous transhepatic cholangiography (PTC) and
endoscopic retrograde cholangiopancreatography (ERCP)
remains the standard procedure to delineate the presence and
lev el o f b iliar y o bstru ctio n. Nev er theless, dir ect
cholangiography is operator dependant and invasive, with a
higher complication rate in patients (up to 9 %) with obstructive
jaundice[39,40]. The complications, such as pancreatitis, sepsis,
hemobilia, and bower proliferation, can be life threatening and
can delay or even diminish the chance of managing the primary
disease. ERCP and PTC are useful in the diagnosis of
intrabiliary thrombi, and intraductal filling defects resulting
in partial or complete obstruction and ductal dilatation are
shown in 70 % of bile invasion by HCC. However, these
cholangiographic features are not diagnostic for bile duct
invasion by HCC; therefore, ERC and PTC are limited in their
usefulness for characterization of BDT.
Magnetic resonance cholangiopancreatography (MRCP)
The MR features of intraductal tumors, bile duct obstruction
with an associated hepatic mass or localized intrahepatic duct
dilatation within wedge-shaped areas, indicated intraductal
tumor extension. The enhancement of intraductal masses on
dynamic MR images shows an extension of HCC rather than
blood clots. MR cholangiography is recently shown to be
superior to ERCP in detecting the presence of biliary
obstruction, but it is relatively ineffective for interpretation of
icteric-type HCC.
MRCP was introduced in 1991 by Wallner et al[41]. It is an
absolutely noninvasive imaging modality, allowing
demonstration of the biliopancreatic system by means of data
acquisition and images post-processing reconstruction
presenting at the coronal planes similar to conventional
cholangiography. It requires neither contrast medium injection,
nor biliary endoscopic intervention; therefore, it completely
avoids the formidable complications inherent to conventional
cholangiographic examinations. Both primary liver tumors and
dilatation of biliary system could be demonstrated in MRCP.
Recent studies have demonstrated that MRCP can accurately
depict abnormalities in the hepatobiliary system, and claimed
a high accuracy in depicting various biliary and pancreatic
disease entities, with reported sensitivities approaching 90-95 %
for biliary and pancreatic ductal dilation and stricture[42].

387

Presence of intraluminal soft tissue at the bile duct, and
enhancement of the intraluminal soft tissue in the arterial phase
are two typical features of HCC with tumor thrombi in bile
duct. Sometimes, the simultaneous presence of an intraluminal
tumor in the portal trunk and CHD could be found in this type
of patients. Three different MRCP features could be found:
(a) an oval defect in the hilar bile duct(s) with dilated
intrahepatic ducts. A bulky intraluminal-filling defect resulting
from either tumor fragments or blood clots obstructing the
major bile duct is the most common cholangiographic finding
of icteric type HCC. This feature has been reported in about
70 % of this type of patients. It most frequently occurs in the
hepatic or common bile ducts, causing partial or complete
obstruction. The bile ducts containing tumor fragments are
visualized because the impacted tumor appears dark on MRCP
and there is no surrounding bile. A comparison of direct
cholangiography with MRCP showed that the non-visualized
bile duct in type I MRCP corresponded well in size, contour,
and location to the intraluminal filling defect on conventional
cholangiography; (b) dilated intrahepatic ducts with missing
major bile ducts, and (c) localized stricture of the hilar bile
duct(s). It is an unusual cholangiographic feature of icterictype HCC, and an incidence of 9-15 % has been reported. The
stricture is short, smooth, and confined to the porta hepatis, in
contrast to the multiple, long segmental dilatations and “rattail” stricture seen in cholangiocarcinoma. The localized
stricture is probably the result of bile duct encasement by the
large infiltrative tumor in the caudate lobe and hepatic hilum
and the enlarged hilar lymph nodes. However, it may be very
difficult to differentiate from hilar cholangiocarcinoma or
cystic duct cancer in a patient presenting with type III MRCP,
because of the very similar cholangiographic appearance. Other
imaging modalities are required for additional information
about the extent of the tumor, the extraluminal tumor
compression, and the presence of enlarged lymph nodes. The
presence of one or more of the following features in multiplanar
MRI and MRCP help to identify this rare, specific type of HCC:
(a) the presence of an intraluminal tumor in both the portal
trunk and the common hepatic duct, (b) enhancement of the
intraluminal tumor in the CHD on the arterial phase, (c) type I
MRCP feature, and (d) hemobilia, blood clot within the
gallbladder, and/or type II MRCP feature[29, 42-45].
Both ERCP and MRCP are excellent for confirming the
presence of malignant perihilar biliary obstruction that has been
suggested by sonography and CT. Nevertheless, MRCP is
obviously superior to ERCP in interpreting the cause and
depicting the anatomical extent of the perihilar obstructive
jaundice. It is particularly distinctive in cases associated with
tight biliary stenosis and along segmental biliary stricture. For
this kind of patients, an undue pressure and retention of contrast
medium imposed on a diseased biliary tree might deteriorate
the pre-existing biliary tract infection. Therefore, the amount of
injected contrast agents given is below the optimal dose needed
to appropriately visualize the biliary tree cephalad to the lesion
site. Complementary PTC is warranted to remedy this problem.
Certainly, the procedure-related risk increases synergically.
Furthermore, in cases with separate biliary obstruction, detailed
opacification of the intrahepatic biliary system may have
necessitated multiple PTC sessions before the MRCP era. For
deeply jaundiced patients with renal insufficiency, an iodinated
contrast material is particularly dangerous; whereas MRCP is
also satisfactorily delineate the dilated biliary system irrespective
to the serum bilirubin level and renal function. In addition, the
nonopacified area on the direct cholangiography, such as a
sequested bile duct or gallbladder as a result of tumor invasion,
can be depicted clearly by MRCP.
Icteric type HCC represents the most difficult disease entity
to correctly diagnose using either MRCP or ERCP. The
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characteristic cholangiographic feature of bile duct
involvement by a ruptured HCC is a large expanding
intraluminal filling defect with an irregularly lobulated outline
and ground-glass radiolucency of the filling defects, which
may be smooth or irregular, usually seen in the common hepatic
duct [14,44,45] . The differential diagnoses of this type of
cholangiography include papillary type cholangiocarcinoma,
intraductal polyps or mucin-hypersecreting intrahepatic biliary
neoplasm. It still relies on other information, such as the
presence of liver cirrhosis, hepatitis markers, tumor markers
(AFP, CEA), the fluctuation of jaundice, and hemobilia. The
presence of an encapsulated mass with a central scar or internal
fat may also be helpful to diagnose icteric HCC. MRCP and
direct cholangiography provide the equivalent diagnosis
information that segmental bile ducts are not visualized and
the CHD is partially opacified because of migrating tumor
thrombi. Furthermore, by means of T2-weighted axial and
coronal plane of MR images, tumor thrombi that ruptured from
the primary tumor into both intrahepatic and extrahepatic bile
ducts could be perfectly depicted. This novel diagnostic
modality makes the diagnosis of icteric HCC more
straightforward and certain than ever before[46].

Choledochoscopy
Choledochoscopy is an alterative diagnostic technique
applicable before and after duct exploration. Choledochoscopy
can differentiate obstructions resulting from intraluminal mass,
infiltrating ductal lesions or extrinsic mass compression.
Yamakawa first introduced intra-operative fiber optic
choledochoscopy (IOC), using an improved fiberoptic
choledochoscope, in 1976. Chen et al.[47] used IOC to visualize
the nature of obstruction of the bile duct.
Characteristic cholangiographic findings of HCC invading
into the bile duct include intraluminal expanding hilar mass
density. Jan et al. found the main choledochoscopic findings
were a yellowish intraluminal nodular mass and tumor
thrombus in the CBD. These features may allow differential
diagnosis from hilar papillary type cholangiocarcinoma[14].
Bile duct brushing cytology
Bile duct brushing cytology is another useful technique in the
diagnosis of malignant biliary strictures. In HCC with
obstructive jaundice due to invasion of the biliary tract, a
striking feature of the brushing is the prominent capillary
vascular pattern associated with the tumor cells. This is a
cytologic feature that has been noted in fine-needle aspirates
of HCC as well, and is distinct from the expected findings in
adenocarcinoma[48].
TREATMENT STRATEGIES
Surgical treatment
Jaundice is not necessarily a harbinger of advanced disease
and a contraindication for surgery. Patients with primary liver
cancer and jaundice due to migrated tumor fragments in the
bile duct may benefit from surgical resection. Most patients
will have satisfactory palliation and occasional cure if the
appropriate procedures are selected and carried out safely,
which can result in long-term resolution of symptoms and
occasional long-term survival.
The goals of operative intervention are biliary decompression
with removal of tumor debris or tumor-containing blood clots,
and, if possible, curative resection of the hepatic tumor. The
commonly used operative methods are lobectomy (including
the primary tumor and the tumor thrombi in bile duct),
hepatectomy plus thrombectomy, choledochotomy with T-tube
drainage alone, internal biliary stenting, or biliary diversion. The
ideal treatment of these patients is hepatic resections[18,33,34,49-51].
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“Curative” resection is possible in some patients with
obstructive jaundice. The overall survival of patients with HCC
with obstructive jaundice might be similar to those patients who
present with no clinical detectable jaundice, and is much better
than those with jaundice due to hepatic insufficiency[52].
There are numerous techniques that can be employed for
biliary decompression and drainage[26]. The decision to perform
what kind of operations or interventions should be based on
the nature and location of the main tumor mass, severity of the
symptoms, associated neoplastic strictures, the patient’s overall
status, and the experience of the surgeon. Wang et al. reported
10 cases with gross evidence of tumor thrombi in the bile duct
were treated with different resection methods and interventions.
Eight out of the 10 patients underwent exploratory laparotomy
(right lobectomy with extrahepatic bile duct resection in 2
cases, right lobectomy with tumor thrombectomy in 2 cases,
left lobectomy and caudate lobectomy with extra-hepatic bile
duct resection in 2 cases including T-tube drainage in 1 case
and biopsy only with post-operative internal biliary stent in 1
case). Survival time of these patients was 39 months (still alive);
38 months (still alive); 8 months (died); 8 months (died); 8
months (still alive); 1 month (still alive); 14 months (died); 8
months (died), respectively. Of the 2 non-surgical cases, 1
underwent PTBD only and the other had endoscopic removal
of the thrombi. Their survival time was 18 days (died) and 24
months (still alive with recurrence), respectively. The 4 cases,
with right lobectomy or left lobectomy including extrahepatic
bile duct resection, had relatively long-term disease-free
survival (39 months, 38 months, 8 months and 1 month after
operation, respectively). However, there were no differences
in survival between the partial hepatectomy procedure with
removal of tumor thrombi and the simple drainage procedure
without tumor resection. So, they suggested that, for the
improvement of survival, it was necessary to perform major
hepatic resection with removal of the extrahepatic bile duct. If
hepatic resection could not be accomplished with bile duct
resection due to limited liver function, non-surgical modalities
should be considered instead of surgery because there was no
difference in prognosis between the 2 groups[53]. Hu et al.
reviewed 18 patients with obstructive jaundice by tumor emboli
from HCC during a 15-year period of time. Types of surgical
procedures were choledochotomy with T-tube drainage alone
in 9 patients, choledochotomy with T-tube drainage followed
by hepatectomy in six, and T-tube drainage followed by TACE
in the remaining three patients. The mean survival time for 9
patients with external drainage alone was 4.5 months. For the
3 patients with T-tube drainage and TACE, the mean survival
time was 11 months. Six patients who had undergone
hepatectomy had a better postoperative survival time, with 1
surviving for more than 3 years and another alive for 70 months,
without evidence of recurrence at the moment[54]. Tantawi et al.
reported 5 patients underwent liver resection associated with
biliary exploration, clearance and T-tube drainage, 4 of them
received major hepatectomy. All of the patients survived more
than 1 year with a median survival of 29 months. There were 2
long-term survivors without recurrence at 29 and 80 months[51].
Intraoperative identification of the nature and location of
intraluminal biliary obstruction is crucial for the initial
assessment and planning of operative strategy. In this respect,
IOC, cholangiography, and intraoperative US are important
adjuncts to formal common bile duct exploration. Direct
endoscopic visualization of bile ducts will facilitate
differentiation of neoplastic stricture from filling defects
demonstrated in cholangiograms. Removal of gross tumor
debris as much as possible from the luminal of the bile duct
through manual extraction and irrigation is one of the key
procedures to the prognosis. This can often be verified at the
end of the procedure either by repeated cholangioscopy or

Qin LX et al. HCC with obstructive jaundice

cholangiography. Using intra-operative US on the surface of
the liver, small or deeply seated tumor and intrahepatic
metastasis can be found and an adequate tumor resection
margin can be marked out accurately. IOC reveals the
characteristic finding of an intraluminal yellowish nodular mass
in patients with malignant obstruction of the bile duct due to
HCC. Liver resection with a free margin of the involved hepatic
duct can be achieved by a choledochoscopically guided
operation[14].
It is not difficult to remove such tumor casts at operation in
most cases. However, active hemorrhage occurred during
operation in some cases, possibly because of the continuity of
the intraductal tumor debris with the main intrahepatic tumor.
Suturing, electrocauterization, compression, Pringle’s
maneuver, or hepatic arterial ligation usually can achieve
hemostasis. When noncalculous material is found to be
obstructing the extrahepatic ducts, even no obvious primary
hepatic tumor was found, tumor embolus must be considered
and the material sent routinely for pathological evaluation.
The role of preoperative biliary drainage (PBD) before liver
resection in the presence of obstructive jaundice remains
controversial. Cherqui et al. found major liver resections
without PBD were safe in most patients with obstructive
jaundice. Recovery of hepatic synthetic function was identical
to that of no jaundiced patients. Transfusion requirements and
incidence of postoperative complications, especially bile leaks
and subphrenic collections are higher in jaundiced patients.
Whether PBD could improve these results remains to be
determined[55]. Teda et al. thought a combination of biliary
drainage and subsequent TAE is a recommended pre-operative
strategy for the successful surgical treatment of Icteric type
HCC. Nine of the 10 patients achieved sufficient reduction of
the jaundice preoperatively. After the evaluation of liver
function, 8 patients underwent hepatectomy without any
appreciable morbidity or mortality. The median survival time
of the resected cases was 18 months[56].

Non-surgical treatments
Although successfully resected cases of Icteric type HCC have
been reported, most of this type of patients are inoperable[49-52,57].
The alternative treatment strategy is palliative in intent,
including palliative treatment for the tumor and thrombi, and
alleviating the jaundice. Palliative treatment strategies,
including TACE and/or radiotherapy (R/T) show a beneficial
effect in improving the survival.
Biliary drainage is usually used as the initial treatment
because of overt cholangitis. Early and effective biliary
drainage (percutaneous transhepatic biliary drainage, PTBD)
might be necessary in this group of patients with limited hepatic
function to prove the prognosis[58].
To some extent, for icteric type HCC patients with poor
and complicated conditions, the palliative strategies are chosen
based on experience. In icteric type HCC patients with
sufficient reserved liver function, TACE is effective and should
be tried as a first choice of therapy[59]. The median survival
time among those eight patients who received palliative
treatment was 13.4 months (a range of 8-26 months), which
was significantly longer than for the other two patients without
treatment (2 and 4 months).
External beam radiation therapy may be beneficial in some
patients with unresectable icteric-type HCC. Also, US-guided
localized radiotherapy, particularly on the critically located
CBD and CHD thrombi, could be effective[60,61]. Huang et al.
demonstrated that radiotherapy could be an effective adjuvant
strategy in those who showed limited response to TACE or
those who had poor liver reserve function. The median survival
time of those 8 patients receiving palliative treatment (TACE
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alone, or radiotherapy alone, or in combination) was longer
than that the other two patients without treatment (13.4 months
vs. 3 months)[16]. When combined with other conventional
therapies (such as TACE), radiation therapy may play an
important role in the treatment of HCC[62].
Endoscopic biliary drainage (EBD) for unresectable HCC
associated with obstructive jaundice remains controversial
because of the short survival of these patients. Some reports
suggest EBD is one of the most effective treatments for patients
with unresectable malignant biliary stenosis, and even for
patients with obstructive jaundice caused by liver metastasis.
However, EBD is often difficult in HCC patients with obstructive
jaundice and may fail because of proximal biliary obstructive at
the hilum, underlying liver cirrhosis, and a poor hepatic
functional reserve. Consequently, it is not a commonly used
procedure in patients with advanced inoperable HCC and
obstructive jaundice, and the indications for EBD in these patients
are also controversial because of their short survival[63].
ERCP can be both diagnostic and therapeutic. Biliary
stenting can relieve jaundice and allow further chemotherapy,
but at additional expense and potential morbidity. Martin et
al. retrospectively analyzed 26 patients with HCC and jaundice
undergoing ERCP after CT or US, and found in selected patients,
stenting could safely relieve jaundice and allow subsequent
chemotherapy. CT or US accurately predicted lesions that
responded to stenting. ERCP and stenting provided no benefit
in the absence of biliary dilation on CT or US[64]. Placement of
metallic stents is the procedure of choice for palliation of
malignant biliary obstruction. Stents show a favorable patency
rate with regard to patient survival. In patients with hilar
obstruction, the clinical efficacy of metallic stents is superior to
that in patients with CBD obstruction [65]. In the palliative
treatment of HCC patients, a large stent may be necessary, as
used in reports of HCC successfully treated by metal stents, if
the hepatic functional reserve is not too poor[66,67].
EBD is more effective for palliation in the patients with
obstructive jaundice caused by tumor fragments and/or blood
clots or with tumor protruding into the CBD lumen than in the
patients who mainly have tumor invasion. So it is important to
understand the causes of obstruction on cholangiograms before
performing EBD. And it is difficult in most patients with direct
tumor invasion involving both hepatic ducts, and multiple
tumors in both lobes. It is important to determine the site, extent,
and nature of the obstruction, as well as liver function and the
presence of portal thrombus, before performing EBD. In
patients with tumor involvement of both the right and left
intrahepatic ducts, EBD should be avoided because of the low
successful drainage rate and short survival. In HCC patients with
obstructive jaundice, considering the progression of hepatic
insufficiency, it is important to achieve complete drainage at
the first stenting procedure. In patients with CBD bifurcation
tumors, drainage of both lobes should be achieved, if possible.
However, attempted drainage of all obstructed liver segments
may cause cholangitis or sepsis if it is unsuccessful[68,69].
The combination of palliative methods may relieve jaundice,
ensure a good quality of life and possibly prolong survival of
this type of HCC patients. Lauffer et al. reported 1 case received
combination treatment with surgical segment III drainage,
TACE and radioembolization with Yttrium-90 resin particles
and endoscopic stenting was performed. With these combined
procedures, relief of jaundice and a survival time of 32 months
could be achieved[70].

PROGNOSIS
The prognosis of icteric type HCC patients is generally dismal,
but is better than those HCC patients who have jaundice caused
by hepatic insufficiency. Cholangitis secondary to tumor
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obstruction is found to be the major cause of death in these patients.
The prognosis of this type of HCC patients is closely related
to the stage of disease, the location and extension of tumor
thrombi in bile duct. In 1994, Ueda et al. classified HCC with
BDT into 4 types. Type I: BDT located in the secondary branch
of the biliary tree. Type II: BDT extending to the first branch of
the biliary tree. Type III: BDT extending to the common hepatic
duct (CHD) (IIIa); an implanted tumor growing in the CHD
(IIIb). Type IV: floating tumor debris from the ruptured tumor
in the CBD[71]. They also found that the patients with type I, IIIb
and IV of BDT had a relative better prognosis than other types.
Different therapies also influence the prognosis of this type
of patients. Lau et al. reported that patients who received curative
liver resection had a much better survival rate than those without
resection (with a median survival of 25.3 vs. 2.1 months,
respectively)[72]. Huang et al. studied 9 patients who had a patent
portal vein and reported that the mean survival of 4 patients
with curative resection was 35.8 months, but that of the 5 patients
with palliative treatment was only 4.5 months. Thus, the ideal
treatment for HCC associated with obstructive jaundice is to
reduce the jaundice with preoperatively and perform hepatic
resection, but the prognosis of patients who are inoperable is
extremely poor[73]. Kojiro et al. reported that 2 of their patients
died 40-60 days after the development of obstructive jaundice
[4]
. In a study of 49 HCC patients with obstructive jaundice, Lau
et al. reported that 9 patients received curative resection, 35 had
biliary stents, and 5 had supportive treatment, and the overall
survival of these patients was similar to that of HCC patients
without jaundice. They concluded that good palliation and
occasional cure were possible with proper treatment[52]. For
biliary drainage in patients with unresectable HCC, the mean
survival time or patients with only EBD was 3.9 months[29], and
the patients with external drainage alone was 4.5 months[54].

CONCLUSIONS
Obstructive jaundice as the main presenting clinical feature of
HCC is uncommon. The prognosis of this type of HCC is
generally dismal, but is better than those HCC patients who
have jaundice caused by hepatic insufficiency. Jaundice is not
necessarily a harbinger of advanced disease and a
contraindication for surgery. Patients with primary liver cancer
and obstructive jaundice due to migrated tumor fragments in
the bile duct may benefit from surgical resection. Most patients
will have satisfactory palliation and occasional cure if
appropriate procedures are selected and carried out safely,
which can result in long-term resolution of symptoms and
occasional long-term survival.
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Abstract
AIM: To obtain human esophageal cancer cell EC9706 stably
expressed epithelial membrane protein-1 (EMP-1) with
integrated eukaryotic plasmid harboring the open reading
frame (ORF) of human EMP-1, and then to study the
mechanism by which EMP-1 exerts its diverse cellular action
on cell proliferation and altered gene profile by exploring
the effect of EMP-1.
METHODS: The authors first constructed pcDNA3.1/mychis expression vector harboring the ORF of EMP-1 and then
transfected it into human esophageal carcinoma cell line
EC9706. The positive clones were analyzed by Western blot
and RT-PCR. Moreover, the cell growth curve was observed
and the cell cycle was checked by FACS technique. Using
cDNA microarray technology, the authors compared the gene
expression pattern in positive clones with control. To confirm
the gene expression profile, semi-quantitative RT-PCR was
carried out for 4 of the randomly picked differentially
expressed genes. For those differentially expressed genes,
classification was performed according to their function and
cellular component.
RESULTS: Human EMP-1 gene can be stably expressed in
EC9706 cell line transfected with human EMP-1. The authors
found the cell growth decreased, among which S phase was
arrested and G1 phase was prolonged in the transfected positive
clones. By cDNA microarray analysis, 35 genes showed an
over 2.0 fold change in expression level after transfection, with
28 genes being consistently up-regulated and 7 genes being
down-regulated. Among the classified genes, almost half of
the induced genes (13 out of 28 genes) were related to cell
signaling, cell communication and particularly to adhesion.
CONCLUSION: Overexpression of human EMP-1 gene can
inhibit the proliferation of EC9706 cell with S phase arrested
and G1 phase prolonged. The cDNA microarray analysis
suggested that EMP-1 may be one of regulators involved in
cell signaling, cell communication and adhesion regulators.
Wang HT, Kong JP, Ding F, Wang XQ, Wang MR, Liu LX, Wu M,
Liu ZH. Analysis of gene expression profile induced by EMP-1 in
esophageal cancer cells using cDNA Microarray. World J
Gastroenterol 2003; 9(3): 392-398
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INTRODUCTION
EMP-1 is a member of the PMP22 family with the similarity
in structure. Since EMP-1 was first found by Taylor, it has
been isolated independently from human, mouse and rabbit
and received many different designations, such as TMP (tumor
membrane Protein), PAP (Progression Associated Protein), CL20 and B4B[1]. All tissues expressing EMP-1 mRNA contain
2.76-kb EMP-1 transcripts. In some regions of the
gastrointestinal tract, including the fundus, ileum, cecum, and
colon, however, additional transcripts of approximately 1.7
kb hybridize with the EMP-1 cDNA[2] .The 2.76-kb EMP-1
cDNA contains five exons about 0.2kb, 0.12kb, 0.1kb, 0.14kb,
and 2.2 kb and four introns about 15kb, 1.9kb, 0.1kb, and 0.7
kb in length respectively. EMP-1 has been mapped to
chromosome 12p12 by fluorescence in situ hybridization[3].
EMP-1 is encoded by a single-copy gene with the positions of
introns exactly conserved between EMP-1 and PMP22,
corroborating the hypothesis that EMP-1 belongs to the PMP22
family[4]. EMP-1 transcript is expressed at high levels in heart,
placenta, lung, skeletal muscle, kidney, spleen, colon prostate,
ovary, testicle, small intestine and thymus in human[5].
EMP-1 was selected from a series of differential expressed
genes obtained from cDNA microarray analysis of expression
profiles of esophageal cancer in our previous work. EMP-1
expression was 6 fold down-regulated in esophageal cancer
lower than in normal tissue. EMP-1 is highly up-regulated
during squamous cell differentiation and in certain tumors, and
a role in tumorigenesis has been proposed[6]. Moreover, The
overexpression of PMP22 leads to an apoptotic-like phenotype
in NIH3T3 growing cells [7] and delays serum-forksolinstimulated entry of resting Schwann cells from G1 into the
S+G2/M phase in Schwann cell[8]. Transient expression of
EMP-1 specifically inhibited cellular proliferation by more than
50 %[9]. Preliminary data suggested that EMP-1 was involved
in growth control in esophageal cancer cell line EC9706.
However, whether there is a similar effect of EMP-1 expression
on the cell cycle of epithelial cells remains to be determined
and little is known about the function of EMP-1 in growth
control in esophageal cancer cell line EC9706.
To elucidate the effect of EMP-1 on EC9706 cell, the open
reading frame (ORF) of human EMP-1 was cloned into
pcDNA3.1/myc-his, a eukaryotic expression vector. EC9706
was transfected with the integrated plasmid containing EMP1 to enforce expression of the exogenous EMP-1. Western
blotting and RT-PCR were used to analyze positive clones.
The cell growth curve was observed and the cell cycle was
checked by FACS method. However, the mechanism by which
EMP-1 may exert its activity remains unclear. Because the
differentiation of mammalian cells is associated with changes
in gene expression that is primarily controlled at the level of
transcription, we tested the expression alteration with cDNA
microarray technology to address the question of which genes
are influenced by EMP-1 gene overexpression.
MATERIALS AND METHODS
Sample collection
Fifteen pairs of esophageal tumors and matched adjacent
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normal mucosa were obtained at surgery. Samples were frozen
in liquid nitrogen until RNA was extracted.

Cell lines and cell culture
Esophageal carcinoma cell line EC9706 was established in our
laboratory. The cell lines were maintained in M199 medium
with 15 % FBS and cultured at 37
in 5 % CO2.
The eukaryotic plasmid vector pcDNA3.1-myc-his (-) C
An Xhol I and Hind III fragment ORF of EMP-1 was cloned
into the pcDNA3.1/myc-his vector. The correct construct
sequence was confirmed by DNA sequencing.
Atlas human cancer cDNA expression array
Atlas Human Cancer cDNA Expression Array (Clontech) was
used to analyze EMP-1-induced gene expression which
included over 588 genes on the nylon membrane.
Isolation of RNA and semi-quantitative RT-PCR
Paired esophageal cancer tissues and adjacent normal mucosa
tissues (-100 mg) were homogenized mechanically in 1 ml of
TRIzol reagent (Life Technologies, Inc.), and cell pellets were
harvested to isolate the total RNA. According to the
manufacturer’s protocol (Life Technologies, Inc.). First-strand
cDNA was synthesized from 5 µg of total RNA using
Superscript II reverse transcriptase (Life Technologies, Inc.)
and OligodT12-18 primers following the company’s protocol.
The same amount of cDNAs was subsequently used for PCR
amplification. PCR reaction was performed in 25 µl buffer
containing 1 µl cDNA, dATP, dCTP, dGTP, dTTP each 0.2
mmol/L, 1×PCR buffer, 1.5 mmol/l MgCl2 and 1.5U Taq DNA
polymerase (GIBCO). The primers for GAPDH are 5’-ACC
ACA GTC CAT GCC ATC AC-3’ and 5’-TCC ACC ACC
CTG TTG CTG TA-3’; EMP-1 5’-GGA TCA GGG CTC CTA
GGC TCA-3’ and 5’-GGT GGC TTG CCC TCA ACA TT-3’;
the primer for the ORF of EMP-1 is 5’-ATC TTT GTG GTC
CAC ATC GCT-3’ and 5’-CTT CTC CAT GGT GAA GAG
CT-3’; Primers for four random selected genes were
respectively designed for human CDK inhibitor p19INK4d,
5’-TCC ATG ACG CAG CCC GCA CT-3’ and 5’-TCT CTG
CAG TGC CAG CTC CA-3’; Human tissue-type plasminogen
activator (t-PA), 5’-AGT GCA TTT TCC CAG ATA CT-3’
and 5’-TTT GTG GTC CTG TTT CCA AAG-3’; Human
interleukin-6, 5’-AGG CAC TGG CAG AAA ACA AC-3’ and
5’-TCC AAG AAA TGA TCT GGC TC-3’; Human alpha-1
type XI collagen (COL11A1), 5’-TCC TGT TTG TTT TCT
TGG CT-3’ and 5’-TTA TGA TTT TCA AAG CTT TTG T3’. The amplification was performed with one denaturing cycle
of 5 min at 95 , then 94 for 40s, 55 for 40s, 72 for
40 s for 25-27 cycles, and one final extension of 7 min at 72 .
RT-PCR products were analyzed on 1.2 % agarose gel. The
number of cycles and melting temperature was adjusted
depending on the genes amplified.
In vitro transfection and cell culture
According to the manufacturer’s instructions (Invitrogen), the
day before transfection, seed 3×106 EC9706 cells in 3 ml of
the 15 % serum complete growth medium. Combine diluted
DNA with diluted Lipofectamine TM Reagent. For each
transfection, add 0.8 ml of medium without serum to the tube
containing the complexes. Incubate the cells with the
complexes for 5 hours at 37 in a CO2 incubator. Following
incubation, add 3 ml of growth medium containing 30 % serum
without removing the transfection mixture. Add G418 after 3
days and select monoclonal cell to a fresh bottle and keep on
culturing with G418 (1 mg/ml). The positive clones together
with the negative parental vector without EMP-1 and EC9706
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Cells (3×105 in 2 ml) were seeded and incubated at 37
in
5 % CO2 with G418 (1 mg/ml), Cells were harvested and then
quantitated every 24 hours.

Flow cytometry assay
Flow cytometry was performed to assess the cell cycle
alteration. Trypsinized adherent and floating cells were
collected, washed twice with cold PBS, and resuspended in
PBS containing 0.1 % Triton X-100 and 0.1 % RNase for 5
min at room temperature. The samples were then stained with
propdium iodide (0.1 mg/ml), filtered through a 300-µm-poresize nylon mesh, and analyzed in a cell sorter (Coulter, epics
elite ESP)[10].
Western blotting analysis
Cells were rinsed twice with PBS, and protein preparation was
performed according to the manufacturer’s instruction (Santa
Cruz). Protein concentration in homogenates was determined
using a BSA-Protein assay (Hyclone) employing bovine serum
albumin as the standard. The extracted proteins (20 µg) were
subjected to 15 % polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate under reducing conditions,
and then transferred onto poly (vinylidene difluoride) (PVDF)
membranes (Hybond-P). Mouse monoclonal anti-human hexadHIS antibodies (Santa Cruz; final dilution 1:1 000) were used
as the primary antibody, and horseradish peroxidaselabeled antimouse immunoglobulin (Santa Cruz; final dilution 1:1 500) was
used as the secondary reagent. Detection was performed using
an ECL system (Amersham-Pharmacia).
cDNA microarray analysis
Total RNA was extracted by TRIzol from positive clone 2
cells and the parental vector without cDNA insert pcDNA3.1mychis (-) C cells as negative control. Poly (A) RNA was purified
using an Oligotex-dT30 mRNA purification kit (TAKARA).
One µg of highly purified poly (A) RNA from the negative
control and and cell clone 2 was performed for cDNA
microarray analysis. The mRNA was reverse transcribed with
33
P-dATP (Amersham). The paired reactions were purified with
a TE-30 column (Clontech, Palo Alto, CA). The radioactive
labeled probe was then applied to the array for hybridization
at 68 for 12 hours. After hybridization, the membrane was
washed with buffer of decreasing ionic strength. The X-ray
film was scanned at a resolution of 16-bit. AtlasImage software
(version1.01a, Clontech) was used for image analysis. The area
surrounding each element image was used to calculate a local
background, which was then subtracted from the total element
signal. Background subtracted element signals are used to
calculate intensity ratios. The average of the resulting total
intensity signal gives a ratio that is used to balance or normalize
the signals. Then semi-quantitative RT-PCR analysis of 4
randomly selected genes confirms the microarray results.
RESULTS
Differential expression of EMP-1 judged by RT-PCR
RT-PCR was used to detect the EMP-1 gene expression in the
pair of esophageal cancer (C) and normal mucosa (N). We
checked 15 pairs of esophageal cancer and its adjacent normal
tissue and found the expression of EMP-1 was higher in normal
tissue than that in cancer tissue in 14 pairs, and lower in only
1 pair (Figure 1).
Selection of positive transfectant clone by RT-PCR
Since the expression of EMP-1 should be up-regulated after
transfection, RT-PCR was used to analyze the positive clones
and the parental vector as negative control. The clones 1, 2, 3,
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4, 5, 6, 8 and 10 showed a comparable increased expression of
EMP-1 (Figure 2).

702bp
452bp

EMP-1
GAPDH
M

N1

C1 N2 C2

N3 C3 N4

C4

N5 C5

Figure 1 Different expression of EMP-1 detected in matched
pairs of esophageal cancer tissue. The upper band represents
EMP-1 (702 bp); the lower band represents GAPDH (452 bp).
The expression of EMP-1 is higher in normal (N) tissue than
its cancer(C) tissue. RT-PCR for GAPDH was used as equal
loading control.

452bp
252bp

GAPDH
EMP-1
M

Cell number (*10 000)

Expression of EMP-1 in positive clones detected by western
blotting
Since the vector carrying 6xHis peptide as a selective marker,
it can be detected by anti-His monoclonal antibody with
Western blot. Hexad-His peptide has been expressed in host
cell clone 1, clone 2, clone 3, clone 5, clone 6 and clone 8,
however, EMP-1 protein was not identified in clone 4 which
was highly expressed in transcriptional level for unknown
reasons (Figure 3).
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The growth curve of EC9706 cell line after
transfected into EMP-1

Vector
EC9706
Clone1
Clone2
Clone3
Clone4
Clone5
Clone6
Clone7
Clone8
Clone9
Clone10

300
250
200
150
100
50
0

1

2

3
4
Growth days

5

Figure 4 The growth curve of EC9706 cell line after transfected
into EMP-1.The clones 1, 2, 3, 5, 6, 8 and 10 slow down
obviously, and the clones 4, 7 and 9 are close to the vector
control. Vector represents the negative control.

Flow cytometry analysis
Five of ten clones showed similar results after flow cytometry
analysis. The percentages of cells in G1 and S phases of clone
1, clone 2, clone 3, clone 6 and clone 8 were 66.6 %, 17.9 %;
64.0 %, 30.2 %; 63.8 %, 29.1 %; 60.9 %, 34.6 %; and 69.5 %,
24.2 %; respectively. The percentage of cells in G1 and S phases
of negative control were 52.2 % and 41.7 %, respectively.
Comparing the cells trasfected with cDNA insert and the
negative control, we found that S phase was arrested and G1
phase was prolonged. Then cell clone 2 was used as a
representative because its proliferation has been inhibited
obviously (Figure 5).
320

B C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

280

Figure 2 Different expression of EMP-1 cell clones transfected
with pcDNA3.1-EMP-1-myc-his (-) C vector and the parental
vector without cDNA insert pcDNA3.1myc-his (-) C cells as
negative control. Clones 1, 2, 3, 4, 5, 6, 8 and 10 showed the
increased expression of EMP-1. RT-PCR for GAPDH was used
as equal loading control. B represents the parental vector as
negative control.
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Figure 3 Western blotting check the expression of EMP-1 after
transfected into the EC9706 cell with anti-HIS monoclonal
antibody. His peptide has been expressed successfully in host
cell clones (C1, C2, C3, C5, C 6 and C8,). Control represents the
negative control.

The growth curve of positive clone and the parental vector
without the cDNA insert as negative control
The cell proliferation rate had been observed and the cells
displayed a decreased proliferation rate in clone 1, clone 2,
clone 3, clone 5, clone 6, clone 8 and clone 10, especially in
clone 2. The proliferation rates of clone 4, clone 7, and clone
9 are close to that of negative control. The expression of EMP1 in clone 1, clone 2, clone 3, clone 6 and clone 8 was upregulated in both RNA and protein levels by RT-PCR and
Western blot, respectively, and a reduced ability to proliferate
was as shown in these clones (Figure 4).
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300
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Figure 5 Flow cytometric analysis of cell cycle of negative control (left) and cell clone 2 (right). The percentages of negative
cells and the clone 2 cells in G1, G2 and S phase are 52.2 %, 6.2 %,
41.7 %; 64 %, 5.8 % and 30.2 %, respectively.

cDNA microarray results of the parental vector pcDNA3.1/
myc-his and EMP-1 transfected cell
By cDNA microarray analysis, 35 genes showed an over 2.0fold change in expression level after transfection, with 28 genes
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being consistently up-regulated and 7 genes being downregulated in clone 2 cells (Figure 6).
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DISCUSSION
In our previous work on the expression profile of esophageal
cancer, we found that the expression of EMP-1 was 6 fold
down-regulated in esophageal cancer than that in its adjacent
normal mucosa. This study was designed to determine the
diverse cellular action of EMP-1 by enforcing its expression
in EC9706. Human EMP-1 gene can be stably expressed by
EC9706 cell line transfacted with human EMP-1. As a result,
the cell proliferation was inhibited, S phase was arrested and
G1 phase was prolonged after EMP-1 overexpresssion in
EC9706 cells, which is similar to the action of PMP22 in
Schwann cells[8]. We then analyzed EMP-1 induced gene
expression using AtlasTM human cancer cDNA expression
microarray composed of 588 genes, 35 genes showed an over
2.0- fold change in expression level, in which 28 genes were
consistently up-regulated and 7 genes were down-regulated.
Among the classified genes, almost half of the induced genes
(13 out of 28 genes) were related to cell signaling,
communication and adhesion, which indicated that EMP-1 may
be one of the cell signaling, communication and adhesion
regulators (Table 2).
Table 2 Summary of genes regulated by EMP-1
Major category Sub category
Cell division

Figure 6 cDNA microarray analysis of parental negative control expression (left) and the EMP-1 transfected cell clone 2
(Right). 35 genes show an over 2.0-fold change in expression
level after transfection, with 28 genes being consistently upregulated and 7 genes being down-regulated.

RT-PCR validation of the microarray results
To confirm the gene expression profile, semi-quantitative RTPCR was carried out for 4 randomly selected differentially
expressed genes. As a result, the expression of these 4 genes
was similar with the microarray analysis (Figure 7).
P19INK4D

PLASM

COL11A1

IL-6

452bp

GAPDH
M

Cell signaling
or cell
communication
and adhesion

Cell structure/
motility

Post Pre Post Pre Post Pre Post Pre

Figure 7 Verification of up-regulated and down-regulated
gene expression in EC9706 induced by overexpression of
EMP-1. Interleukin-6, plasminogen and P19INK4D increased
their expression and COL11A1 decreased its expression. Pre
represents the sample not transfected with the vector carried
with the ORF of EMP-1, and post represents the sample transfected with EMP-1. RT-PCR for GAPDH was used as equal
loading control.

Gene expression profile induced by overexpression of EMP-1
In further analysis of the data from this study provided an
insight into the alteration in the EMP-1 induced genes.
Because these 588 genes are cancer associated genes and
include almost all aspects involved in carcinogenesis and
development of tumor and can be the representative of tumor,
these data provide an independent and relatively unbiased
estimate of the EMP-1 induced expression profile. In general,
genes that expression were was more than 2.0-fold were
informative and valuable (Table 1).

Cell/organism
defense

Gene/protein
expression
Metabolism

Up-regulated Down-regulated

General
1
DNA synthesis/replication
1
Apoptosis
2
Cell cycle
1
Chromosome structure
1
Total
6
Cell adhesion
Channels/transport protein
Effectors/modulators
Extracellular Communication 1
Hormones/growth factors
4
Intracellular transducers
2
Protein modification
3
Receptors
3
Total
13
General
Cytoskeletal
3
Extracellular matrix Proteins 2
Microtubule-associated proteins/motors
Total
5
General
Homeostasis
Immunology
1
Total
1
RNA synthesis
1
protein synthesis
Total
1
General
Amino acid
Cofactors
Energy/TCA cycle
2
Lipid
Nucleotide
Protein modification
Sugar/glycolysis
Transport
Total
2
Unclassified
1
Total
1

4
4

1

2
3
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Table 1 Genes whose expression was altered more than 2.0-fold
Genes up-regulated by EMP-1
Coordinate

Gene Name

Ratio

Category

Sub Category

A3i

Cyclin-dependent kinase 4 inhibitor 2D

2.04

Cell division

Cell-cycle regulators

A7d

Cytokeratin 1

2.26

Cell structure

Intermediate Filament Proteins

B3i

Caspase 9

4.11

Cell division

Cell-apoptosis

B7b

Chromatin assembly factor 1 p48 subunit

2.93

Cell division

Chromosome structure

B7j

Abelson-related gene

4.49

Tumor Suppressors

Oncogenes & Suppressors

C2e

DNA damage-inducible transcript 3

2.80

Cell division

Apoptosis-Associated Proteins

C2j

Ras associated with diabetes protein 1

2.47

Cell signaling

Intracellular transducers

C3e

UV excision repair protein RAD23

5.15

Cell division

DNA synthesis/replication

C4b

Wingless-related MMTV integration 5a

3.09

Cell Adhesion

Extracellular Communication Proteins

C4k

Dishevelled homolog 1-like protein

4.13

Cell signaling

Intracellular Transducers

C7m

Retinoic acid receptor beta

5.47

Cell division

Death Receptors

D3e

Vitronectin (VTN);

2.36

Cell structure

Extracellular Matrix Proteins

D4j

Integrin beta 7 (ITGB7)

2.27

Cell Adhesion

Matrix Adhesion Receptors

D4k

Integrin beta 8 (ITGB8)

2.45

Cell Adhesion

Cell-Cell Adhesion Receptors

D5g

Ezrin; cytovillin 2; villin 2 (VIL2)

3.06

Tumor Suppressors

Oncogenes & Tumor Suppressors

D6l

Caveolin 1

3.29

Metabolism

GTP/GDP Exchangers

E1h

Matrix metalloproteinase 11 (MMP11)

4.64

Cell structure

Extracellular matrix Proteins

E1m

Matrix metalloproteinase 16 (MMP16)

3.06

Protein modification

Metalloproteinases

E2b

Tissue inhibitor of metalloproteinase 1

3.82

Protein modification

Protease Inhibitors

E2h

Tissue-type plasminogen activator

4.39

Protein modification

Serine Proteases

E5b

RHO GDP-dissociation inihibitor 1

2.42

Metabolism

GTP/GDP Exchangers

E5h

Cadherin 5 (CDH5);

2.64

Cell Adhesion

Cell-Cell Adhesion Receptors

F1h

Bone morphogenetic protein 2A (BMP2A)

12.45

Cell communication

Cytokines

F3j

Early growth response protein 1

16.06

RNA synthesis

Transcription Activators & Repressors

F4l

Interleukin 6 (IL6)

4.28

Cell communication

Interleukins & Interferons

F5e

Interleukin 13 (IL13)

2.62

Cell communication

Interleukins & Interferons

F5k

Interferon gamma (IFN-gamma; IFNG)

6.04

Cell communication

Interleukins & Interferons

F5l

Leukocyte interferon-inducible peptide

2.73

Unclassified

Functionally Unclassified Proteins

A1j

Cell division cycle 25 homolog A

0.35

Cell division

Cell-cycle regulators

2m

Cyclin D2 (CCND2)

0.34

Cell division

Cell-cycle regulators

A2n

G1/S-specific cyclin D3 (CCND3)

0.30

Cell division

Cell-cycle regulators

A3k

Polo-like kinase (PLK)

0.47

Cell division

Cell Cycle-Regulating Kinases

D1m

Collagen VI alpha 2 subunit (COL6A2)

0.32

Cell communication

Extracellular Matrix Proteins

D2b

Collagen XI alpha 1 subunit (COL11A1)

0.17

Cell communication

Extracellular Matrix Proteins

D7e

Vascular endothelial growth factor C

0.11

Cell communication

Growth Factors,

cDNA microarray analysis offers the opportunity to monitor
changes in gene expression across the entire set of expressed
genes in cells. These 588 known genes are classified on the
basis of the biological function of the encoded protein, using a
modified version of a previously established classification
scheme[11,12]. The classification scheme was composed of six
major functional categories and several minor functional
categories within the major categories. As shown in Table 2,
34 genes were classified as known function genes, and one
gene was categorized as unclassified.
Interestingly, the largest categories (13 out of 28 genes) of
EMP-1-induced genes are those involved in cell signaling
(Table 1), cell adhesion and cell-cell communication, which
included integrin beta 7 (ITGB7), integrin beta 8 (ITGB8) and
cadherin 5 (CDH5). These results indicated that EMP-1 might
be related with cell adhesion and cell-cell communication.

Cadherin-5 and the alpha E beta 7 integrin mediated heterotypic
adhesive interactions between epithelial cells and intraepithelial
lymphocytes in vitro[13]. Integrin beta 7 (ITGB7) and integrin
beta 8 (ITGB8) are heterodimeric (alpha/beta) transmembrane
receptors for extracellular matrix (ECM) ligands. The beta
subunit of integrins are considered important for regulation of
stimulated cell adhesion and adhesion-dependent signal
transduction. Through interactions with molecular partners at
cell junctions, they provide a connection between the ECM
and the cytoskeleton and regulate many aspects of cell
behaviors. Integrins play an important role in lymphocyte
adhesion to cellular and extracellular components of their
microenvironment[14]. Cadherin 5 was also induced by EMP-1
in our microarray analysis. It is generally accepted that
cadherins are a group of cell adhesion molecules located at
intercellular junctions, and they play an important role in
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embryogenesis and morphogenesis in animals and humans due
to their adhesive and cell-signaling functions. Disturbances of
the expression or function of cadherins and their associated
proteins are crucial for the initiation and development of many
pathological states. Cadherin 5 is an epithelium-specific
cadherin that is required for the development and maintenance
of the normal function of all epithelial cells in tissues. The
loss or down-regulation of cadherin 5 is a key event in the
process of tumour invasion and metastasis[15] Cadherin 5 has
the major role in intercellular adhesion in esophageal
mucosa [16] . Appropriate cadherin expression reflects the
differentiation of squamous cell carcinoma[17]. These results
support the putative function of EMP-1, which was a potential
maker of differentiation[18] and was related to cell proliferation,
differentiation, regulation and cell death[3].
In addition, the second largest categories of EMP-1-induced
genes were those involved in cell division, Such as cyclindependent kinase 4 inhibitor 2D, DNA damage-inducible
transcript 3, and retinoic acid receptor beta. The up-regulated
cyclin-dependent kinase 4 inhibitor 2D and the down-regulated
genes in this categories including cell division cycle 25 homolog
A[19] and cyclin D2 (CCND2) and cyclin D3 (CCND3)[20] affect
the cell cycle collaboratively. These support our finding that
the inhibition of cell proliferation after overexpression of EMP1 associates with the induction of S phase arrested and the
prolonged G1 phase with flow cytometric assay.
Retinoic acid receptors beta (RAR-β) is another up-regulated
gene induced by EMP-1. It is well established that retinoids
can modulate epithelial cell growth, differentiation, and
apoptosis in vitro and in vivo by binding to specific nuclear
retinoid receptors, which include RAR-β [21]. Retinoids can
prevent abnormal squamous cell differentiation in
nonkeratinizing tissues physiologically. Retinoids can also
reverse squamous cell metaplasia, which develops during
vitamin A deficiency[22]. The expression of RAR-beta varied
along with the differentiation level of esophageal cancer. RARbeta mRNA was expressed in 62.7 %(42/67), 55.1 %(43/78)
and 29.2 %(7/24) of well, moderated and poorly differentiated
SSCs, respectively[23]. Retinoic acid, which inhibits squamous
cell differentiation with RAR-beta involved in, represses EMP1 expression in normal human bronchial epithelial cells[4].
EMP-1 is one of down-regulation of a cluster of squamous
cell differentiation marker genes [18] and RAR-β may be
involved in this process.
Some genes associated with the intracellular signaling
pathway, such as dishevelled homolog 1-like protein and ras
associated with diabetes protein 1, were induced by EMP-1
overexpression (Table 1).
A study addressing the relationship between EMP-1 and
these cell adhesion and cell-cell communication proteins has
not, to our knowledge, previously been reported. The presumed
protein structure of EMP-1 also supports its function in cell
signaling, cell adhesion and communication. The predicted
EMP-1 polypeptide of 157 amino acid residues has a calculated
molecular weight of approximately 18 kDa, and bioinformatics
analysis reveals that amino acid residues 1-28, 64-89, 95-117,
and 134-157 represent four hydrophobic, potentially
membrane-spanning domains. Computer-predicted structural
domains of EMP-1 are partially mirrored by the exon/intron
structure of EMP-1. Most interestingly, exon 4, which covers
the potential second transmembrane domain, a small
intracellular loop, and half of the third transmembrane domain,
encodes the most highly conserved regions between the EMP1 and PMP22 proteins indicating some shared functional
significance for this module in the PMP22 family. Because of
the small size of the intracellular loops, it appears unlikely
that they are involved in specific interaction with intracellular
proteins and therefore in intracellular signaling. In contrast,
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the extracellular loops would be able to interact with other
molecules and could have functional significance. Furthermore,
the first hydrophilic region of PMP22/EMPs, between the first
and second hydrophobic domains, forms an extracellular loop
that contains one or more consensus sequences that can be Nlinked glycosylated in vitro, a structure which has been
implicated in cell-cell recognition and adhesion processes[4,24].
In conclusion, the study of the gene expression changes
sustains cellular finding that the inhibition of cell proliferation
after enforcing expression of EMP-1 associates with the
induction of S phase shorten and the prolonged G1 phase. The
expression profile and localization of EMP-1 suggests a role
in cell signaling, adhesion and communication. This is the first
demonstration of global gene expression analysis of esophageal
cancer cell line EC9706 transfectant with EMP-1, and these
results provides a new insight in the study of the relationship
between EMP-1 and esophageal cancer.
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Abstract
AIM: To investigate the distribution of neuropeptideimmunoreactive nerve fibers in esophageal and cardiac
carcinoma as well as their relationship with tumor cells so
as to explore if there is nerve innervation in esophageal and
cardiac carcinoma.
METHODS: Esophageal and cardiac carcinoma specimens
were collected from surgical operation. One part of them
were fixed immediately with 4 % paraformaldehyde and
then cut with a cryostat into 40-µm-thick sections to perform
immunohistochemical analysis. Antibodies of ten kinds of
neuropeptide including calcitonin gene-related peptide
(CGRP), galanin (GAL), substance P (SP), etc. were used
for immunostaining of nerve fibers. The other part of the
tumor specimens were cut into little blocks (1 mm3) and cocultured with chick embryo dorsal root ganglia (DRG) to
investigate if the tumor blocks could induce the neurons of
DRG to extend processes, so as to probe into the possible
reasons for the nerve fibers growing into tumors.
RESULTS: Substantial amounts of neuropeptide including
GAL-, NPY-, SP-immunoreactive nerve bundles and scattered
nerve fibers were distributed in esophageal and cardiac
carcinomas. The scattered nerve fibers waved their way among
tumor cells and contacted with tumor cells closely. Some of
them even encircled tumor cells. There were many varicosities
aligned on the nerve fibers like beads. They were also closely
related to tumor cells. In the co-culture group, about 63 %
and 67 % of DRG co-cultured with esophageal and cardiac
tumor blocks respectively extended enormous processes,
especially on the side adjacent to the tumor, whereas in the
control group (without tumor blocks), no processes grew out.
CONCLUSION: Esophageal and cardiac carcinomas may
be innervated by peptidergic nerve fibers, and they can
induce neurons of DRG to extend processes in vitro.
Lü SH, Zhou Y, Que HP, Liu SJ. Peptidergic innervation of human
esophageal and cardiac carcinoma.World J Gastroenterol 2003;
9(3): 399-403
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INTRODUCTION
The problem about the innervation of tumors was noticed as

early as 50 years ago. Though many authors at that time studied
this problem and some obtained affirmative results, the ultimate
conclusion made by authoritative pathologist[1] was that there
was no innervation in tumor. And this theory was been
generally accepted since then.
However, because of the involvement of mental factors in
the genesis and development of tumors, the studies on the
relationship between nerve and tumor never stopped. Some
authors[2,3] claimed their findings of nerve fibers in tumors,
and some others[4] studied the perineural invasion by carcinoma
cells. In our previous investigations, we also observed many
scattered nerve fibers in meningioma and cardiac cancer, which
was closely related to tumor cells. In addition, accumulated
data[5-7] show that neuropeptides are involved in the regulation
of the growth of tumors. Considering these new advancements,
we decided to study the distribution of neuropeptide-containing
nerve fibers in esophageal and cardiac carcinomas as well as
their relationship with tumors so as to find some new proofs
about tumor innervation.

MATERIALS AND METHODS
Reagents
Antibodies of ten kinds of neuropeptide were obtained from
Sigma, Chemicon or Bohringmanham Companies. Their
working dilutions are listed in Table 1. ABC kit was obtained
from Vector Company.
Table 1 Antibodies of neuropeptides and their work dilution
Antibody
CGRP
GAL
SP
NT
SOM
CCK
L-ENK
Dyn
NPY
M-ENK

Working dilution
1:8 000
1:8 000
1:5 000
1:4 000
1:8 000
1:4 000
1:5 000
1:4 000
1:6 000
1:6 000

CGRP: Calcitonin gene-related peptide, GAL: Galanin, SP:
Substance P, NT: Neurotensin, SOM: Somatostatin, CCK:
Cholecystokinin, L-ENK: Leu-enkephalin, Dyn: Dynorphine,
NPY:Neuropeptide Y, M-ENK: Met-enkephalin.

Specimens
The surgical tumor specimens were collected from the
Affiliated Cancer Hospital of Beijing University and the
General Hospital of People’s Liberation Army. Clinical and
pathological diagnoses confirmed that the esophageal
carcinoma specimens were squamous cell carcinomas and
cardiac carcinoma specimens were adenocarcinomas. In our
preliminary investigations, we found that the probability to
find neuropeptide immunoreactive nerve fibers was decreased
in large tumors, only tumors with diameter under 3 cm were
selected for the present study. Totally, 16 cases of esophageal
carcinoma and 13 cardiac carcinoma specimens were used.
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After rinsed in saline, one part of the tissue were fixed
immediately by immersing in 4 % paraformaldehyde in 0.01
M PBS (pH 7.4) for 10 hrs at 4 and then in PBS containing
30 % sucrose to stay overnight. The specimens were then cut
with a cryostat (JUNG 2700, America) into 40-µm-thick
sections for immunohistochemical analysis. The other part of
the specimens were collected into DMEM containing 1 000U/
ml penicillin and streptomycin for co-culture experiment.

Immunohistochemistry
Immunohistochemical reactions were carried out according to
the avidin-biotinylated peroxidase complex method (ABC) as
previously reported[8]. Briefly, the tumor sections were incubated
at room temperature for 30 min in 1.2 % H2O2 (v/v) solution to
quench endogenous peroxidase activity. After washed with PBS
for 10 min×3, they were incubated with 0.3 % Triton X-100
and then moved into antibodies of neuropeptides (diluted by PBS
containing 1 % BSA) for 24-48 hrs at 4 . The sections were
then incubated in biotin-conjugated IgG (diluted in PBS, 1:200)
for 2.5hrs at room temperature and washed for 30 min by three
changes of PBS, followed by incubation with the streptavidinperoxidase complex for 2.5 hrs. The reaction product was
detected with 3’-diaminobenzidine tetrahydrochloride (DAB,
Sigma). Nerve fibers containing the neuropeptides were
identified by the presence of dark black color. Thereafter, part
of the sections were counterstained with neutral red and
dehydrated in graded ethanol before mounted.
Negative controls were made either by omitting the specific
neuropeptide antibodies or by replacing them with non-immune
goat serum to assess the nonspecific adsorption of secondary
antibodies.
Co-culture of tumor blocks with DRG
Tumor blocks were co-cultured with DRG according to the
method of reference[9]. Totally, 10 specimens of the esophageal
and cardiac carcinoma respectively were used for co-culture.
DRG were isolated from E8-10 chick embryo (obtained from
Chinese Academy of Agricultural & Science) and seeded into
24-well plate coated with poly-L-lysine 30 min before coculture. Tumor specimens were cut into 1 mm3 blocks to coculture with DRG at a distance of 1.5-2 mm. Each well had
one tumor block and one ganglion. Each specimen was cocultured for 12 wells. They were then incubated at 37 with
7.5 % CO2 for 4hrs to attach. After that, DMEM without any
serum was added into the wells. In the control group, DRG
were cultured without tumor blocks in the same medium as in
the experimental group. There were 10 wells of DRG cultured
as control for each case of tumor specimens. The co-cultures
were observed under a phase-contrast microscope (IX70,
OLYMPUS) 24hrs later and the DRG with processes outgrowth
were counted for statistical analysis.
Statistical analysis
The completely randomized design t test was used to analyze
for statistical significance. The P values less than 0.05 were
considered as significantly different.
RESULTS
Distribution of neuropeptide-immunoreactive nerve fibers in
tumor and their relationship with tumor cells
Under light microscope, substantial amounts of many kinds
of neuropeptide-immunoreactive nerve bundles and scattered
nerve fibers were observed in both esophageal and cardiac
carcinomas. Many of them were distributed around blood
vessels and in the connective tissues. But more importantly, a
lot of scattered nerve fibers were distributed among tumor cells
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(Figures 1-6). In this study, only those areas with neuropeptide
immunoreactive nerve fibers scattered among tumor cells were
specified as positive. Distribution of positive nerve fibers in
tumor was scored as 0 to 3+. The tumor sections with >2/3
positive area were scored as +++, 1/3-2/3 positive area were
++ and <1/3 positive area were + (Table 2). The frequency of
neuropeptides-containing nerve fibers varied among individual
tumor specimens. In some cases, the positive nerve fibers were
numerous around blood vessels and in the parenchyma, while
in others there were only a few fibers running along blood
vessels. Relatively, in tumors with good differentiation, the
frequency of positive nerve fibers was a little higher than in
those with poor differentiation. To a great extent, the
distribution pattern and frequency were similar in esophageal
and cardiac carcinomas. GAL- and NPY-immunoreactive
nerve fibers were numerous in the parenchyma in the both
carcinomas, whereas CCK- and SOM-immunoreactive nerve
fibers were scarce. No NT-immunoreactive nerve fibers could
be detected. In the sections of the negative control group, no
immunoreactive nerve fibers were observed.
Table 2 Distribution of neuropeptide-immunoreactive nerve
fibers in tumors
Antibodies
CGRP
GAL
SP
NT
SOM
CCK
L-ENK
Dyn
NPY
M-ENK

Cardiac cancer (n=13)

Esophageal cancer (n=16)

+++

++

+

+++

++

+

0
2
1
0
0
0
1
2
2
3

2
6
5
0
3
0
3
3
5
3

2
4
1
0
3
1
1
5
3
2

0
3
2
0
0
0
0
0
1
0

2
7
5
0
3
0
3
8
6
5

2
4
5
0
6
3
7
1
6
7

The scattered nerve fibers were mainly derived from either
the nerve bundles or the connective tissues around (Figure 1).
Wherever they came from, they had a common distribution
pattern of extending toward the inside of the parenchyma of
tumors. Most of the nerve fibers had varicosities aligned on
them like beads (Figures 2, 5). Nerve fibers and their
varicosities waved their way among tumor cells. Sometimes
they were found entering into tumor convergently from the
connective tissue around (Figures 3, 4), or extending fine
branches into the nest formed by carcinoma cells (Figure 6).
They contacted with tumor cells closely; some of them even
encircled tumor cells (Figure 2).

Outgrowth of processes of DRG in co-cultured group
After incubation for 24-48hr, most of the DRG in the co-culture
group extended their processes longer than their diameter
(Table 3, Figure 7). Interestingly, the processes were distributed
around DRG asymmetrically (Figure 7). On the sides adjacent
to tumor blocks, they were dense and long, whereas on the
opposite sides, they were sparse and short, or no processes at
all. In the control group, no DRG extended their processes.
Table 3 Outgrowth of processes of DRG co-cultured with tumor blocks
Tumor group
Esophageal
Cardiac
Control
a

DRG with
processes (n)

DRG without
processes (n)

Rate of DRG with
processes (x±s)

28
29
63

0.63±0.10a
0.67±0.09a
0

49
60
0

P<0.0001 vs the control group

Lü SH et al. Nerve innervation of tumors
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Figure 1 GAL-immunostaining of esophageal carcinoma. Scattered nerve fibers (arrows) branched almost vertically from
nerve bundles in connective tissue and entered into tumor
parenchyma ×250.

Figure 5 Section of Cardiac adenocarcinoma immunostained
for GAL. Many immunoreactive nerve fibers with beads-like
varicosities distributed in the parenchyma of tumor ×500.

Figure 2 L-ENK-immunoreactive nerve fibers in esophageal
carcinoma. The fine nerve fiber (arrow) with varicosities on it
encircled a tumor cell and contacted with it closely ×500.

Figure 6 GAL-immunoreactive nerve fibers extended into
nestlike cancerous tissue formed by cardiac adenocarcinoma
cells. The scattered nerve fibers contacted with tumor cells
closely ×500.
T

T

T

G

Figure 3 GAL-immunostaining of esophageal carcinoma.
Many nerve fibers entered into a nestlike cancerous tissue (T)
convergently from collective tissue around it. The structure on
the top right corner was amplified in Figure 4 ×125.
G

Figure 7 Montage photographs showing the effects of esophageal (a) and cardiac (b) carcinoma tissue block (T) on co-cultured DRG (G). On the side adjacent to tumor, DRG extending
long and dense processes whereas on the opposite side, the processes are sparse and short (b), or no processes at all (a) ×125.

Figure 4 Higher magnification of the part on the top right in
Fig.3. GAL- immunoreactive nerve fibers entered into esophageal carcinoma from peripheral areas ×250.

DISCUSSION
Previous studies[10-12] have shown that the esophagus is richly
supplied with neuropeptidergic nerves. In the present study,
the neuropeptide-immunoreactive nerves fibers in the
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esophageal and cardiac carcinomas seem to have roughly the
same topographic distribution as those in the normal digestive
tract in that GAL-, NPY-, ENK- and SP-containing nerves
fibers predominate in esophagus and stomach, whereas SOM-,
NT-containing nerves fibers predominate in intestine[13]. These
neuropeptides have very important functions [14-16] on the
physiological activities of digestive system such as the motility,
secretion, etc. Recently, there are more and more evidences
showing that neuropeptides can also affect the growth and
differentiation of tumors[17-20]. But since there are endocrine cells
in gastrointestinal wall, it is difficult to distinguish if the
neuropeptides come from endocrine cells or nerve terminals[21-22].
Therefore, to some extent, the findings of scattered neuropeptidescontaining nerve fibers in tumor will help us understand the
mechanisms of neuropeptides affecting tumors.
On the other hand, the findings about the distributions of
nerve fibers in esophageal and cardiac carcinomas and their
close relationship with tumor cells provided a new viewpoint
about the innervation of tumors. In a previous report[2], the
single adrenergic and NPY-containing nerve fibers were found
distributed in the parenchyma of human parathyroid adenomas,
but most of them were located in the perivascular space. And
no detailed descriptions of their relationship with tumor cells
are available. With regard to the perineural invasion by
carcinomas[3,4], it was usually considered to be one of the
important routes of tumor dissemination and could not be called
innervation. In 2001, some Germen researchers[23] observed
nerve fibers within an adenoma of the ciliary body epithelium
of the eye. Under a transmission electron microscope, a small
number of fine unmyelinated nerve fibers were found
containing clear and dense core vesicles in tumors. Recently,
they examined the exophytic tumors of the urinary bladder
and human choroidal melanoma[24,25], and also found irregularly
distributed fine nerve strands comprised of axons; hence they
concluded that tumors may be innervated. In this regard, they
happened to have the same view with us. In this study, we
found many scattered nerve fibers not only around blood
vessels, but also in the parenchyma of tumors and among tumor
cells. Although we did not find specific structure of synapse
under electron microscope, these scattered nerve fibers with
their beads-like varicosities attached with tumor cells so closely
that we can reasonably deduce that they must have important
effects on tumor cells, because varicosities are considered
containing vesicles and can form synapse-like structures, and
will release neuropeptides or other neurotransmitters in their
vesicles when stimulated properly. These results suggest that
esophageal and cardiac carcinomas may be innervated by
peptidergic nerve fibers. Together with previous studies, we
suggest that it is necessary to investigate the validity of the old
theory about the innervation of tumor.
Why do we get the results that the previously published
data did not? We think we have the following advantages: (1)
we used frozen sections to facilitate the preservation of the
antigen; (2) we used immunohistochemical ABC method to
examine the immunoreactive nerve fibers, which is more
sensitive than old methods. (3) Neuropeptides-containing nerve
fibers are widely distributed in digestive tract from esophagus
to the anal sphincter, which provide the possibility for nerve
fibers to grow into tumors.
In order to understand how the nerve fibers grow into
tumors, we performed co-culture experiment to investigate if
tumors had the ability to induce neurons to extend their
processes. Our results affirmed this possibility. The neurons
of DRG extended processes and the processes on the side
adjacent to tumor blocks were dense and long, suggesting that
the esophageal and cardiac carcinoma tissues may secrete
neurotrophic factors, which are important for the extending of
neuronal processes. The SDS electrophoresis (data not shown)
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of the tumor-conditioned medium confirmed this assumption
and demonstrated that one of them was NGF. Many kinds of
tumors have been found secrete NGF, BDNF, NT-3, etc[26-28].
NGF high-affinity receptor TrkA was also found to exist in
esophageal carcinoma[29]. Therefore, it is possible that these
neurotrophic factors in esophageal and cardiac carcinoma
tissues act on the neurons in enteric nervous system and induce
their fibers to grow into tumors. Or they may exert their
neurotrophic functions by helping the injured nerve trunks in
tumors regenerate and sprout new nerve fibers. These nerve
fibers would extend along with the direction of the diffusion of
the neurotrophic factors[30] and therefore enter into the tumors.
The functional role of these neuropeptide-containing nerve
fibers in esophageal and cardiac carcinoma is not clear. The
morphological observation indicated that nerve fibers and their
varicosities were in close contact with the tumor cells. This
would suggest a role of nerve terminals in the regulation of
tumor growth and/or differentiation, which is consistent with
the function of neuropeptides on tumors. This might partly
explain why mental factors could affect the tumorgenesis and
tumor development.
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Abstract
AIM: To further characterize the possible relationship
between the molecular changes and prognosis of ESC and
to elucidate the possible mechanisms involved.
METHODS: 114 specimens of ESC were collected from
Linzhou city, and all patients were followed up for more
than 5 years after resection. Histopathological analysis and
immunohistochemical staining (ABC) were employed to
detect the alteration of MUC1.
RESULTS: The positive immunostaining rate for MUC1 was
79 % (90/114), and the high-expression rate was 63 %
(72/114). The mean survival periods (months) of those with
high- and low-expression rates of MUC1 were 41 (95 % CI:
35, 47) and 52 (95 % CI: 45, 59), respectively. Patients in
the low-expression group obviously survived longer than
those in high-expression group, and the difference was
significant (P<0.05). The expression of MUC1 protein in the
esophageal carcinoma specimens with metastasis was
stronger than those without metastasis, the difference was
also significant (P<0.05). The stepwise multivariate analysis
showed that “differentiation”, “expression of MUC1” and
“TNM staging” were the most important factors affecting
the prognosis of esophageal carcinoma patients (P<0.05).
CONCLUSION: A good correlation between the alteration
of MUC1 and the regional lymph node metastasis was
observed. Furthermore, high-expression of MUC1 was
associated with poor prognosis for esophageal cancer
patients. These results indicated that MUC1 is a promising
biomarker for predicting lymph node metastasis and
prognosis in esophageal cancer.
Song ZB, Gao SS, Yi XN, Li YJ, Wang QM, Zhuang ZH, Wang
LD. Expression of MUC1 in esophageal squamous-cell carcinoma
and its relationship with prognosis of patients from Linzhou
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INTRODUCTION
Esophageal squamous-cell carcinoma (ESC) is one of the most
common malignant diseases in northern China, and Linzhou
city (formerly Linxian) had being the highest incidence area[1, 2].
The five-year survival rate for early esophageal cancer patients
is more than 90 %. However, for the patients at late or advanced
stage, the five year survival rate is only 10-15 %[1,2]. So far, the
conventional traditional prognostic markers, such as cancer
stage based on metastasis and pathological grade are still used
to evaluate the prognosis of esophageal cancer patients. But, it
has been well recognized that there is discordance between
the conventional prognosis biomarkers and the actual
prognosis. For example the patients with well differentiated
cancer may have a worse prognosis than those with poorly
differentiated ones, indicating the limitation of those markers
for predicating.
With the development of molecular biotechnology, many
new measurements have been applied in cancer prognosis
research. Studies on ESC prognosis have been expanded in
recent years; however, the molecular mechanisms involved in
prognosis of esophageal cancer, especially the survival analysis
on whom from high-incidence area of esophageal carcinoma
was very limited. We followed up the ESC patients from
Linzhou city and determined the alteration of MUC1 expression
and its relationship to the prognosis, to further characterize
the possible relationship between them so as to elucidate the
possible mechanisms of ESC carcinogenesis, and to determine
the alteration of MUC1 and prognosis with histopathological
and immunohistochemical methods.
MATERIALS AND METHODS
Patients
One hundred and fourteen patients with ESC, who had
undergone esophagectomy at the Esophageal Carcinoma
Hospital of Linzhou City between 1993 and 1996 were enrolled
in this study. All the patients were local residents of Linzhou
city and had not received radiation therapy or chemotherapy
prior to the surgery. There were 67 men and 49 women. The
mean age was 53.5±8.1 (range 37-72) years for males and
53.6±7.8 (range 40-69) years for females, respectively. All
specimens were confirmed by pathology as ESC.
Follow-up
All patients were followed up until March 2001, at which the
patients had survived for more than 5 years or died within that
period after surgical treatment. 57 patients survived less than
5 years died of recurrence or metastasis.
Tissues processing
All tumor specimens were fixed with formalin and embedded
with paraffin. Each block was sectioned serially at 5 um, one
of which was stained with hematoxylin and eosin for
histopathological analysis by two pathologists and the others
were used for immunostaining.
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Histopathological analysis
Histopathological diagnoses were made according to the
previously established criteria[3].

MUC1 protein in the ESC specimens with metastasis was
obviously stronger than those without metastasis, and the
difference was significant (P<0.05, Table 2).

Immunohistochemical staining
Anti-MUC1 antibody was a mouse monoclonal anti-serum
directed at a hexapeptide in the tandem repeat region of the
protein core of MUC1 (clone Ma552; Novocastra, Burlingame,
CA), which was kindly provided by Dr. Yongqin Li (College
of Medicine, Harvard University). The avidin-biotinperoxidase complex (ABC) method was used for MUC1
immunostaining. In brief, after dewaxing, quenching
endogenous peroxidase activity with 3 % H2O2, and blocking
cross-reactivity with normal serum (Vectastain Elite Kit;
Vector, Burlingame, CA), the tissues were incubated overnight
at 4
with primary antibodies (1:400 for MUC1). Location
of the primary antibodies was achieved by subsequent use of a
biotinylated anti-primary antibody, an avidin-biotin complex
conjugated to horseradish peroxidase, and 3’,5’diaminobenzidine (Vectasitain Elite Kit). Normal serum
blocking and omission of the primary antibody were used as
negative controls.

Table 1 Survival analysis of high-expression and low-expression of MUC1 in ESC

Statistical analysis
Chi-squared test was performed to evaluate the relevance of
regional lymph node metastasis and expression of MUC1
protein, Kaplan-Meier was used for survival analysis, and
multivariate analysis for screening prognostic factors. The
significant difference was considered when the P value was
less than 0.05.
RESULTS
Results of follow up
Among the follow up of 114 ESC patients followed up, 33 %
(33/114) survived 5 years, 50 % (57/114) died within 5 years
after surgical treatment and 17 % (20/114) cases were censored
during the follow-up.
Expression of MUC1 and its relationship with survival of ESC
Among the 114 surgically resected ESC specimens examined,
the positive immunostaining for MUC1 was observed in 90
cases (78.9 %), and high-expression was seen in 72 cases
(63.2 %) and low-expression was in 42 cases (36.8 %). The
mean survival period (months) and 95 % confidence interval
of esophageal carcinoma patients with high- and lowexpression of MUC1 were 41(35, 47) and 52(45, 59),
respectively. Patients in the low-expression group obviously
survived longer than those in high-expression group, and the
difference was significant (P<0.05, Table 1 and Figure 1).
Relationship between the expression of MUC1 and regional
lymph node metastasis
According to the status of the regional lymph nodes with or
without metastasis, all specimens were divided into two groups,
with metastasis and without metastasis. The expression of

No. of specimens
examined

Low-expression
High-expression
Total

No. of death

42
72
114

17
40
57

Mean survival period
(month) x (95% CI*)

52(45, 59)
41(35, 47)

*: Confidence Interval; Log-rank: χ2=5.11, P=0.0238.
Table 2 Relationship between the expression of MUC1 and
regional lymph node metastasis
Group

No. of specimens
examined

Without metastasis
With Metastasis
Total

77
37
114

Expression of MUC1 protein
- n(%)

+ n(%)

++ n(%)

+++ n(%)

19(24.7)
0(0)
19

29(37.7)
4(10.8)
33

7(9.1)
5(13.5)
12

22(28.5)
28(75.7)
50

Chi-squared test: χ2=27.4693, P<0.05.
Survival periods

1.1
1.0
0.9
Cum survival

Evaluation of immunostaining
Clear cytoplasm and cell membrane staining was the criterion
for a positive reaction. The staining was graded by the
percentage of positively stained neoplastic cells as follows: -,
<5 %; +, 5-50 %; ++, >50 % of the neoplastic cells stained.
For statistical analysis, the examined cases were divided into
2 groups: the low-expression group, composed of the “-” and
“+” groups (less than 50 % of neoplastic cells stained) and the
high-expression group, the “++” group (over 50 % of the
neoplastic cells stained)[4].

Expression
of MUC1

0.8
0.7

MUC1
HE
HE-censored
LE
LE-censored

0.6
0.5
0.4
0.3

0 10 20 30 40 50 60 70 80
Time (months)

Figure 1 Comparison of survival period between high-expression and low-expression of MUC1 in ESC. HE: High-expression;
LE: Low-expression.

Cox model analysis
Ten parameterss, including sex, age, invading depth, regional
lymph node metastasis, metastasis of other organs, TNM stage,
differentiation and MUC1, were used as independent variables,
survival periods of ESC patients were used as dependent
variables, and all variables were ranked into Cox model analysis
(Table 3). The stepwise multivariate analysis showed that
“differentiation”, “expression of MUC1” and “TNM staging”,
were the most important factors affecting the prognosis of ESC
patients (P<0.05), RR values for each parameter were 2.2382,
1.9409 and 1.8621, respectively (Table 4).
Table 3 All factors employed by Cox regression model
Factors

Variable

Sex
Age
Invading depth

X1
X2
X3

Regional lymph
node metastasis
Distant metastasis
TNM stage
Differentiation

X4

X5
X6
X7
Expression of MUC1 X8

0=male, 1=female
0=<45 years, 1=45~55 years, 2=>55 years
0=lamina propria or submucosa, 1=muscularis
propria, 2=adventitia, 3=adjacent structures
0=no, 1=yes
0=no, 1=yes
0=0, 1=I, 2=II, 3=III, 4=IV
0=high, 2=moderate, 3=low
0=low, 1=high
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Table 4 Results of Cox model stepwise regression analysis
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Standard
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X6
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DISCUSSION
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prognosis factor[13, 14].
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inhibits cell-cell adhesion, inducing a release of cells from
tumor nests. Thus, MUC1 expression may be related to
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down-regulate the expression of E-cadherin, which is a
calcium-dependent adhesion molecule, functioning in the cellcell adhesion, while the low-expression of E-cadherin increased
the invading ability of tumor cells[20-22]. Our previous studies
found that MUC1 was expressed in 50 primary ESC cells and
the metastasized cancer cells of the matched lymph nodes. In
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immunostaining between primary tumor and its matching
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coincidence of negative immunostaining was observed only
in 2 cases (1.0 %)[23]. It therefore indicated that the expression
of MUC1 might play an important role in the invasion or
metastasis of ESC cells, which might be one of the mechanisms
involving in poor prognosis. But a discordant view was held
by Japanese authors who argued that the expression of MUC1
was not significantly associated with metastasis of human
esophageal carcinomas[24]. Further study is still necessary.
Considering the complexity in cancer, it is difficult to define
it useful prognostic and predictive factors[25-28]. In the present
study, we use multivariate analytic method for screening the
prognostic factors in combination with clinical data. The
stepwise multivariate analysis shows that “differentiation”,
“expression of MUC1” and “TNM staging” are the most
important factors affecting the prognosis of ESC patients (P
<0.05), our findings also indicate that high expression of MUC1
is related to poor prognosis of ESC.
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Abstract
AIM: To investigate the apoptosis in esophageal cancer cells
induced by resveratrol, and the relation between this
apoptosis and expression of Bcl-2 and Bax.
METHODS: In in vitro experiments, MTT assay was used
to determine the cell growth inhibitory rate. Transmission
electron microscope and TUNEL staining method were used
to quantitatively and qualitively detect the apoptosis status
of esophageal cancer cell line EC-9706 before and after the
resveratrol treatment. Immunohistochemical staining was
used to detect the expression of apoptosis-regulated gene
Bcl-2 and Bax.
RESULTS: Resveratrol inhibited the growth of esophageal
cancer cell line EC-9706 in a dose-and time-dependent
manner. Resveratrol induced EC-9706 cells to undergo
apoptosis with typically apoptotic characteristics, including
morphological changes of chromatin condensation, chromatin
crescent formation, nucleus fragmentation and apoptotic
body formation. TUNEL assay showed that after the
treatment of EC-9706 cells with resveratrol (10 mmol·L-1)
for 24 to 96 hours, the AIs were apparently increased with
treated time (P<0.05). Immunohistochemical staining
showed that after the treatment of EC-9706 cells with
resveratrol (10 mmol·L-1) for 24 to 96 hours, the PRs of Bcl-2
proteins were apparently reduced with treated time (P<0.05)
and the PRs of Bax proteins were apparently increased with
treated time (P<0.05).
CONCLUSION: Resveratrol is able to induce the apoptosis
in esophageal cancer. This apoptosis may be mediated by
down-regulating the apoptosis-regulated gene Bcl-2 and upregulating the expression of apoptosis-regulated gene bax.
Zhou HB, Yan Y, Sun YN, Zhu JR. Resveratrol induces apoptosis
in human esophageal carcinoma cells. World J Gastroenterol
2003; 9(3): 408-411
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INTRODUCTION
The Bcl-2 family plays a crucial role in the control of apoptosis.
The family includes a number of proteins which have
homologous amino acid sequence, including anti-apoptotic
members such as Bcl-2 and Bcl-xL, as well as pro-apoptotic
members including Bax and Bad. In in vitro experiments,
overexpression of Bcl-2 has been shown to inhibit apoptosis,

but overexpression of Bax has been shown to promote apoptosis.
Resveratrol, a phytoalexin found in grapes, fruits, and root
extracts of the weed Polygonum cuspidatum, is an important
constituent of Chinese folk medicine. Indirect evidence
suggests that the presence of resveratrol in white and rose wine
may be helpful to reduce risks of coronary heart disease which
would be achieved by moderate wine consumption. This effect
has been attributed to the inhibition of platelet aggregation and
coagulation, in addition to the antioxidant and antiinflammatory activity of resveratrol. Moreover, a recent report
shows that resveratrol is a potent cancer chemopreventive agent
in three major stages of carcinogenesis. The anti-tumor activity
of resveratrol might be related to induce the apoptosis of tumor
cells but the precise mechanism of antitumor activity is not
well understood.

MATERIALS AND METHODS
Materials
Resveratrol and MTT were obtained from Sigma Chemical
Co. Ltd. In situ cell detection kit, anti-Bcl-2 monoclonal
antibody and anti-Bax monoclonal antibody were purchased
from Beijing Zhongshan biotechnology Co. Ltd. Stock solution
of resveratrol was made in dimethylsulfoxide (DMSO) at a
concentration of 100 mmol·L-1. Working dilutions were directly
made in the cell culture medium. Human esophageal carcinoma
cell line EC-9706 was obtained from Professor Ming-Rong
Wang in Chinese Scientific Academy.
Methods
Cell culture EC-9706 cells were incubated in RPMI 1640
supplemented with 100 ml·L-1 fetal bovine serum, 100 kU·L-1
penicillin, 100 mg·L-1 streptomycin and 2 mmol·L-1 L-glutamine
under 50 ml·L-1 CO2 in a humidified incubator at 37 . EC9706 cells were incubated for different time periods in the
presence of resveratrol at 0.1, 1, 10 and 100 mmol·L-1.
MTT assay 1×105 cells/well in a 96-well plate after incubation
for 24 hours were treated with different concentrations of
resveratrol (0.1, 1, 10, 100 mmol·L-1)for 24, 48, 72, 96 hours
respectively. 10 µL of 5 g·L-1 of MTT was added to the medium
in three wells at every dose and incubated for 4 hours at 37 .
Culture media were discarded followed by adding 0.2 ml
DMSO and vibrating for 10 minutes. The absorbance (OD)
was measured at 570 nm using a microplate reader. The cell
growth inhibitory rate was calculated as follows: [(OD of
control group -OD of experimental group)/(OD of control
group-OD of blank group)]×100 %.
Transmission electron microscopy Cells treated with 10
mmol·L-1 resveratrol were harvested after incubation for 24
hours. Subsequently the cells were fixed in 4 % glutaral and
immersed with Epon 821, imbedded for 72 hours at 60 , the
cells were prepared into ultrathin section (60 nm) and stained
with uranyl acetate and lead citrate. Cell morphology was
observed by transmission electron microscopy.
TUNEL assay Apoptosis of EC-9706 cells was evaluated by
using an in situ cell detection kit. The cells were treated in the
presence or absence of 10 mmol·L-1 resveratrol for 24 to 96
hours and fixed in ice-colded 80 % ethanol for up to 24 hours,
treated with proteinase K and then 0.3 % H2O2, labeled with
fluorescein dUTP in a humid box for 1 hour at 37 . The cells
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were then combined with POD-Horseradish peroxidase,
colorized with DAB and counterstained with methyl green.
Controls were received the same management except the labeling
of omission of fluorescein dUTP. Cells were visualized with
light microscope. The apoptotic index (AI) was calculated as
follows: AI=(Number of apoptotic cells/Total number)×100 %.
Immunohistochemical staining Immunohistochemical
staining was done by an avidinbiotin technique. EC-9706 cells
treated in the presence or absence of 10 mmol·L-1 resveratrol
for 24 to 96 hours were grew six-well glass slides and were
fixed by acetone. After washing in PBS, the cells were
incubated in 0.3 % H2O2 solution at room temperature for 5
minutes. The cells were then incubated with anti-Bcl-2 or antiBax monoclonal antibody at a 1:300 dilution at 4 overnight.
After washing in PBS, the second antibody, biotinylated antirat
Ig G, was added and the cells were incubated at room
temperature for 1 hour. After washing in PBS, ABC compound
was added and then incubated at room temperature for 10
minutes. DAB was used as the chromagen. After ten minutes,
the brown color signifying the presence of antigen bound to
antibodies was detected by light microscopy and photographed
at ×200. Controls were managed the same as the experimental
group except the incubation of the primary antibody. The
positive rate (PR) was calculated as follows: PR=(Number of
positive cells/Total number)×100 %.

Figure 1 TUNEL assay of apoptotic cells induced by resveratrol
with (×200).

Statistical analysis
Datas were analyzed by the paired two-tailed Student t test,
and significance was considered when P<0.05.
RESULTS
MTT assay
EC-9706 cells were exposed to increasing concentrations
(0.1 mmol·L-1 to 100 mmol·L-1) of resveratrol for 24 to 96
hours, respectively. EC-9706 cells showed the mortality in a
dose- and time-dependent manner. The data were summarised
in Table 1.

Figure 2 Immunohistochemical staining of the expression of
Bcl-2 (×200).

Table 1 The inhibitory effect of resveratrol on EC-9706 cells
Time(h)

Inhibitory rate(%)
RPMI-1640

Resveratrol (mmol.L-1)
0.1

1

24

0.0

9.2a

48

0.0

17.1

72

0.0

23.9b

96

0.0

36.6

a

b

b

10

100

18.4b

21.8b

34.4b

21.3

36.7

b

45.5b

37.5b

48.6b

59.9b

45.7

56.6

88.8

b

b

b

b

P<0.01, bP<0.001 vs the control group.

Morphological changes
After treatment of EC-9706 cells with resveratrol (10 mmol·L-1)
for 24 hours, some cells appeared apoptotic characteristics
including chromatin condensation, appearance of chromatin
crescent, nucleus fragmentation and of formation apoptotic
body which could be seen by transmission electron microscope.
TUNEL assay
Apoptotic cell death was determined by TUNEL assay
according to the manufacture’s instructions. Positive staining
located in the nucleus (Figure 1). After treatment with
resveratrol (10 mmol·L -1)for 24 to 96 hours, AIs were
apparently increased with treated time (P<0.05) (Table 2).

Figure 3 Immunohistochemical staining of the expression of
Bax (×200).
Table 2 Apoptotic Index (AI) of treated EC-9706 cells by resveratrol
Time(h)
0
24
48
72
96
a

AI(%)
1.46±2.51
4.96±2.67a
16.64±1.87a
27.94±3.32b
37.46±3.96b

P<0.05, bP<0.01 vs the control group.

Expression of Bcl-2 proteins
Positive staining located in the cytoplasm (Figure 2). After
treatment with resveratrol (10 mmol·L-1)for 24 to 96 hours,
PRs of Bcl-2 proteins were apparently reduced with treated

410

ISSN 1007-9327

CN 14-1219/ R

time (P<0.05) (Table 3). This suggested that resveratrol could
down-regulate the expression of Bcl-2.

Expression of bax proteins
Positive staining located in the cytoplasm (Figure 3). After
treatment with resveratrol (10 mmol·L-1)for 24 to 96 hours,
PRs of Bax proteins were apparently increased with treated
time (P<0.05) (Table 4). This suggested that resveratrol could
up-regulate the expression of Bax.
Table 3 Positive rate of Bcl-2 on treated EC-9706 cells by resveratrol
Time (h)

35.64±3.95
20.50±2.79a
10.76±2.46a
6.82±1.78b
3.88±1.24b

1
2

3
4
5

P<0.05, P<0.01 vs the control group.

Time(h)

PR(%)

0
24
48
72
96

10.66±2.26
19.68±2.67a
30.77±3.76a
41.56±6.14a
59.96±5.34a

a

REFERENCES

b

Table 4 Positive rate of Bax on treated EC-9706 cells by resveratrol

6
7

8

P<0.01 vs the control group.
9

DISCUSSION
Currently, only few chemotherapeutic drugs take effect in the
treatment of human primary esophageal carcinoma and it
clearly need to look for new anti-esophageal carcinoma drugs.
Resveratrol, a polyphenol found in various fruits and vegetables
and is rich in grapes. The root extracts of the weed Polygonum
cuspidatum, an important constituent of Chinese folk medicine,
is also an ample source of resveratrol[1,2]. Several studys in last
several years have shown that resveratrol have cardioprective
and chemopreventive effects[3-5]. This constituent may account
for the reduced risk of coronary heart disease in humans which
may be achieved by moderate wine consumption[6]. Resveratrol
is able to inhibit the growth of a wide variety of tumor cells,
including leukemic, prostate, breast and hepatic cells[7-11]. The
anti-tumor activity of resveratrol might be related to the
induction of tumor apoptosis of tumor cells[12-22].
The Bcl-2 family plays a crucial role in the control of
apoptosis. The family includes a number of proteins which
have homologous amino acid sequences, including antiapoptotic members such as Bcl-2 and Bcl-xL, as well as proapoptotic members including Bax and Bad[23-26]. Overpression
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Conversely, Overpression of antiapoptotic proteins such as Bcl2 will repress the function of Bax[32-36]. Thus, the ratio of Bcl2 / Bax appears to be a critical determinant of a cell’s threshold
for undergoing apoptosis[37].
In this study resveratrol could reduce Bcl-2 expression and
improve Bcl-2 expression. The ratio of Bcl-2 /Bax was decreased
when EC-9706 cells were treated with resveratrol. The decreased
ratio could triggered the apoptosis of EC-9706 cells.
Our results demonstrated resveratrol is able to induce the
apoptosis in esophageal cancer. This apoptosis may be
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mediated by down-regulating the expression of apoptosisregulated gene Bcl-2 and up-regulating the expression of
apoptosis-regulated gene Bax. Resveratrol may be potentially
used as a chemotherapeutic drug in the anti-esophageal
carcinoma chemptherapy.
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Abstract
AIM: To probe into the genetic susceptibility of HLA-DRB1
alleles to esophageal carcinoma in Han Chinese in Hubei
Province.
METHODS: HLA-DRB1 allele polymorphisms were typed
by polymerase chain reaction with sequence-specific primers
(PCR-SSP) in 42 unrelated patients with esophageal cancer
and 136 unrelated normal control subjects and the associated
HLA-DRB1 allele was measured by nucleotide sequence
analysis with PCR.SAS software was used in statistics.
RESULTS: Allele frequency (AF) of HLA-DRB1*0901 was
significantly higher in esophageal carcinoma patients than
that in the normal controls (0.2500 vs 0.1397, P=0.028, the
odds ratio 2.053, etiologic fraction 0.1282). After analyzed
the allele nucleotide sequence of HLA-DRB1*0901 which
approachs to the corresponded exon 2 sequence of the allele
in genebank. There was no association between patients
and controls in the rested HLA-DRB1 alleles.
CONCLUSION: HLA-DRB1*0901 allele is more common in
the patients with esophageal carcinoma than in the healthy
controls, which is positively associated with the patients of
Hubei Han Chinese. Individuals carrying HLA-DRB1*0901
may be susceptible to esophageal carcinoma.
Lin J, Deng CS, Sun J, Zheng XG, Huang X, Zhou Y, Xiong P,
Wang YP. HLA-DRB1 allele polymorphisms in genetic
susceptibility to esophageal carcinoma. World J Gastroenterol
2003; 9(3): 412-416
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INTRODUCTION
The major histocompatibility complex (MHC) refers to as
human leukocyte antigen (HLA). The loss of HLA antigens
by neoplastic cells is considered important for tumor growth
and metastasis[1-3]. Since tumor neoantigens on the surface of
aberrant cells are recognized by T-cells only in the context of
the HLA “self” antigens, loss of the HLA antigens may allow
the tumors to escape immunosurveillance[4]. HLA system is a

kind of genetic marker of human being, and the most
complicated human genetic polymorphic system with
hereditary features of haplotype inheritance and allele
polymorphism and linkage disequilibrium. It played an
important role in the event of antigen recongnition and
presentation, immune response and modulation, destroying
foreign antigen targeted cells. The alleles of the HLA system
control a variety of immune functions and influence the
susceptibility to more than 40 diseases, many of which have
an autoimmune component [5-17], esophageal cancer is a
complex, probably multifactorial disease[18-41]. Association of
a particular HLA allele with a disease implies that the frequency
of the allele is different in the patient population as compared
with that of an ethnically matched control population. However,
there has been no report on the association between HLA alleles
and esophageal carcinoma.
In this study, we used polymerase chain reaction with
sequence-specific primers (PCR-SSP) and DNA sequence
analysis techniques on HLA-DRB1 alleles typing to investigate
the genetic susceptibility of HLA allele polymorphisms in
esophageal carcinoma of Hubei Han Chinese. This may be
beneficial to the early prevention and surveillance,thus setting
up gene therapy basis for esophageal carcinoma.

MATERIALS AND METHODS
Subjects
Included in our study were healthy controls and patients with
esophageal carcinoma. The control group consists of one
hundred and thirty-six unrelated donors or healthy individuals
by physical examination, including 62 men and 74 women,
ranging 22-48 years, in age, with a mean of 36±6 years. The
esophageal carcinoma group includes forty-two unrelated
patients with esophageal squamous cell carcinoma, 35 men
and 7 women, ranging in age 41-80 years,with a mean age of
60±5 years,who were evaluated endoscopically and surgically.
And all were tested by histopathology at Zhongnan Hospital
of Wuhan University, between August 1998 and June 1999.
DNA extraction
Genomic DNA was isolated from leukocytes obtained from
anticoagulated peripheral blood of patients and controls using
the salting-out procedure [5,42,43], or QIAamp Blood Kit
(QIAGEM GmbH, Germany) with which DNA was obtained
through solid phase affinity columns.
HLA-DRB1 alleles PCR-SSP typing
For HLA-DRB1 “low solution” typing by PCR-SSP, 23
separate PCR reactions were performed for each sample. PCRSSP typed system: each PCR reaction mixture contained 2-4
allele- or group-specific -DRB1 primers and the internal
positive control primer pair. Allele sequence specific primers
(2pmol), designed on the basis of published sequences[43-45],
were used in multiple amplification reaction. HLA-DRB1
alleles PCR-SSP typed system consisted of 60 ng genomic
DNA, 0.5 U Taq DNA polymerase (Ampli Taq ® DNA
polymerase, Roche Diagnostic System, Inc. USA), 20 µmol
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each deoxyadenosine triphosphate (dATP), deoxycytidine
triphosphate (dCTP), deoxyguanosine triphosphate (dGTP),
deoxythymidine triphosphate (dTTP), 10 mmol/L Tris-HCl
pH8.3, 50 mmol·L-1 KCl (kalium chloride), 1.5 mmol·L-1 MgCl2
(magnesium chloride). PCR amplifications were carried out
in PTC-100 thermal cycler (MJ Research, Inc, USA) according
to the method of Olerup et al[5,42,43]. Initial denaturation was made
at 94 for 5 min; with 30 cycles each consisting of denaturation
at 94 for 30 s, annealing at 65 for 1 min and extension at
72 for 1 min. The HLA-DRB1 alleles typed vizualization of
amplification was observed using medium resolution PCR-SSP
products by 20 g·L-1 gels agarose(Boehringer Mannhein GmbH,
Germany) electrophoresis. The gels were run for 20 min at 15
V·cm-1 in 0.5xTBE buffer and visualized using UV illumination
and keeping file copies in computer.

Positive control, false negative allele
The most common form of individual PCR reaction failure is
where random individual reactions fail to produce allele or
control bands. This occurred on average in 1 % of all PCRSSP amplification. In each PCR reaction, a pair primers were
included which specifically amplify the exon 2 of HLA-DRB1
alleles. These two primers matched non-allelic sequences and
thus functioned as an internal positive amplification control.
We used human growth hormone gene as a intra-positive
control, in which primer[5] is 5’-primer, 21 mer, 5’ GCC TTC
CCA ACC ATT CCC TTA 3’, Tm64 ; 3’-primer, 22 mer,
5’ TCA CGG ATT TCT GTT GTG TTT C 3’,terminal
concentration 0.15 µmol·L -1,product 429 base pair (bp)
fragment. Control failure is not a problem if the genotype
obtained is heterozygous for all alleles and the type is
unequivocal. Homozygous samples, in which the control failed,
normally would require typing with a new DNA sample once
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again. Individual false negative allele amplifications where the
control amplification worked but an expected allele was not
amplified, did occur, the same be required repeated typing.

DNA sequence analysis of PCR-SSP products
Specific PCR-SSP products of amplification were obtained
from agarose gels electrophoresis, then purified with glassmilk
kit (Clontech Laboratories, Inc, USA) , and the base sequence
was examined by PCR sequence analysis with ABI prism 310
(Perkin-Elmer, USA) with the addition of a terminal
deoxytransferase extension step at the end of the chain
termination reaction.
Statistical analysis
SAS (6.12 for Win), including χ2 analysis or Fisher’s Exact
Test,was used to compare the allele frequency (AF) of HLADRB1 between the patients with esophageal carcinoma and
the controls.
RESULTS
HLA-DRB1*0901 was present at increased frequency in
patients with esophageal squamous cell carcinoma, 0.2500 vs
0.1397, P=0.028, odds ratio 2.053, etiologic fraction 0.1282
(Table 1). The rested HLA-DRB1 alleles frequencies showed
no significant difference in comparison between patients and
the controls, i.e., there was positive association between HLADRB1*0901 and the patients of Hubei Hans. The HLADRB1*0901 nucleotide sequence, was analyzed in this study,
approachs to the corresponded exon 2 of the allele sequence
in genebank. Esophageal carcinoma was associated with HLA
genotype: individuals carrying HLA-DRB1*0901 may be
susceptibilitive to esophageal carcinoma in Hubei Hans.

Table 1 HLA-DRB1 allele frequencies in esophageal cancer patients of Hubei Han Chinese
HLA-DRB1 allels

0101-2

Control group

Esophageal cancer group

N1

AF(n1=272)

PF(n2=136)%

N2

AF(n1=84)

PF(n2=42)%

P

13

0.0478

9.5588

2

0.0238

4.7619

0103

0

0.0000

0.0000

0

0.0000

0.0000

150X

46

0.1691

32.3529

9

0.1071

21.4286

>0.05

160X

9

0.0331

6.6176

3

0.0356

7.1429

>0.05

0301

19

0.0699

13.9706

6

0.0714

14.2857

>0.05

0302

2

0.0074

1.4706

0

0.0000

0.0000

>0.05

040X

30

0.1103

20.5882

12

0.1429

26.1905

>0.05

0701-2

13

0.0478

9.5588

3

0.0357

7.1429

>0.05

080X

22

0.0809

15.4412

4

0.0476

9.5238

>0.05

0901

38

0.1397

26.4706

21

0.2500

45.2400

0.028*

1001

11

0.0404

7.3529

2

0.0238

4.7619

>0.05

110X

18

0.0662

12.5000

7

0.0833

16.6667

>0.05

120X

17

0.0625

12.5000

11

0.1310

26.1905

>0.05

1301-2

15

0.0551

11.0294

1

0.0119

2.3810

>0.05

1303-4

4

0.0147

2.9412

0

0.0000

0.0000

>0.05

1305

1

0.0037

0.7353

0

0.0000

0.0000

>0.05

0

0.0000

0.0000

0

0.0000

0.0000

15

0.0551

11.0294

3

0.0357

0.0357

1305-6
140X

AF: allele frequence, PF: phenotype frequence;
P: Fisher,s exact test (2-tail) or χ2, compared with the control with AF;
*Odds ratio=2.053, etiologic fraction=0.12820.

>0.05

>0.05
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DISCUSSION
Familial aggregation of esophageal cancer is common. There
is an approximate increase in abnormal chromosome ratio of
this cancerous relatives as compared with the general
population,although the inheritance patterns clearly fit no
simple Mendelian patterns. However, the illness may exist in
the same family at a higher frequency than expected by chance
alone [5,24-27]. This suggests that there may be an internal
environment susceptible to malignant and a genetic component
in the patients’ families,which supports the concept that
heredity may play an important role in the pathogenesis of
esophageal cancer[2, 9, 46-53].
Major histocompatibility complex (MHC) is a genetic name
describing alleles encoding antigens first discovered because
they determine in a major way the fate of a graft, i.e.,
histocompatibility. In many species, the MHC has an additional
name such as HLA for humans, H-2 for mice, SLA for swine,
etc. The HLA alleles are located in a 3 500-4 000 kilobase region
of chromosome 6; and the allele encoding β2-microglobulin, a
related protein in the system, is on chromosome 15. The major
classes of HLA alleles are class I (HLA-A, -B, and -C) and
class II (HLA-DR, -DQ, and -DP).Between the class I and II
alleles, there are many other alleles, some with immune-related
functions that could also be associated with diseases,tumor
necrosis factor A and B genes being among them. Class II
HLA presents peptides derived from extracellular antigens.
The HLA polymorphism appears to be responsible for
variations in the immune response of different individuals to
different antigens, and may contribute to the susceptibility to
diseases and autoimmune disorders[5,15-17]. The loss of HLA
antigens by neoplastic cells is considered important to tumor
growth and metastasis, and for tumor escape immune
surveillance. HLA class I molecules are required for the
presentation of tumor neoantigens to cytotoxic T-lymphocytes.
There is evidence that tumor cells with reduced expression or
lack of such antigens could evade an immune response and
selected for tumor progression. It can be considered that either
extensive abnormalities in the regulation of the HLA alleles
occurred or substantial chromosomal damage took place in
the short arm of chromosome 6, where the human HLA allele
complex is located. It was demonstrated that oncogenes may
suppress the expression of HLA class I alleles, such as the
activation of oncogenes or the inactivation of suppressorgenes[50,54-56]. The data presented here demonstrate that HLADRB1*0901 AF increased in the patients with esophageal cancer
compared with that in healthy controls (0.2500 vs 0.1397,
P=0.028, OR=2.053, EF=0.1282), but none of the rested HLADRB1 alleles occurred at markedly altered frequency between
the patients and the normal individuals we investigated,
indicating that HLA-DRB1*0901 is positively associated with
esophageal cancer.
The nucleotide sequence of HLA-DRB1*0901 allele which
was measured in our research approachs to the corrsponded
exon 2 gene sequence of genebank [44,45]. The AF of HLADRB1*0901 was also increased in both Japanese patients with
lung cancer and prostate cancer. It is the allele that is associated
with genetic susceptibility of various tumors,but why? It was
entirely unclear up to now. Pathogenesis of genetic association
may be linkage disequilibrium (nonrandom association) and/
or changing in the recognized procession of the specific antigen.
It is still controversial whether or not HLA antigen
expression in carcinomas correlates with the development of
carcinoma and prognosis. The immune responses involving
HLA antigens expressed on carcinoma cells are thought to play
an important role in eliminating mutated cells or suppressing
carcinoma progression[51-53,57-59]. As reported in some studies,
the reduced expression of HLA antigens in malignant tissues
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has been proposed as a mechanism thereby tumor-associated
proteins cannot be presented in the T cells, therefore the tumor
cell proliferates are unperturbed by the immune system and
carcinomas protect themselves from hosts’ immunosurveillance.
There is a possibility that HLA allele genetic association and
expression on carcinoma may provide a clue to the
understanding of the therapeutic mechanisms of biological
response modifiers or immunotherapy which may cut through
the induction of HLA antigens on carcinoma cells[56,60-63]. The
cells of a given individual may express HLA alleles, which
altered binding to tumor peptides, thereby leading to a modified
immune response to the tumor. Identification of the mechanism
associating HLA-DRB1*0901 with esophageal cancer could
ultimately help target individuals most likely to benefit from
cancer screening and prevention programs, and could facilitate
novel therapeutic strategies for cancer immunoprevention .
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Abstract
AIM: To study the difference of gene expression between
esophageal carcinoma and its pericancerous epithelium and
to screen novel associated genes in the early stage of
esophageal carcinogenesis by cDNA microarray.
METHODS: Total RNA was extracted with the original single
step way from esophageal carcinoma, its pericancerous
epithelial tissue and normal esophageal epithelium far from
the tumor. The cDNA retro-transcribed from equal quantity
of mRNA was labeled with Cy5 and Cy3 fluorescence
functioning as probes. The mixed probes were hybridized
with two pieces of BioDoor 4 096 double dot human whole
gene chip. Fluorescence signals were scanned by ScanArray
3 000 laser scanner and farther analyzed by ImaGene 3.0
software with the digital computer.
RESULTS: (1) A total of 135 genes were screened out, in
which 85 and 50 genes whose the gene expression levels
(fluorescence intensity) in esophageal carcinoma were more
than 2 times and less than 0.5 times respectively compared
with the normal esophageal epithelium. (2) There were also
total 31 genes, among then 27 and 4 whose expressions in
pericancerous tissue were 2-fold up-regulated and 0.5-fold
down-regulated respectively compared with normal
esophageal epithelium. (3) There were 13 genes appeared
simultaneously in both pericancerous epithelium and
esophageal carcinoma, while another 18 genes existed in
pericancerous epithelium only.
CONCLUSION: With the parallel comparison among these
three gene profiles, it was shown that (1). A total of 135
genes, Whose expression difference manifested as
fluorescence intensity were more than 2 times between
esophageal carcinoma and normal esophageal epithelium,
were probably related to the occurrence and development
of the esophageal carcinoma. (2). The 31 genes showing
expression difference more than 2 times between
pericancerous and normal esophageal epithelium might be
relate to the promotion of esophageal pericancerosis and
its progress. The present study illustrated that by using the
gene chip to detect the difference of gene expression profiles

might be of benefit to the gene diagnosis, treatment and
prevention of esophageal carcinoma.
Xu SH, Qian LJ, Mou HZ, Zhu CH, Zhou XM, Liu XL, Chen Y,
Bao WY. Difference of gene expression profiles between
esophageal carcinoma and its pericancerous epithelium by gene
chip. World J Gastroenterol 2003; 9(3): 417-422
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INTRODUCTION
The differentially expressed genes in different specimens may
be detected with parallel analysis by gene chips which has greatly
improved the traditional experiment in that only a single or
several genes expression can be observed for each test. More
and more cDNA microarray methods are applied nowadays in
the study of gene expression. In this paper, gene chip technique
was used to analysis the difference of gene expression patterns
between the esophageal carcinoma, its pericancerous tissue and
normal epithelium of esophagus, in order to explore the tumorassociated gene-clusters and their functions in the process of
occurrence and development of esophageal carcinoma, which
will be helpful to understand comprehensively the molecular
mechanism of cell transformation and provide molecular markers
and target genes for clinical diagnosis, prevention, susceptibility
forecast and treatment of esophageal carcinoma.
MATERIALS AND METHODS
Materials
All the tissue specimens including esophageal carcinoma, its
pericancerous epithelium and normal epithelium of esophagus
that serves as control were taken from 11 patients being operated
in our hospital from July 17 to September 7,2000. For each
sample, one part was cut to be frozen in liquid nitrogen
immediately after surgical resection, and the other part was used
for histopathological examination to ensure all the pericancerous
and control esophageal epithelia without cancer cells but with
their corresponding histological appearance. The clinical and
pathological data of these patients were show in Table 1.
Methods
Chip preparation Four thousand and ninety six target cDNA
clones used in cDNA chip were provided by United Gene Ltd.
and cooperative fellows. These genes were amplified with PCR
using universal primers and then purified with standard method.
The quality of PCR was monitored by agarose electrophoresis.
The obtained genes were dissolved in 3×SSC spotting solution
and then spotted on silylated slides (Telechem. Inc) by
Cartesian 7 500 spotting Robotics (Cartesian, Inc). Each target
gene was dotted twice. After spotting, the slides were hydrated
(2 h) and dried (0.5 h, room temperature.). The samples were
cross-linked with UV light and treated with 0.2 % SDS, H2O
and 0.2 % NaNBH4 for 10 min respectively. Then the slides
were dried in cold condition and ready for use.
Probe preparation Total sample RNA was extracted by single
step method[1]. Briefly, after taking out from liquid Nitrogen
specimens were ground completely into tiny powder while
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adding liquid Nitrogen in ceramic mortar and then
homogenized in D solution plus 1 % mercaptoethanol. After
centrifugation, the supernatant was extracted with phenol:
chloroform (1:1), NaAC and acidic phenol: chloroform (5:1)
respectively. The aqueous phase was precipitated by equal
volume of isopropanol and centrifuged. The precipitate was
dissolved with Millie-Q H2O. After further purification by LiCl
precipitating method obtained RNA sample was demenstrated,
good in quality with UV analysis and electrophoresis. mRNAs
were isolated and purified with Oligotex mRNA Midi Kit
(Quagen, Inc.). The fluorescent-labeled cDNA probe was
prepared through retro-transcription, referring to the method
of Schena[2]. The probes from normal epithelium were labeled
with Cy3-dUTP, while those from cancer tissue and
pericancerous epithelium with Cy5-dUTP respectively. The
probes were mixed (Cy3-dUTP control + Cy5-dUTP
esophageal carcinoma, Cy3-dUTP control + Cy5-dUTP
pericancerous epithelium) and precipitated by ethanol, and then
resolved in 20 µl hybridization solution (5×SSC + 0.2 % SDS).
Hybridization and washing Probes and chip were denatured
respectively in 95
bath for 5 min, then the probes were
added on the chip. They were hybridized in sealed chamber at
60 for 15 - 17 h and washed in turn with solutions of 2×SSC
+ 0.2 % SDS, 0.1×SSC + 0.2 % SDS and 0.1 % SSC 10 min
each, then dried at room temperature.
Fluorescent scanning and results analysis The chip was read
by Scan Array 3 000 Scanner (General Scanning Inc). The
overall intensities of Cy3 and Cy5 were normalized and
corrected by a coefficient according to the ratios of the located
40 housekeeping genes. The acquired image was further
analyzed by ImeGene 3.0 Software with digital computer to
obtain the intensities of fluorescent signals and the Cy3/Cy5
ratio. The data were taken on an average of the two repeated
spots. The differentially expressed gene were defined as: (1)
The absolute value of the Cy5/Cy3 natural logarithm was more
than 0.69 (the variation of gene expression was more than 2fold). (2) Either Cy3 or Cy5 signal value was required for more
than 600. (3) The PCR results were satisfactory.

RESULTS
Scatter-plot of hybridization signals on gene chip
The scatter plot that was plotted with Cy3 and Cy5 fluorescent
signal values displayed a quite disperses pattern in distribution.
Most of spots gathered around a 45º diagonal line, in which blue
spots represented the area where the signal intensities varied
between 0.5 to 2- fold compared with that of the control. Some
red spots distributed beyond or far from 45° diagonal line were
indicated the existence of abnormal gene expression in esophageal
carcinoma and in pericancerous epithelium. Their signal intesities
were 2 times more than that of the control. (Figure 1 A and B).
Results and gene expression pattern by scanning analysis
The fluorescent scanning profile of gene expression was
showed in Figure 2 A and B.
cDNA probes that labeled with Cy3 from control epithelium
and that labeled with Cy5 from esophageal carcinoma or that
labeled with Cy5 from pericancerous epithelium were
hybridized through microarray. Hybridization results were
obtained in parallel by comparing with these sample gene
expression patterns demonstrated. In carcinoma tissues, A total
of 41 genes were found having expression variations more
than three times from the normal control, the up-and downregulated genes were 28 and 13 respectively (Table 2). There
were also 135 genes that manifested expression variations more
than two times from the control and the up-and down-regulated
genes were 85 and 50 respectively. Besides, there were nine
genes found in the esophageal carcinoma having not been
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recorded in genbank. Their functions remain to be studied.
In pericancerous epithelia there were 31 genes found having
expression variations more than two times from the control,
the up-and down-regulated genes were 27 and 4 respectively.
These genes might be divided into 16 groups (Table 3)
according to their functions.

There were 13 genes appeared simultaneously in both
pericancerous epithelium and esophageal carcinoma, while
another 18 genes were found in pericancerous epithelium only
(Table 4).
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Figure 1 The scatter plots of gene expression pattern. (A)
Carcinoma; (B) Pericancerous epithelium.

Cy3 image normal

Cy5 image carcinoma

Cy3 image normal

Cy5 image pericancerous

Figure 2 Scanning results of hybridizing signals on gene chip.
(A) Carcinoma and the control epithelium; (B) Pericancerous
and the control epithelium.
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Table 1 Clinical and pathological data of 11 cases with esophageal carcinoma
No. of in-P

Name

Sex

Age

Pathological diagnosis

Lymph metastasis

106811

Xu_

F

65

106850

Xu _

F

58

106839

Yu _

M

60

107001

Zhou _

M

53

107151

Wang_

M

42

107326

Gu _

M

51

107546

Zhao_

F

63

107564

Lu_

M

61

107146

Chen_

F

65

107527

Xu_

M

49

107531

Guan_

M

56

Middle esophageal, marrow type, well-middle d.
Scc, exterior layer invasion with tumor embolus
Middle esophageal, marrow type, Poor d. Scc with
Exterior layer invasion
Middle-inferior esophageal, marrow type, well-middle d.
Scc, exterior layer invasion with tumor embolus
Middle esophageal, ulcer type, middle d. Scc,
Exterior layer invasion with tumor embolus
Middle-up esophageal, marrow type, middle d.
Scc with exterior layer invasion
Middle- inferior esophageal, marrow type,
Middle-Poor d. Scc with exterior layer invasion
Middle- inferior esophageal, ulcer type, wellMiddle d. Scc with shallow muscle layer invasion
Middle- inferior esophageal, marrow type,
Middle d. Scc with deep muscle layer invasion
Superior esophageal, ulcer type, well d.
Scc with exterior layer invasion
Inferior esophageal, ulcer type, middle d.
Scc with shallow muscle layer invasion
Middle esophageal, marrow type, middle d.
Scc with deep muscle layer invasion

Clinical stage

0/18

II

1/8

III

0/26

II

4/19

III

0/8

II

2/14

III

0/15

II

1/32

III

0/17

II

1/18

III

0/26

II

d.: differentiated Scc: squamous cell carcinoma.
Table 2 Genes with expression difference > 3 or < 0.33 on average ratio between esophageal carcinoma and normal epithelium
Genbank-ID
hsu67963
Hslimdp
4505166
d87451
hsy15409
hsu16996
hsu30255
4504714
ab002349
humpai2
hsu73824
hsa132270
Humorfkg1f
s74452
hspros27
Hstrr
Humprion
hshr21spa
AB00109S14
hsranbp1
Hsxprf
humcd3621
Humsparc
Humhcamap3
Humprofii
5729755
Hsrnasmg
Humpgc
hstop2a10
hsu09559
humcol1a42
hsinta6r
d86983
hsu26555
hspgp95
af052124
Humcolva
humca1xia
Hscalbr11
hsu50078
Hsop

Fcf

Gene name

R1

R2

AR

8

Human lysophospholipase homolog(HU-K5)mRNA, complete cds.
H.sapiens mRNA for ZNF185 gene.

15
11
12
12

Human mRNA for KIAA0262gene,complete cds
Homo sapiens mRNA for putative glucose 6-phosphate translocase.
Human protein tyrosine phosphatase mRNA, complete cds.
Human phosphogluconate dehydrogenase (hPGDH) gene, complete cds.

15
13

Human mRNA for KIAA0351 gene, complete cds.
Human placental plasminogen activator inhibitor mRNA, complete cds.
Human p97 mRNA, complete cds.
Homo sapiens mRNA for integral type I protein p24B (p26).
Human mRNA for KIAA0058 gene,complete cds.
Cyclin B1{promoter region}[human,cervical carcinoma cell line, HeLa cells,Genomic, 351 nt].
H.sapiens PROS-27 mRNA.
Human mRNA for transferrin receptor.
Homo sapiens mRNA for prion protein, complete cds.
H.sapiens mRNA for protein involved in DNA double-strand break repair.
Homo sapiens gene for H-cadherin, exon 14 and complete cds.
H.sapiens mRNA for RanBP1.
Homo sapiens mRNA for putative transcription factor XPRF.
Human antigen CD36 (clone 21) mRNA, complete cds.
Human SPARC/osteonectin mRNA, complete cds.
Human gene for hepatitis C-associated microtubular aggregate protein p44, exon 4.
Human profilin II mRNA, complete cds.

0.11
0.15
0.13
0.13
0.28
0.31
0.29
0.47
0.14
0.28
0.30
0.31
0.31
3.21
3.29
2.70
3.07
2.29
2.95
3.98
3.35
3.28
2.87
3.72
3.07
2.35
2.91
3.67
4.02
3.75
4.37
3.28
4.71
6.93
5.66
11.77
7.64
6.75
6.72
12.28
20.23

0.16
0.23
0.26
0.31
0.23
0.26
0.30
0.16
0.50
0.35
0.34
0.34
0.36
2.79
2.85
3.48
3.19
4.01
3.50
2.57
3.38
3.54
3.96
3.30
4.07
4.88
4.57
3.91
3.76
4.03
3.69
5.43
4.84
5.91
7.54
4.63
10.17
12.07
12.17
17.11
20.22

0.14
0.19
0.19
0.22
0.25
0.29
0.29
0.31
0.32
0.32
0.32
0.33
0.33
3.00
3.07
3.09
3.13
3.15
3.23
3.27
3.37
3.41
3.42
3.51
3.57
3.61
3.74
3.79
3.89
3.89
4.03
4.35
4.78
6.42
6.60
8.20
8.91
9.41
9.45
14.70
20.23

2
11
3
10
10
15
13
11
11
8
11
5
5
5
13
5
8
14
11
15
13
15
15
8
5

H.sapiens mRNA for Sm protein G.
Human chondroitin sulfate proteoglycan core protein mRNA, 3' end.
Homo sapiens topoisomerase II alpha (TOP2A) gene,exons 34 and 35,and complete cds.
Human Rch1 (RCH1) mRNA, complete cds.
Human alpha-1 collagen type IV gene, exon 52.
Human mRNA for integrin alpha 6.
Human mRNA for KIAA0230 gene, partial cds.
Human versican V2 core protein precursor splice-variant mRNA, complete cds.
Human mRNA for protein gene product (PGP) 9.5.
Homo sapiens clone 23810 osteopontin mRNA, complete cds.
Human alpha-2 type V collagen gene, 3' end.
Human alpha-1 type XI collagen (COL11A1) mRNA, complete cds.
Human mRNA for 27-kDa calbindin.
Human guanine nucleotide exchange factor p532 mRNA, complete cds.
Human mRNA for osteopontin.

Fcf: function classification average ratio >3: up regulation average ratio <0.33: down regulation; R1: the first ratio; R2: the second
ratio; AR: R1+R2 average ratio.
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Table 3 Function classification for genes showing expression differences in esophageal carcinoma and pericancerous epithelium
that were >2 or <0.5 fold from the control tissue
Gene function classification
1
Proto-oncogenes and tumor suppression genes
2
Cell signals and transducing proteins
3
Cell cycle proteins
4
Extra-pressure reaction proteins
5
Cell regulatory proteins
6
Cell apoptosis related proteins
7
DNA synthesis, repair and recombinant proteins
8
DNA binding, transcription and its factor
9
Cell receptors
10 Cell surface antigen and adhesion proteins
11 Ion-channel and transporters
12 Metabolism-related proteins
13 Protein synthesis-related genes
14 Development-related genes
15 Other genes
16 New genes
Total

Carcinoma/normal

Pericancerous/normal

N

>2

<0.5

N

>2

<0.5

2
3
6
1
7
1
3
6
0
10
24
21
14
1
27
9
135

1
2
5
0
7
1
3
4
0
8
14
10
7
1
18
4
85

1
1
1
1
0
0
0
2
0
2
10
11
7
0
9
5
50

0
3
0
0
3
1
0
1
0
4
2
6
2
2
7
0
31

0
3
0
0
3
0
0
1
0
4
2
4
1
2
7
0
27

0
0
0
0
0
1
0
0
0
0
0
2
1
0
0
0
4

Table 4 Genes showing expression difference between the esophageal carcinoma and pericancerous epithelium
Genbank-ID

Fcf

Gene name

PR

TR

Hscalbr
af052124
Hsinta6r
Humprofii
Humhcamap3
hum927a
Hstrr
hsu50078
Humtfrr
hsu30255
hsu05684
Hsop
Hspgp95
hsu46571
Humrsc390
hcox4gn

11
15
11
5
5
10
10
8
10
12
2
5
13
13
6
12

Human mRNA for 27-kDa calbindin.
Homo sapiens clone 23810 osteopontin mRNA, complete cds.
Human mRNA for integrin alpha 6.
Human profilin II mRNA, complete cds.
Human gene for hepatitis C-associated microtubular aggregate protein p44, exon 4.
Human interferon-inducible protein 9-27 mRNA, complete cds.
Human mRNA for transferrin receptor.
Human guanine nucleotide exchange factor p532 mRNA, complete cds.
Human transferrin receptor mRNA, complete cds.
Human phosphogluconate dehydrogenase(hPGDH)gene, complete cds.
Homo sapiens dihydrodiol dehydrogenase mRNA, complete cds.
Human mRNA for osteopontin.
Human mRNA for protein gene product (PGP) 9.5.
Human tetratricopeptide repeat protein (tpr2) mRNA, complete cds.
Human mRNA for KIAA0018gene, complete cds.
Homo sapiens hypothetical protein (COX4AL) gene, partial cds, and cytochromec
oxidase subunit IV precursor (COX4) gene, complete cds.
Human mRNA for KIAA0175 gene, complete cds.
Homo sapiens IGSF4 gene, exon 10 and complete cds.
H.sapiens mRNA for novel gene in Xq28 region.
Human mRNA for 56-KDa protein induced by interferon.
Homo sapiens mitochondrial processing peptidase beta-subunit mRNA, complete cds.
Homo sapiens clone 25237mRNA sequence.
Homo sapiens clone 23876 neuronal olfactomedin-related ER
localized protein mRNA, partial cds.
Homo sapiens (clone S240ii117/zap112) mRNA, complete cds.
Homo sapiens chromosome 1p33-p34 beta-1,4-galactosyltransferase mRNA, complete cds.
Homo sapiens mRNA for KM-102-derived reductase-like factor,complete cds.
Human dihydrodiol dehydrogenase mRNA, complete cds.
Homo sapiens CD6 ligand (ALCAM) mRNA, complete cds.
Human neuronal olfactomedin-related ER localized protein mRNA,partial cds.
Homo sapiens mRNA for gravin, complete cds. 3.65
Homo sapiens COP9 complex subunit 4 mRNA, complete cds. 5.96

2.91
5.34
2.93
2.50
2.79
2.43
3.76
18.7
3.51
0.48
3.75
37.1
19.4
0.41
0.44
0.47

9.45
8.20
4.35
3.57
3.51
2.92
3.09
14.7
2.81
0.29
2.31
20.2
6.60

d79997
ab01755s10
Hsnov
hsifi56r
af054182
af131818
af035301

12
15
2

Humorfi
af038660
d88687
hsu05598
Humalcam
hsu79299
ab003476
af100757

14
12
12
12
10
2
14
15

15
15

Fcf: function classification; TR: esophageal carcinoma average ratio; PR: pericancerous epithelium average ratio.

2.05
2.06
2.09
2.1
2.11
2.19
2.28
2.26
2.32
2.51
3.07
3.07
3.33
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DISCUSSION
Because of the occult characteristic esophageal carcinoma, one
of the most common malignant tumors in China, is difficult to
be diagnosed for a size of <2 cm tumor mass by using CT and
ultrasound. At present, almost most of the clinical cases are in
the late stage, with a five years survival rate of about 30 % only.
It is therefore necessary to explore new and efficacious diagnostic
method to detect esophageal carcinoma at the early stage.
The carcinogenesis is a process caused by abnormal
expression of tumor-associated genes or inactivation of tumor
suppression genes or both. Clarifying the gene expression
differences between the malignant and normal tissue is
therefore the key procedure for the cancer control study. With
the advances of molecular biological techniques, gene chip
has been used to detect gene expression difference in various
specimens by parallel analysis on a large scale[2-29]. Some papers
have also been published about the studying human esophageal
carcinoma by using gene chips[30-35]. However, a investigation
on the difference of gene expression profiles between
esophageal carcinoma and its paricancerous epithelium by gene
chip has not been reported yet.
In the present study the gene chip technique was employed
to analyze the difference of gene expression patterns in
esophageal carcinoma and its paricancerous epithelium as well
as their normal control. The results showed that: (1) There
were 135 genes with expression levels marked as fluorescence
intensity of more than 2 times or less that 0.5 times in
esophageal carcinoma compared with the normal esophageal
epithelium. It suggested these genes might well be related to
the occurrence and development of the esophageal carcinoma.
Xu et al[2] reported that the protein tyrosine phosphatase
(PTPase) the high and low metastatic human ovarian cancer
cell lines were down-regulated with a varied degree (0.64 and
0.27 respectively). PTPase was associated with the cell
signaling control, energy metabolism, proliferation and the
promotion of MHC-I antigen expression, mediated by
numerous hormones (such as epidermal growth factor, insulin,
insulin-like growth factor 1 and so on). The down-regulated
PTPase would decrease the antigen expression on the cell
surface, and result in the malignant cell escaping from the
immune surveillance. In the present study, the enzyme was
also down-regulated (0.29) in the esophageal carcinoma.
We found expression levels that of a variety of adhesion
protein genes such as collagen protein type IV (8.9), integrin
(4.45), calbindin protein (9.45) were increased, which
coincided with Yanagawa et al[16], Mori et al[24], Hippo et al[25]
and Kan et al[33] reported papers, inclusive of colorectal, gastric
and esophageal carcinomas. The increased adhesion protein
expression might associate with the invasiveness and metastasis
of cancer cells.
It has been demonstrated that in proliferous cells the activity
of topoisomerase II (TopoII) was rapidly increased from S
phase to the end of G2/M stage, which meant that the enzyme
might relate to the malignant transformation of the tumor cells.
Varis et al[22] and Hu et al[34] reported that TopoII expression
levels was obviously up-regulated in human gastric cancer and
esophageal squamous cell carcinoma. In our study the TopoII
expression was up- regulated as well (3.89).
Cell cycle-protein B1 was also found up-regulated in
esophageal carcinoma as Hu et al[34] have reported, which might
indicate that the malignant cells were in an abnormal
proliferative state.
(2) There were 31 genes with expression levels marked as
fluorescence intensity of more than 2 times or less that 0.5
times in pericancerous epithelium compared with normal
control. Although an abnormal appearance of pericancerous
epithelium was not found in the pathological examination, the
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gene expression however indicated that there were thirteen
genes expressed both in esophageal carcinoma and in
pericancerous epithelium. Among these, the expression levels
of 6 up-regulated genes in pericancerous epithelium were less
than that of the corresponding genes in esophageal carcinoma
and as for the other 6 up-regulated and 1 down-regulated genes,
the expression levels in the former was higher than that in the
latter. There were 18 genes appeared only in pericancerous
epithelium, which suggested that these genes were probable
related to the promotion and progression of carcinogenesis at
the early stage of esophageal carcinoma.
The application of gene chip technique was a revolution
of research method in life science. Our experiment illustrated
that the detection of gene expression difference between
malignant and normal tissue by gene chip might provide a
new direction for diagnosis, therapy and prevention of human
esophageal carcinoma.
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Abstract
AIM: To study methylation, frequencies of homozygous
deletion and mutation of p16 gene in gastric carcinoma.
METHODS: The methylation pattern in exon 1 and exon 2
of p16 gene was studied with polymerase chain reaction
(PCR), using methylation sensitive restriction endonuclease
HpaII and methylation insensitive restriction endonuclease
MspI. PCR technique was used to detect homozygous
deletions of exon 1 and exon 2 of p16 gene and single
strand conformation polymorphism (SSCP) technique was
used to detect the mutation of the gene.
RESULTS: Hypermethylation changes in exon 1 and exon
2 of p16 gene were observed in 25 % and 45 % of 20
gastric cancer tissues, respectively, while no methylation
abnormality was found in normal tissues. The homozygous
deletion frequency of exon 1 and exon 2 of p16 gene in 20
gastric cancer tissues was 20 % and 10 %, respectively. No
mutation was found in exon 1 of p16 gene, while abnormal
single strands were found in 2 (10 %) cases in exon 2 as
detected by SSCP.
CONCLUSION: The results suggest that hypermethylation
and abnormality of p16 gene may play a key role in the
progress of gastric cancer. Hypermethylation of exon 2 of
p16 gene may have effects on the carcinogenesis of gastric
mucosa and may be a later event.
Ding Y, Le XP, Zhang QX, Du P. Methylation and mutation
analysis of p16 gene in gastric cancer. World J Gastroenterol
2003; 9(3): 423-426
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INTRODUCTION
DNA methylation abnormality could influence gene
transcription directly, and it could also cause the abnormal
gene expression through the C T mutation induced by
deamination of 5’ methyl cytosine (5 mC)[1]. In the eukaryote,
5 mC mainly appears in the CpG sequence of genome, and it
is the site in which p16 gene mutation occurr frequently[2].
Highly frequent homozygous deletion, mutation and abnormal
methylation of p16 gene exhibit in many kinds of carcinoma[3-9].
In China, studies on p16 gene methylation abnormality and

deletion, mutation in gastric carcinoma have scarcely been
reported. In this paper, restriction endonuclease-polymerase
chain reaction (PCR) and single strand conformation
polymorphism (SSCP) techniques were used to detect the CpG
methylation and mutation in exon 1 and 2 of p16 gene. The
biological siginificance of p16 gene and its methylation
abnormality in the development and progress of gastric
carcinoma were discussed.

MATERIALS AND METHODS
Specimens
20 specimens of gastric carcinoma and their corresponding
adjacent normal-appearing gastric tissue were collected from
the First and Second Affiliated Hospital of Medical College
of Zhengzhou University and frozen in liquid nitrogen in 30
min. All the specimens were pathologically diagnosed and
without radio or chemical therapy before operation.
Analysis of methylation
Tissue DNA was extracted by normal phenol-chloroform
method. DNA samples were treated with HpaII and MspI.
Primers were synthesized by Shanghai Cell Biology Research
Institute of China Scientific Institute and purified with PAGE.
The primers of p16 exon 1 (E1): 5’-GAA GAA AGA GGA
GGG GCT G-3’; 5’-GCG CTA CCT GAT TCC AAT TC-3’;
the primers of exon 2 (E2): 5’-CAC AAG CTT CCT TTC
CGT CAT G-3’, 5’-TCT GAG CTT TGG AAG CTC TCA
GG -3’. The length of amplified fragments was 336bp and
424bp respectively. The parameter of PCR cycle was: 92
60 s, 60
(renaturing temperature of E2 was 58.5 ) 60 s,
71
90 s. After 24 cycles, the reaction system was thermal
for 10 min. 8 µl of PCR products were
retarded at 71
electrophoresized on 20 g/L agarose gel. After the
electrophoresis, the gel was visualized under ultraviolet and
photographed.
PCR-SSCP
The primers were the same as mentioned above. The parameter
of PCR cycle was: 91.5
60 s, 61.5
(E1) or 59.5 (E2)
60 s, 70.5
90 s. After 30 cycles, the reaction system was
thermal retarded at 70.5
for 10 min. PCR products were
electrophoresized on 20 g/L agarose gel and stained with
ethidium bromide. SSCP was taken on the 80 g/L undenatured
polyacrylamide gel. After denaturing at 95
for 5 min, the
samples were ice bathed immediately for 5 to 10 min and
electrophorized under constant voltage 160 V for 4-6 h. After
electrophoresis the gel was removed and silver stained.
Statistic analysis
Data were analyzed using Fisher’s exact test of probabilities
with SPSS 10.0 statistic software.
RESULTS
Methylation analysis of DNA
HpaII is a methylation sensitive restriction endonuclease, when
methylation occurrs at the second C in the CCGG target
sequence, HpaII can not recognize the target site. However,
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Msp I is isoenzyme of HpaII, and can recognize the target site
whether or not methylation occurs at the second C in the CCGG
target sequence. The exon 1 and 2 of p16 gene include 2 and 4
5’-CCGG-3’ sites. If methylation occurs, HpaII can not identify
the target sequence, the specific patterns would appear after
PCR products are electrophoresed (336bp or 424bp) (Figure
1). If no specific bands were amplified by PCR, then no
methylation alteration at second C in 5’-CCGG-3’sequence is
indicated (Figure 2).
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determined. In gastric carcinoma tissues, 4 cases (20 %) of E1
deletion and 2 cases (10 %) of E2 deletion were found. The 6
cases with homozygous deletion included 1 with well
differentiated and 5 with moderately or poorly differentiated
gastric carcinoma tissues (Figure 3 and 4).

PCR-SSCP analysis
Mobility shift is defined when abnormal bands appear or the
position of bands alter. No abnormal alteration was found at E1
of p16 gene (Figure 5). At E2, abnormal single strand of mobility
shift exhibited in 2 (10 %) cases, in 1 of which (IIIa stage, poorly
differentiated adenocarcinoma) mobility shift occurred in both
carcinoma and adjacent carcinoma tissues (Figure 6).

Figure 1 Methylation analysis of p16 gene exon 1 (abnormality).
1: DNA marker; 2: negative control; 3-5 carcinoma tissue; (3:
without enzyme treatment, 4: Hpa II treatment, 5: Msp I
treatment); 6-8 normal tissue (6: without enzyme treatment, 7:
Hpa II treatment, 8: MspI treatment).

Figure 5 PCR-SSCP of p16 gene exon 1 (no abnormality).

Figure 2 Methylation analysis of p16 gene exon 1 (no
abnormality). 1: DNA marker; 2: negative control; 3-5 carcinoma tissue (3: without enzyme treatment, 4: Hpa II treatment,
5: MspI treatment); 6-8 normal tissue (6: without enzyme
treatment, 7: Hpa II treatment, 8: MspI treatment).
Figure 6 PCR-SSCP of p16 gene exon 1. Abnormal single strand
occurred in 2, 3 lane (adjacent carcinoma and carcinoma tissue)
and 9 lane (carcinoma tissue).

Figure 3 PCR of p16 gene exon 1 of gastric carcinoma tissue.
1: Marker; 3: negative control; 2-8: 336bp of E1 PCR.

Figure 4 PCR of p16 gene exon 2 of gastric carcinoma tissue.
1: Marker; 2-8: 424bp of E2 PCR; 3: deletion.

Homozygous deletion analysis
After agarose electrophoresis of PCR products, if no amplified
products were found at the sites corresponding to 336bp or
424bp, then homozygous deletion of E1 or E2 could be

DISCUSSION
Methylation of p16 gene
In the process of multistage canceration, abnormality of gene
expression may be controlled by genetic mechanism and
epigenetic mechanism. Epigenetic mechanism is indicated by
methylation alteration at 5 mC which cause gene expression
abnormality without change in the DNA sequence and product
of gene expression, and is a key mechanism causing genomic
instability and canceration. Hypermethylation at CpG induces
abnormality of DNA conformation stability which may
influence the binding of specific protein and DNA regulating
sequence, and cause gene silence. Inability to transcribe the
tumor suppressor genes resulted in dysfunction of the genes
and induced the development of carcinoma[10, 11].
Regional hypermethylation plays an important role in the
alteration of gene expression in human carcinoma and in the
progression of carcinoma. In the present paper, methylation at
CpG in exons 1 and 2 of p16 gene in gastric carcinoma tissues
was detected by treatment of methylation sensitive restriction
endonuclease combined with PCR technique. The results
showed that abnormal methylation was present in 5 and 9 of
20 cancer tissues, respectively, but no abnormality was found
in corresponding adjacent normal gastric mucosa, suggesting

Ding Y et al. Methylation and mutation of p16 gene in gastric cancer

an association between methylation of p16 gene and gastric
carcinogenesis. Homozygous deletion of p16 gene occurred,
to some extent, in many kinds of human carcinoma cells.
However, gene mutation rarely occurred and the frequency of
homozygous deletion was low in primary carcinoma. It is
interesting that in some human carcinoma without site mutation
or homozygous deletion, for example, in the pulmonary cancer
cell line in oat cell type, the frequency of remethylation at p16
CpG island is 78 % resulting in the loss of p16 gene
transcription activity. The same phenomena exists in
mammary, prostate, gastric and colon carcinomas, especially
in the colon carcinoma with the frequency of methylation being
high as 92 %. In the cells of colon carcinoma without
homozygous deletion, methylation occurr at both alleles of
p16 gene, and is related to its entire deactivation[1]. Based on
the fact that the alteration of methylation of p16 gene and other
genes occur in many kinds of carcinomas lacking of mutation
and deletion, methylation might be a key mechanism of
deactivation of tumor suppressor genes in primary carcinoma.
Expression of p16 gene in gastric carcinoma is decreased
significantly[12-22]. However, the frequency of mutation and
deletion of p16 gene is low, suggesting that abnormal
methylation might be a key mechanism in alteration of the
gene expression in gastric carcinoma.
The results in the present study showed that abnormal
methylation mainly appeared in poorly differentiated gastric
carcinoma. Two cases with metrhylation in both exons were
poorly differentiated and progressive gastric carcinoma.
Hypermethylation of exon 2 mainly exhibited in the cases of
la te s tag e o f g a str ic car c in o m a, su g g es tin g th at
hypermethylation of exon 2 is related to the differentiated
degree and the clinical progression of gastric carcinoma, and
thus might be a late event. Kampster et al[23]. reported in their
study on methylation of p16 gene in esophagus carcinoma that
alteration of methylation at exon 2 was obviously related to
clinical stage and progression of carcinoma, and a correlation
existed between hypermethylation of exon 1 and no gene
expression. Yi et al[24] reported that methylation of p16 gene
in colorectal cancer was obviously related to the Duke’s stage.
Methylation of p16 gene was increased gradually with the
progression of carcinoma, and could induce detectable
alteration and consequence to late stage which may be related
to clinical stage of gastric carcinoma.

Deletion and mutation of p16 gene
Deletion and mutation of p16 gene are also important
mechanisms responsible for the dysfunction of tumor
suppressor genes. Abnormality in 9p21-22 of chromosome has
been reported in many kinds of carcinoma cells, and p16 gene
is an important gene located in this region. By analysis of the
sites adjacent to p16 gene, simultaneous mini-deletions
(<200bp) of p16 allele were found in many carcinomas, and
homozygous deletion of p16 gene has been testified in many
kinds of primary carcinoma[25-27]. Lu et al[28]. detected that the
deletion of E1 of p16 gene in 16.4 % of gastric carcinoma
tissues, Wu et al[29]. reported a rate of 10 % (6/60). Different
deletion rates of p16 gene in gastric carcinoma were reported
by the other investigators[30-32]. In the present study, deletion
of E1 and E2 was detected in 20 % and 10 %, respectively, of
20 cases gastric carcinoma cases, but amplified products
appeared in corresponding normal gastric mucosa tissues.
Mutation of p16 gene mainly includes nonsense, missense,
and frame shift mutation. The frequency of mutation is
significantly lower than deletion with 70-90 % being present
on E2[2]. Mutation of p16 gene in gastric carcinoma is rare, but
the frequency is much higher than the natural mutation (106~10-4) of general genes, thus, it is conceivable that mutation
of p16 gene might be involved in the development and
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progression of gastric carcinoma. In the present study, mutation
of p16 gene E2 was detected in 2 cases of gastric carcinoma
tissues, and no E1 mutation was found. Both the gastric
carcinoma cases with mutation were progressive gastric
carcinoma. One of them exhibited mobility shift in both
carcinoma and adjacent carcinoma tissues, and belonged to
IIIa stage and poorly differentiated adenocarcinoma,
suggesting that p16 gene mutation might be a late event in the
process of gastric carcinoma. It has been reported that the
mutation site of p16 gene is the same as that of p53 gene, i.e.
at CpG. It is believed that mutation is induced by nucleotide
methylation[2]. It is suggested that mutation of p16 gene might
be the consequence of the DNA genomic insatability, and
gradually causes the canceration.

REFERENCES
1
2

3

4
5

6

7

8

9
10
11
12
13

14
15

Yskoob J, Fan XG, Hu GL, Zhang Z. DNA methylation and carcinogenesis in digestive neoplasms. World J Gastroenterol 1998; 4:
174-177
Pollock PM, Pearson JV, Hayward NK. Compilation of somatic
mutation of the CDKN2 gene in human cancers: non random
distribution of base substitutions. Genes Chromosomes Cancers
1996; 15: 77-88
Hayashi K, Metzger R, Salonga D, Danenberg K, Leichman LP,
Fink U, Sendler A, Kelsen D, Schwartz GK, Groshen S, Lenz HJ,
Danenberg PV. High frequency of simultaneous loss of p16 and
p16 beta gene expression in squamous cell carcinoma of the
esophagus but not in adenocarcinoma of the esophagus or
stomach. Oncogene 1997; 15: 1481-1488
Song ZY, Xu RZ, Qian KD, Tang XQ, Zhao XY, Lin M. Abnormal expression of p16/CDKN2 genein human gastric carcinoma.
Xin Xiaohua Bingxue Zazhi 1997; 5: 139-140
Igaki H, Sasaki H, Tachimori Y, Kato H, Watanabe H, Kimura T,
Harada Y, Sugimura T, Terada M. Mutation frequency of the p16/
CDK2 gene in primary cancer in the upper digestive tract. Cancer Res 1995; 55: 3421-3423
Okamoto A, Hussain SP, Hagiwara K, Spillare EA, Rusin MR,
Demetrick DJ, Serrano M, Hannon GJ, Shiseki M, Zariwala M.
Mutations in the p16INK4/MTS1/CNKN2, p15INK4B/MTS2,
and p18 genes in primary and metastatic lung cancer. Cancer Res
1995; 55: 1448-1451
Mori T, Miura K, Aoki T, Nishihira T, Mori S, Nakamura Y. Frequent somatic mutation of the MTS1/CDK4I (multiple tumor
suppressor/cyclin-dependent kinase 4 inhibitor) gene in esophageal squamous cell carcinoma. Cancer Res 1994; 54: 3396-3397
Gonzalez-Zulueta M, Bender CM, Yang AS, Nguyen T, Beart
RW, Van Tornout JM, Jones PA. Methylation of the 5’ CpG island of the p16/CDK2 tumor suppressor gene in normal and
transformed human tissues correlates with gene silencing. Cancer Res 1995; 55: 4531-4535
Zhang J, Lai MD, Chen J. Methylation status of p16 gene in
colorectal carcinoma and normal colonic mucosa. World J
Gastroenterol 1999; 5: 451-454
Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson NE,
Baylin SB. Methylation of oestrogen receptor CpG island links
aging and neoplasia in human colon. Nat Genet 1994; 7: 536-540
Zingg JM, Jones PA. Genetic and epigenetic aspects of DNA methylation on genome expression, evolution, mutation and
carcinogenesis. Carcinogenesis 1997; 18: 869-882
Wang B, Shi LC, Zhang WB, Xiao CM, Wu JF, Dong YM. Expression of tumor suppressor gene p16 in gastric cancer and
precancerouslesions. Shijie Huaren Xiaohua Zazhi 2001; 9: 39-42
Zhou Y, Gao SS, Li YX, Fang ZM, Zhao X, Qi YJ, Wei JP, Zou JX,
Liu G, Jiao LH, Bai YM, Wang LD. Tumor suppressor gene p16
and Rb expression in gastric cardia precancerouslesions from
subjects at a high incidence area in northern China. World J
Gastroenterol 2002; 8: 423-425
He XS, Su Q, Chen ZC, He XT, Long ZF, Ling H, Zhang LR.
Expression, deletion and mutation of p16 gene in human gastric
cancer. World J Gastroenterol 2001; 7: 515-521
Wei TY, Wei MX, Yang SM. Expression of cyclin D1 P16 and Rb
protein in gastric cancer. Shijie Huaren Xiaohua Zazhi 2000; 8: 234-235

426
16
17
18
19
20
21
22
23
24

ISSN 1007-9327

CN 14-1219/ R

Zhu ZY, Tian X, Wang X, Yang XL. Mutation of p16 and APC gene
in gastric cancer. Shijie Huaren Xiaohua Zazhi 2000; 8: 1418-1419
Yang SM, Yang LS, Li L, Deng LY, Wang CY, Yuan XB, Shen XD.
Methylation of MTS1/P16 gene and expression of P16 protein in
gastric cancer. Shijie Huaren Xiaohua Zazhi 2000; 8: 1427-1429
Zhao Y, Zhang XY, Shi XJ, Hu PZ, Zhang CS, Ma FC. Expression
of P16, P53 and proliferating cell nuclear antigen in gastric cancer.
Shijie Huaren Xiaohua Zazhi 1999; 7: 246-248
Li GX, Li GQ, Zhao CZ, Xu GL. Relationship between telomerase
hTRT and the expression of tumor suppressor gene p53 and p16.
Shijie Huaren Xiaohua Zazhi 2002; 10: 591-593
Jiang YX, Zhao MY, Geng M, Chao YC, Wang XY. Expression of
P16, cerB-2 protein in gastric tumor. Shijie Huaren Xiaohua Zazhi
2002; 10: 1050-1051
Yang ZL, Li YG, Huang YF, Wang QW. Expression of cyclin D1,
CDK4, P16 and Rbin gastric cancer. Shijie Huaren Xiaohua Zazhi
2000; 8: 362-363
Wang GT. Progression in the study on gastric precancerouslesions
and its reversion. Shijie Huaren Xiaohua Zazhi 2000; 8: 1-4
Kempster S, Phillips WA, Baindur-Hudson S, Thomas RJ, Dow
C, Rockman SP. Methylation of exon 2 of p16 is associated with
late stage oesophageal cancer. Cancer Lett 2000; 150: 57-62
Yi J, Wang ZW, Cang H, Chen YY, Zhao R, Yu BM, Tang XM.
P16 gene methylation in colorectal cancers associated with Duke’s
staging. World J Gastroenterol 2001; 7: 722-725

World J Gastroenterol
25

26
27
28
29

30
31
32

March 15, 2003 Volume 9 Number 3

Hui AM, Shi YZ, Li X, Takayama T, Makuuchi M. Loss of p16
(INK4) protein, alone and together with loss of retinoblastoma
protein, correlate with hepatocellular carcinoma progression.
Cancer Lett 2000; 154: 93-99
Lin SC, Chang KW, Chang CS, Liu TY, Tzeng YS, Yang FS, Wong
YK. Alteration s of p16/MTS1 gene in oral squamous cell carcinomas from Taiwanese. J Oral Pathol Med 2000; 29: 159-166
Liggett WH Jr, Sidransky D. Role of the p16 tumor suppressor
gene in cancer. J Clinical Oncol 1998; 16: 1197-1206
Lu YY, Gao CF, Cui JQ. Deletion and down-regulation of mts1/
p16 gene in humangastric cancer. Zhonghua Zhongliu Zazhi 1996;
18: 189-191
Wu MS, Shun CT, Sheu JC, Wang HP, Wang JT, Lee WJ, Chen
CJ, Wang TH, Lin JT. Overexpression of mutant p53 and c-erbB2 proteins and mutations of the p15 and p16 genes in human
gastric carcinoma: with respect to histological subtypes and
stages. J Gastroenterol Hepatol 1998; 13: 305-310
Jiang HX, Liu ZM, Zhuang YQ, Yang DH, Jiang YQ, Li JQ. Homologous deletionofp16gene in human gastric carcinoma. Huaren
Xiaohua Zazhi 1998; 6: 934-935
Lee YY, Kang SH, Seo JY, Jung CW, Lee KU, Choe KJ, Kim BK,
Kim NK, Koeffler HP, Bang YJ. Alterations of p16INK4A and
p15INK4B genes in gastric carcinomas. Cancer 1997; 15: 1889-1896
Tang SH, Luo HS. Aberration of p16 gene and p18 gene in gastric carcinoma. Shijie Huaren Xiaohua Zazhi 2001; 9: 91-92
Edited by Xia HHX

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

World J Gastroenterol 2003;9(3):427-431
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• GASTRIC CANCER •

Relationship between the expression of human telomerase
reverse transcriptase gene and cell cycle regulators in gastric
cancer and its significance
Jin-Chen Shao, Ji-Feng Wu, Dao-Bin Wang, Rong Qin, Hong Zhang
Jin-Chen Shao, Ji-Feng Wu, Dao-Bin Wang, Rong Qin, Hong
Zhang, Department of Pathology, Anhui Medical University, Hefei,
230032, Anhui Province, China
Jin-Chen Shao, Department of Pathology, Shanghai Chest Hospital,
241 HuaiHaiXi Rd, Shanghai 200030, China
Surpported by Science and Technology Fund, Governmental
Department of Education, Anhui Province, No.99j10091
Correspondence to: Professor Ji-Feng Wu, Department of Pathology,
Anhui Medical University, Hefei, 230032, Anhui Province, China.
jifengwu@mail.hf.ah.cn
Telephone: +86-551-5161130
Received: 2002-09-13 Accepted: 2002-10-29

Abstract
AIM: To investigate the expression of human telomerase
reverse transcriptase gene (hTRT) in gastric cancer (GC)
and its relevance with cell cycle regulators including P16INK4,
cyclin and P53.
METHODS: In situ hybridization (ISH) for hTRT mRNA was
performed in 53 cases of gastric cancer and adjacent
cancerous tissues. Immunohistochemical staining (S-P
method) for hTRT protein, P16INK4, cyclinD1 and P53 was
performed in 53 cases of GC and adjacent cancerous tissues.
RESULTS: Of 53 cases of GC, the expression of hTRT mRNA
and hTRT protein was significantly higher than the expression
of hTRT mRNA and hTRT protein in adjacent canerous tissues
(P<0.01), the positive rates of hTRTmRNA and hTRT protein
were 79.2 % and 88.6 %. There was a stastical difference
of the expression of hTRT protein among well differentiated
adenocarcinoma, poorly differentiated adenocarcinoma and
mucoid carcinoma. And there was a highly significant positive
correlation between the expression of hTRT mRNA and hTRT
protein (r=0.625, P<0.01). However, the expression of hTRT
mRNA and its protein in GC were not related with other
clinicopathological parameters including gender, age, location
and size of neoplasm, invasion depth, lymph node metastasis
and clinical stage. There was a significant positive correlation
between the expression of hTRT mRNA and cyclinD1 protein
(r=0.350, P<0.01). There was a significant positive
correlation between the expression of cyclinD1 protein and
hTRT protein (r=0.549, P<0.01), so was between P53 and
hTRT protein (r=0.319, P<0.05).
CONCLUSION: The expression of hTRT gene is correlated
significantly to the specific defects of cell cycle on G1/S check
point ; telomerase activity may depend on cell cycle in gastric
cancer and it is available to clarify the molecular mechanism
of telomerase activity regulation. The expression of hTRT
mRNA and hTRT protein in GC is significantly different from
the expression of hTRT mRNA and hTRT protein in adjacent
cancerous tissue which indicates that these targets are
correlated closely to the occurrence of GC and can provide
important morphologic index for diagnosis of GC.
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INTRODUCTION
Telomerase activity is absent in most normal somatic cells,
but has been detected in the tissues of vast majority of human
malignant neoplasm by a highly sensitive method of TrapPCR assay, and the positive of telomerase activity is 85 %.
Currently, it may be the broadest-spectrum molecular marker
of malignant neoplasm[1]. Human telomerase is composed of
human telomerase RNA(hTR), human telomerase reverse
transcriptase (hTRT/hTERT as well as human telomerase
catalytic subunit, hEst2) and human telomerase associated
protein (TP) which connects two subunit concerned above[2-5].
High level hTRT expression has been dectected in primary
carcinoma, cancer cell lines and tissues which express
telomerase activity. There is a consistent correlation between
hTRT and telomerase activity. Meanwhile, we can’t detect
hEst2/hTRT in cell lines whose telomerase activity is negative
and in well differentiated tissues[6-8]. Therefore, Meyseron
proposed that the expression of hEst2/hTRT mRNA is a critical
step in cell immortalization and tumorigenesis[3].
It has been reported in telomere-telomerase hypothesis
that the senescence process of human cell can be divided
into two stages, one is the mortality stage 1(M1), another is
the mortality stage 2(M2). When telomerase shortens to a
critical length 2kb-4kb, the stability of chromosome will be
damaged and the cells enter the senescence stage that is M1.
At this stage, DNA breaks with activation of P53-dependent
or-independent DNA damage pathways, and the DNA
damage can also induce products of CDk3 inhibitors such as
p21, p27 and lead to the G1 block and eventual death [9]. If
certain tumor suppressor genes PRb, P53 or P16 are
inactivated and are deprived of normal function, cells will
prolong their life span, but usually not to immortalization.
Then telomere further decreases to M2 stage. Most cells will
die at this stage, but rare cells will survive and become
immortalized because of the up-regulation or re-activation
of telemerase activity which restores the telomere function
and the stability of chromosome[10]. Thus, telomere length
and activiation of telomerase closely correlate to life span of
cells. Zhux et al demonstrated that the level of telomerase
activity varies with different phases of cell cycle[11]. In this
study, we chose hTRT which could represent telomerase
activity and markers around the G1/S check point of cell cycle
such as P16, cyclinD1, P53 to reveal the interaction between
hTRT gene and regulation of cell cycle and to investigate the
role of these indexes in the oncogenesis and development of
gastric cancer by in situ hybridization method and
immunohistochemistry technique.
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MATERIALS AND METHODS
Tissue specimens
Tissue spencimens of gastric cancer were obtained from the
first affiliated hospital of Anhui Medical University from
October 1994 to October 1997. No patient had been treated
with anti-neoplasm therapy before surgical removal. 53 patients
(42 males, 11 feamles, from 23 to 73 years old, median age 55
years) were as follows: 22 cases of poorly differentiated
adenocarcinoma, 26 cases of well differentiated adenocarcinoma
(including 18 cases of tubular adenocarcinoma, 8 papillary
adenocarcinoma), 5 cases of mucoid carcinoma (including 4
cases of mucinous adeocarcinoma, 1 case of signet-ring cell
carcinoma). 53 cases of adjacent cancerous tissues were taken
as controls. All specimens were fixed in 10 % formalin,
embedded in paraffin, cut in serial 4 µm sections and adhered
to slides treated by poly-L-Lysine and 0.1 % DEPC.
Reagents
hTRT ISH detection kit was purchased from Boster Biological
Technology Ltd. The probe labeled by digoxin is made of three
sequences of oligocleotide of hTRT: (1) 5’-AGTCAGGCTG
GGCCT CAGAG AGCTG AGTAG GAAGG-3’; (2) 5’GCATG TACGG CTGGA GGTCT GTCAA GGTAG
AGACG-3’; (3) 5’-TGCAC ACCGT CTGGA GGCTG
TTCAC CTGCA AATCC-3’.
Rabbit polyclonal antibodies against hTRT and P16INK4,
monoclonal mouse antibodies against cyclinD1 and P53, and
S-P immunohistochemical kit were purchased from Beijing
Zhongshan Biological Technology LtD.
In situ hybridization
The specimens were deparaffinized and rehydrated through a
graded series of ethanol, and endogenous peroxidase was
blocked by using 3 % hydrogen peroxide for 10 min. After
washed with distilled water treated by 0.1 % DEPC three times
at 5 min each, the slides were digested with pepsin diluted by
3 % citric acid at 37
for 15-20 min. 20 µl reagent of prefor 2 hours,
hybridization was added to each slide at 37
then 20 µl of probe was hybridized to each slide at 42
for
16-20 hours. After hybridization, each slide was washed with
2×SSC twice at 37 for 20 min each, then again with 0.2×SSC
twice at 37 for 10 min each. Blocking reagent was dropped
to the slides and incubated for 30 min, then the mouse antifor 60
digoxin antibody labeled by biotin was added at 37
min. After washed with 0.5M PBS thrice at 2 min each, the
slides were incubated with strept-avidin-biotin complex
(SABC) for 20 min at 37 , then washed with 0.5M PBS four
times at 5 min each. At last, chromogen DAB was added to
visualize the reaction products of peroxidase, then the slides
were counterstained for nuclei by haematoxylin stain. A
negative control was prepared according to the above steps
with the probe substituted by 2×SSC, a positive control showed
positive always in repeated experiments. The positive signals
of hTRT mRNA expression were stains with brown-yellow
color located in cytoplasm and/or nucleus. The percentage of
positive cells was determined by 10 areas at high power fields
(×400) and graded as follows: negative (-); mildly positive
(+), the percentage of positive staining was less than 25 %,
moderately positive (++), the percentage of positive staining
was less than 25-50 %; strongly positive (+++), the percentage
of positive staining was more than 50 %.
Immunohistochemistry
Immunochemical staining was performed by S-P method, antihTRT antibody was diluted into 1:100, anti-P16INK4 1:50,
anti-cyclinD1 1:50. anti-P53 antibody was the reagent ready
to use. A negative control was dyed according to the above
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method with the primary antibody substituted by animal serum.
The positive standard of hTRT protein expression was stains
with the brown-yellow color in cell plasma, P53 positive
expression was stains in nucleus, the expression of P16 and
cyclinD1 was stains in nucleus and(or) cytoplasm. A semiquantitative evaluation was used to determine positive
expression of positive cell by viewing 10 areas at high power
field (×400)[12]: negative(-), cells were stained less than 10 %;
mildly positive (+), cells were stained in 11-25 %; moderately
positive (++), cells were stained in 26-50 %; strongly positive
(+++), cells were stained over 50 %. And we regarded the last
three grades as positive.

Statistical analyses
The data was copied down by Excel and analyzed by SPSS
version 10.0. The χ2 test or Fisher’s exact test (n<5) was used
for statistical analysis, Spearman rank correlation was
performed for correlation analysis.
RESULTS
Expression of hTRTmRNA and hTRT protein
The positive signals of hTRTmRNA were brownish-yellow
stains located in cytoplasm and/or nucleus (Figure 1,2). There
was barely hTRTmRNA expression in adjacent cancerous
tissues, only a few positive cells in dysplasia and intestinal
metaplasia of adjacent cancerous tissues. Positive expression
of hTRTmRNA was detected in 42 of 53(79.2 %) of GC, but
only 8 of 53(15.1 %) of adjacent cancerous tissues. The
expression of hTRTmRNA of GC was significantly higher than
those of the adjacent cancerous tissues (P<0.01) (Table1).
Table 1 Expression of hTRTmRNA in histologic pattern of
gastric cancer and adjacent cancerous tissue
hTRTmRNA
Groups

n

(-)

(+)

(++)

(+++)

Positive(%)

WD

26

5

12

7

2

80.8

PD

22

3

11

8

0

83.4

5

3

1

1

0

40.0

53

45

6

2

0

15.1

Mucoid GC
Adjacent

P

0.067a

<0.01b

: comparison among groups of GC; b: comparison between
adjacent cancerous tissue and GC. WD: well differentiated
adenocarcinoma; PD: poorly differentiated adenocarcinoma.
a

The positive signals of hTRT protein were brownish-yellow
stains located in cytoplasm and the strength of coloration was
directly proportional to positive percentage (Figure 3, 4). There
was barely hTRT protein expression in adjacent cancerous
tissues, but a few positive cells in dysplasia and intestinal
metaplasia of adjacent cancerous tissues. Positive expression
of hTRT protein was detected in 47 of 43(88.6 %) of GC, but
13 of 53(24.5 %) of adjacent cancerous tissues, so there was
significant difference between GC and adjacent cancerous
tissues (P<0.01). There was statistical difference of the
expression of hTRT protein among groups of different
histologic patterns. Further comparison showed no significant
difference between well differentiated adenocarcinama and
poorly differentiated adenocarcinoma, but there was statistical
difference between mucoid carcinoma and well differentiated
adenocarcinoma, so was mucoid carcinoma and poorly
differentiated adenocarcinoma (Table2). And there was a
highly significant positive correlation between the expression
of hTRTmRNA and its protein (r=0.625, P<0.01).
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Table 2 Expression of hTRT protein in histologic pattern of
gastric cancer and adjacent cancerous tissue
Groups

hTRT protein

Positive(%)

n
(-)

(+)

(++)

(+++)

WD

26

1

6

15

4

96.2

PD

22

2

9

10

1

90.9

5

3

2

0

0

40.0

53

40

11

2

0

24.5

Mucoid GC
Adjacent

P

<0.01a

<0.01b

: comparison among groups of GC; b: comparison between
adjacent cancerous tissue and GC.

a

Figure 1 The expression of hTRTmRNA is strongly positive in
tubular adenocarcinoma. ISH×400.

We grouped the 53 cases of cancer patients who had
complete clinical data as gender, age, tumor location and size,
lymph node metastasis, invasion depth and clinical staging,
and found that the expression of hTRTmRNA and its protein
in GC was not related with clinicopathological parameters
concerned above (Table 3).
Table 3 Relationship between the expression of hTRTmRNA,
hTRT protein and clinicopathological parameters in gastric cancer
Parameters

Figure 2 The expression of hTRTmRNA is moderately positive in poorly differentiated adenocarcinoma. ISH×400.

Figure 3 The expression of hTRT protein is strongly positive
in papillary adenocarcinoma. S-P×400.

Figure 4 The expression of hTRT protein is moderately positive in poor differentiated adenocarcinoma. S-P×400.

n

Gender
Male
42
Female
11
Age(years)
<55
25
55
28
Tumor size(cm)
<5
24
5
29
Tumor location
Cardia
26
Body
16
Antrum
11
Lymph node metastasis
Absent
25
Present
28
Invasion depth
Not invading serosa 8
Invading serosa 45
Clinical stage
I and II
47
III and IV
6

hTRTmRNA
positive (%)

P

hTRT protein
positive(%)

P

35 (83.3)
7 (63.6)

0.309

39 (92.9)
8 (72.7)

0.180

18 (72.0)
24 (85.7)

0.219

20 (80.0)
27 (96.4)

0.147

20 (83.3)
22 (75.9)

0.735

22 (91.7)
25 (86.2)

0.678

23 (88.5)
10 (62.5)
9 (81.8)

0.128

24 (92.3)
13 (81.3)
10 (90.9)

0.529

18 (72.0)
24 (85.7)

0.219

20 (80.0)
27 (96.4)

0.089

7 (87.5)
35 (77.8)

0.879

7 (87.5)
40 (88.9)

1.000

37 (78.7)
5 (83.3)

1.000

41 (87.2)
6 (100.0)

0.806

Correlation between hTRTmRNA, hTRT protein and cell cycle
regulators
The positive percentage of P16INK4 expression was 60.3 %
(32/53) of GC, but 88.6 %(47/53) of the adjacent cancerous
tissues; the positive percentage of cyclinD1 overexpression
was 69.8 %(37/53) of GC, but 5.7 %(3/53) of adjacent
cancerous tissues; the positive expression of P53 was 32 of 53
(60.4 %) of GC, but none of adjacent tissues. We analyzed
relationship between hTRTmRNA, hTRT protein and cell cycle
regulators through Spearman rank correlation. There was a
significant positive correlation between the expression of hTRT
mRNA and cyclinD1 protein (r=0.350, P<0.01), and a
significant positive correlation between the expression of
cyclinD1 protein and hTRT protein (r=0.549, P<0.01), so was
P53 and hTRT protein (r=0.319, P<0.05). The expression of
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P16INK4 didn’t correlate with hTRTmRNA and hTRT protein,
but the tumor tissues of the group with negative P16INK4 in
combination with cyclinD1 overexpression had the strongest
positive stains of hTRTmRNA, and the hTRTmRNA
overexpression of this group was 79 %(10/13). However, the
hTRTmRNA overexpression of the group with positive
P16INK4 in combination with low-expression of cyclinD1 was
37.5 %(3/8), but there was no significant difference between
the two groups (P>0.05).

DISCUSSION
Current studies have proposed that activation of telomerase is
a critical step in tumorigenesis of gastric cancer. Jong et al
observed telomerase activity in 25 of 27 primary GC and found
the up-regulation of hTRTmRNA expression in 26 of 26 GC
tissues by RT-PCR analysis[6]. Hiyama et al had detected
telomerase activity in 66 samples of primary GC and found
that the positive percentage was 85 %, but 6 % in the adjacent
cancerous tissues[13]. In our study, we detected the expression
o f h TR T g e n e in 5 3 GC s p e ci m en s b y I SH a n d
immunohistochemistry, and found that positive percentage of
hTRTmRNA and hTRT protein was 79.2 % and 88.6 %
respectively in GC, and was 15.1 % and 24.5 % in the adjacent
cancerous tissues. Meanwhile, the index of hTRT could be
located for observation and determined semiquantitatively. So
it provided an important morphological marker for detection
of GC. It is reported that telomerase activity is associated with
histological differentiation and malignant grade of tumor[14,15].
However, telomerase activity doesn’t correlate with age,
gender, tumor stage and histological differentiation of gastric
cancer[16-19]. In our present study of GC, the expression of
hTRTmRNA and hTRT protein was not associated with
clinicopathological parameters including gender, age, tumor
size, location, lymph node metastasis, invasion depth and
clinical staging. There was statistical difference of hTRT
protein only between mucoid carcinoma and well differentiated
adenocarcinoma, poorly differentiated adenocarcinoma, but
our cases of mucoid carcinoma were few. Therefore, we
considered that the expression of hTRT gene might be
associated with gastric carcinogenesis, but not involved in
differentiation and biological property of the tumor. Mild
expression of hTRTmRNA and hTRT protein in dysplasia and
intestinal metaplasia of adjacent cancerous tissues showed that
the expression of hTRT gene might be presented in
precancerous lesions or diseases, and the positive cells may
be precancerous cells, but it was needed to do further studies
to demonstrate the precise significance of this phenomenon.
There are several checkpoints of different function during
cell cycle including G1/S checkpoint, S checkpoint and G2/M
checkpoint. G1/S checkpoint that is the PRb pathway is
especially important to ensure completion of cell cycle events
on schedule and to prevent abnormal cells from proliferation
to carcinogenesis [20]. At the end of G1 stage, cyclinD1
combined with CDK4/6 is responsible for the phosphorylation
of PRB to release an important transcription factor -E2F, which
initiates DNA synthesis and drives the cells through G1/S
checkpoint. There are two vital inhibitory pathways of G1/S
checkpoint, one is that P16INK4 competitively combines with
CDK4 against cyclinD1 to suppress CDK4 activity[21,22], the
other is that P53 initiates P21 gene to express P21 protein
combined with cyclinD1/CDK4 and to inhibit the activity of
cyclinD1/CDK4 when DNA is damaged [23-29]. The two
pathways both abolish phosphorylation of PRb, and cell cycle
arrests at G1 phase. It is reported at the M1/M2 model of
telomere-telomerase hypothesis that a cell can’t obtain
immortality until it passes through M1/M2stage. When the
activity of tumor suppressor proteins such as P53, PRb,
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P16INK4 are absent, the cells can prolong their life by passing
through M1 stage, thus there will provide more chances of
activating telomerase for those cells to pass through M2 and
obtain immortality[30-33].
There were a few studies about relationship between
P16INK4 and telomerase. In the studies of human keratinocytes
and mesothelial cells, Dickson et al proposed that the
expression of hTRT and loss of P16INK4 were two
prerequisites for cell immortalization and carcinogenesis[34].
Landberg et al reported that though down-regulation of
P16INK4 was not related to telomerase activity, tumors with
low P16INK4 had demonstrated to have high activity of
telomerase; down-regulation of P16INK4 alone was
insufficient to activation of telomerase, and it was necessary
in combination with other cell cycle defects such as overexpression of cyclinD1 or cyclinE[35]. In our study of GC, the
expression of P16INK4 was not associated with hTRTmRNA
and hTRT protein, but there were two strong positive cases of
hTRTmRNA which were absence of P16INK4 expression. So
it was coordinate with studies in breast cancer of Landberg.
CyclinD1 and P16INK4 locating in up-stream of PRb regulated
phosp horylation of PRb and comb ined with CDK
competitively, and the function of the two regulators was just
contrary. During the progress of carcinogenesis, the abnomal
expression of the two was in cooperation. Absence of P16INK4
and overexpression of cyclinD1 always occured at the same
time in studies of telomerase. In the investigation of
development of UVB-induced tumors in SKH-1 hairless mice,
Balasubramancan et al found that telomerase activity increased
persistently after exposure to UVB, meanwhile, the expression
of cyclinD1 and cyclinE was up-regulated when combined with
CDK4, CDK2, and the expression of P16INK4, P21WAF1
and P27KIP1 all changed significantly between tumor and
normal epidermis[36]. It was reported that the over expression
of cyclinD1 protein was associated with high telomerase level
in the studies of breast cancer, and tumors with cyclinD1 or E
overexpression in combination with low P16INK4 and normal
PRb demonstrated high activity of telomerase[35]. In our study,
there was positive correlation between cyclinD1 protein and
hTRTmRNA, hTRT protein, the strongest expression of
hTRTmRNA existed in the tumor sample which presented the
absence of P16INK4 and overexpression of cyclinD1 at the
same time. Our data demonstrated that cyclinD1 protein was
highly correlated with the expression of hTRT gene. The
mechanism may be that the overexpression of cyclinD1 protein
accelerates the phosphorylation of PRb and elevates the
proliferation rate of abnormal cells, then cell cycle loses
regulation. Activated telomerase drives cells to pass through
M2 stage to tumorigenesis.If in combination with inactivation
of tumor suppressor genes such as the loss of P16INK4, it is
especially helpful for activation of telomerase and quickening
the pace of carcinogenesis. Therefore, the overexpression of
cyclinD1 represents a cell cycle defect correlated with
telomerase activity closely. Li et al reported that telomerase
activity was inhibited lately in human breast cancer cells after
introducing recombinant human P53 to them, and this
experiment indicated that activity of telomerase might be
regulated by P53 in vivo and the down-regulation of P53 might
increase the telomerase activity[37]. In our study, the expression
of P53 positively correlated with hTRT protein; the result
demonstrated that P53 regulated the telomerase, and it prompted
that when the pathway of P53-P21WAF1 was inactive, abnormal
cells devoid of braking mechanism and passing through G1/S
checkpoint to S stage at which telomerase activity increases
giving cells the chance to pass through M2 and achieving
immortality that produces specific tumor phenotype.
Our data shows that the expression of hTRT gene is
correlated significantly to the specific defects of cell cycle in
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G1/S checkpoint, which proposes that telomerase activity may
depend on cell cycle in gastric cancer and thus helps to clarify
the molecular mechanism of telomerase activity regulation.
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Abstract
AIM: To evaluate the preliminary effects of comprehensive
prevention of gastric cancer in Zhuanghe County
epidemiologically.
METHODS: Stratified sampling and cluster sampling were
applied to define the intervention group and the control
group. The prospective cohort study was used for evaluating
the effect of preventing gastric cancer. The relative risk (RR)
and attributable risk percent (AR %) of intervention on gastric
cancer death were calculated. Potential years of life lost
(PLYY) of the disease was analyzed, and the RR and AR %
of PYLL were calculated. Survival analysis was applied among
the screened patients.
RESULTS: In the first 4 years after intervening, the relative
risk (RR) of intervention on death was 0.5059 (95 % CI:
0.3462~0.7392, P<0.05) with significance statistically. AR %
of the intervention on death was 49.41 %. The RR of
intervention on cumulative PYLL was 0.6778 (95 % CI:
0.5604~0.8198, P<0.05) with statistic significance. AR %
of the intervention on cumulative PYLL was 30.32 %. The
four-year survival rate of the screened patients was 0.6751
(95 % CI: 0.5298~0.9047).
CONCLUSION: The initiative intervention results showed
that the intervention approach used in the trial was effective,
it reduced mortality and increased survival rate, and alleviated
the adverse effect of gastric cancer on the health and life of
screened population.
Guo HQ, Guan P, Shi HL, Zhang X, Zhou BS, Yuan Y. Prospective
cohort study of comprehensive prevention to gastric cancer.
World J Gastroenterol 2003; 9(3): 432-436
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INTRODUCTION
Gastric cancer is one of the most common malignant tumor,
its prevalence in 1999 was 138.60×10-5 according to the report
of WHO[1], however, its prevalence (300.87×10-5) and mortality

rate (29.31×10-5) are even higher in China[1]. The incidence of
gastric cancer has been declining globally during the recent
decades, but not in China[2]. It was believed that the main
reasons of the declining were prevention and diagnosis, but
not therapy[3]. Most studies show that the incidence of gastric
cancer is related to dietary factors, infection of helicobacter
pylori(Hp), etc.[4-9]. If these relative factors were eliminated or
decreased, the incidence and mortality of gastric cancer would
be lowered., thus gastric cancer could be prevented[10-13]. So it
is very important to find an effective comprehensive preventive
method for gastric cancer.
Zhuanghe is a county in Liaoning Province with total
population of approximate 900 000, locates along the seaside
of the Huanghai Sea. The previous survey showed that the
incidence of gastric cancer in this county was higher than the
average level of other areas. In 1994, the mortality rate was
49.55×10-5 in male, and 22.23×10-5 in female The population
in Zhuanghe County has been surveyed in census and studied
for 18 years by the Stomach Investigation Group of China
Medical University because of higher incidence and mortality
of gastric cancer. A series of comprehensive preventive
approaches have been applied since 1997, including primary
and secondary prevention. The goal was to explore a series of
comprehensive preventive approaches to reduce the incidence
and the mortality of gastric cancer. The initiative effect of
intervention approaches by epidemiological study was
evaluated in this paper.

MATERIALS AND METHODS
Definition of sample
Stratified sampling and cluster sampling were applied to define
the intervention group and the control group. Each village in
this county was stratified into two groups according to location
geographically close seaside or not, then the sampled villages
were defined by cluster sampling in the two groups, and the
number of the sampled villages in each group was proportional
to its location stratification. All individuals of the sampled
villages were used as the samples.
Sixteen villages were sampled as the intervention group,
other 14 villages were used as the control based on location,
economic level, and proportion of population in each
intervention village. 63 133 persons from 30 villages, 16 870
in the intervention group, and 14 900 in the control group were
observed, respectively. The age and sex were proportional in
each group.
Intervention approaches
The design of the intervention was as the following (Figure 1).
Common approaches in intervention and control group
Knowledge of prevention and treatment of gastric cancer,
especially dietary habits was provided for all residents through
broadcasting, video, brochures and face-to-face conversation.
Approaches in intervention groups Initially 3 033 persons
were selected as suspected high risk population from
intervention villages according to the epidemiological survey
and clinical symptoms. Persons who had the family history of
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gastric cancer, and/or were over 35 years old and had history
of gastric illness, or had obvious symptoms of gastric illness
were grouped as suspected high risk population, from which
l781 persons were further detected and grouped as high risk
population of gastric cancer [16-18], and were treated with
antibiotics, Chinese herb medicine, and nutritional therapy,
based on X-ray, HP detected, and gastroscopic and pathological
examination[19-21]. Patients with gastric cancer screened from
the high risk population were treated promptly.
The whole process of screening and treatment was performed
under strict quality control. Twenty five percent of intervened
individuals were randomly selected and checked for the
compliance to medication by interviewing with individuals and
their family and measuring the metabolites of medicine in
urine, results showed that the compliance rate was 96.6 %.
The screening and surveying were initiated in 1997 and had
been processed successfully since then.
All people in the

The initial high risk population

sampled villages

in the intervention village
Epidemiological survey
Detection of serum
pepsinogen
Double contrast X-ray
HP detection

Health education

The high risk population
Gastroscopic
Pathological examination

Precancerous
lesions

Gastric cancer
Early discovering

Intervention

Early diagnosis
Early treatment

Reducing the mortality rate, alleviating the effect
of gastric cancer on the health and life of all population
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d: the death number of age interval (i~i+1) from the disease.
PYLL= (PYLL/N)*1000 .
N: the number of total observed population or person-years.
Life-table method and product-limit method[23] were applied
to analyze the survival rate of all the screened patients with
gastric cancer.
S(t)=II (1-di/ni)
ni: the adjusted population at the beginning of the period i.
di: the death number of the period i.

RESULT AND ANALYSIS
General
The composition of the sample is shown in Table 1.
Table 1 Composition of the samples

Intervention group
Control group
Total

Male

Female

Total

26 922
23 840
50 762

26 256
23 924
50 204

53 178
47 788
100 966

During the first screening in 1997, 32 patients with gastric
cancer were diagnosed, in which 18 patients were early gastric
cancer, and 14 were advanced gastric cancer. The incidence
of cancer in the screened group was 1.80 % (32/1781). In
addition, 1 306 persons were detected having other gastric
diseases. The screening rate of all gastric diseases was 75.13 %
(1 338/1 781), therefore the screening method was very
effective. From 1998 to 1999, 12 patients with gastric cancer
were detected, in which 7 patients were early gastric cancer,
and 5 were advanced gastric cancer.

Mortality of gastric cancer
The mortality rate of gastric cancer in Zhuanghe from 1996 to
2000 was between 45.21×10-5~63.29×10-5, the annual rate was
53.24×10 -5 (person·year)-1, whose 95 % CI is 44.57×10 -561.91×10 -5, which is higher than the average rate in China
(29.31×10 -5). The rate in male was 75.11×10 -5 (95 % CI:
60.60×10-5-89.61×10-5), and in female was 30.08×10-5 (95 %
CI: 20.98×10-5-39.18×10-5). The death from gastric cancer was
8.25 % of all death from any reasons, and 38.94 % of all
carcinoma deaths, which were higher than that of the national
average level (P<0.05)[24-26].
The annual mortality rate of gastric cancer in Zhuanghe
was shown in Figure 2. The alterations of mortality from 1996
to 2000 were not statistically significant.

Figure 1 The intervention trial sketch.
100
Mortality (1/105)

Analysis of data
The prospective cohort study was applied to observe the
samples. The cause of all death including gastric cancer from
1996 to 2000 were documented in both intervention group
and control groups. The screened patients with gastric cancer
were observed and reported annually.
The relative risk (RR) and attributable risk percent (AR %)
of intervention on death of gastric cancer, potential years of
life lost (PLYY) of the disease, and the RR and AR % of PYLL
were calculated. The survival rate of all the screened patients
with gastric cancer was evaluated.
The maximum expectancy method was adopted to calculate
PYLL[22].
PYLL= aidi, ai=L-x-0.5
L: the upper limit age, evaluated at 70.
x: the middle value of age interval.
ai: the residual years from age interval (i~i+1) to the maximum
expect age (L).

80
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Male
Female

60
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20
0

1996

1997

1998
Year
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Figure 2 Mortality of gastric cancer in Zhuanghe County from
1996 to 2000.

The annual mortality rates of gastric cancer in intervention
groups were shown in Figure 3. The rates in the period from
1997 to 2000 were lower than that in 1996 with no significance
by Poison test[27] (P>0.05 except that in male in 2000. In
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contrast, the average mortality rate (34.97×10-5 ) in intervention
groups during post-intervention period (1997-2000) was lower
significantly than that (59.31×10-5) in pre-intervention period
(1996) (one-sided test, χ2=2.930, P<0.05). However, no statistical
decrease of mortality was found in control groups (Figure 4).
The tendency of descending in mortality of gastric cancer
was observed (Figure 3). The linear correlation analysis is
shown in Table 2. No obvious alteration in the mortality of
gastric cancer in control group from 1996 to 2000 was observed.
Total
Male
Female

80
60

Total
Death CMR
person-year No. (10-5)

Control
Intervention

20
1996

1997

1998

1999

2000

Year

Figure 3 Mortality of gastric cancer in intervention groups
from 1996 to 2000.
140
120
Mortality (1/105)

Table 3 Cumulative mortality rate and relative risk

40

0

Total
Male
Female

100
80
60
40
20
0

1996

1997

1998
1999
Year

r

Male
Female
Total

0.8688
0.6690
0.8148

F

P

9.2369
2.4308
5.9256

0.0559
0.2169
0.0930

Mortality (1/10 )

Intervention

Control

AR%

69.13
34.97 0.5059 0.3462~0.7392

49.41

Potential years of life lost in gastric cancer
From 1996 to 2000, the potential years of life lost (PYLL) of
gastric cancer were 731 person-years, and the PYLL was 3.07 ‰,
which meant the lost years of 1 000 people from gastric cancer
were 3.07 every year. In the intervention group, the PYLL
was 300 person-years, and the PYLL was 2.89 ‰. The PYLL
of the control group was 431 person-years, and the PYLL was
3.94 ‰ (Figure 6). The PYLL in intervention group in 1996
and 1998 was not significantly different from that in control
group (χ2=1.3948, 0.2074, P>0.05), and the differences in
1997, 1999 and 2000 were statistically significant (χ2=5.0603,
73.2124, 11.4119, P<0.05). Difference of the total PYLL from
1997 to 1999 between the intervention group and the control
group was significant (χ2=16.1527, P<0.01).

6
5
4
3
2
1
0

1996

1997

Control

1998

1999

2000

Figure 6 PYLL in intervention group and control group from
1996 to 2000.

The RR of intervention to cumulative PYLL was 0.6778
(95 % CI: 0.5604~0.8198, P<0.05), which was statistically
significant. The AR % of the intervention to cumulative PYLL
was 30.32 %, which showed that the intervention decreased
PYLL of gastric cancer by 30.32 % of all population.
Table 4 PYLL and its RR

80
60

Total
PYLL
person-year

40
Control
Intervention

20
0

RR 95%CI

Year

The difference of the mortality rate of gastric cancer between
the intervention group and the control group in 1996 was not
significant (χ2=0.0283, P>0.05). The annual average rates
between the intervention group and the control group from 1997
to 2000 differed significantly (χ2=5.873, P<0.05) (Figure 5).
100

69
41

RR

Intervention

Table 2 Linear correlation in gender of gastric cancer mortality in intervention groups
Group

99 816
117 234

2000

Figure 4 Mortality of gastric cancer in control groups from
1996 to 2000.

5

March 15, 2003 Volume 9 Number 3

Relative risk analysis
One hundred and ten patients in both groups had died from
gastric cancer since the beginning the trial in 1997. The
cumulative mortality rate (CMR) was 34.97×10 -5 in
intervention villages, and 69.13×10-5 in control villages. The
relative risk (RR) of intervention was 0.5059 (95 % CI:
0.3462~0.7392, P<0.05) with statistic significance. The
attributable risk percent of the intervention was 49.41 %, which
indicated that intervention reduced gastric cancer death by
49.41 % of all population. All these data showed that the
intervention approaches can reduce the death of gastric cancer.

PYLL rate (%o)

Mortality (1/105)

100

World J Gastroenterol

1996

1997

1998
Year

1999

2000

Figure 5 Mortality rate in intervention and control groups from
1996 to 2000.

87 757
103 191

272
223

PYLL
(‰)

3.10
2.16

RR

RR 95%CI

AR%

0.6778

0.5604~0.8198

30.32

Survival analysis
During the 4-year observation after intervening, 32 patients
with gastric cancer were detected by screening, of which 9
patients died. The annual survival rates were shown in Table 5.
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Table 5 Annual survival rate and its 95 % CI
Year
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in this article is mostly due to secondary prevention, that is early
discovering, early diagnosis and early treatment.

Survival rate

Standard error

95 % CI of survival rate

1-

0.8305

0.0691

0.6951, 0.9659
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2-

0.7173

0.0852

0.5503, 0.8842

1

3-

0.7173

0.0852

0.5503, 0.8842

4-

0.6751

0.0956

0.5298, 0.9047

2
3
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repair (MMR) gene are closely related to the occurrence of
MI and abnormality of genes[2, 3]. Expression of p16 gene was
significantly reduced in gastric cancer[4-12] and was associated
with the progression and metastasis[13, 14]. The relationship
between the MI of p16 gene in the gastric cancer and adjacent
cancer tissue and the abnormal expression of MMR gene has
rarely been reported. In this paper, two microsatellite loci,
D9s171 and D9s1604 located at the upstream of p16 gene,
were selected to study the loss of heterozygosity (LOH) of
9p21-22 region in gastric cancer tissues. The expression of
hMSH2 mRNA in gastric cancer, adjacent cancer and normal
gastric tissues was detected by in situ hybridization with
hMSH2 oligonucleotide probe.

Abstract
AIM: To detect the loss of heterozygosity (LOH) frequency
of microsatellite sites D9s171, D9s1604 of p16 gene and
expression of hMSH2 mRNA in various differentiated types
of gastric cancer, adjacent cancer tissues and normal gastric
mucosa.
METHODS: LOH was detected by polymerase chain reaction
(PCR)-denaturing polyacrylamide gel electrophoresis-silver
staining. The expression of hMSH2 mRNA was examined
with in situ hybridization.
RESULTS: The frequency rate of LOH was significantly
higher in gastric cancers than that in adjacent cancer tissues
(P=0.032). No significant difference was noted among
various differentiated types and various clinical stages of
gastric cancers. The significantly reduced expression of hMSH2
mRNA positive signal cells exhibited in gastric cancers, in
comparison with that in the adjacent cancer tissues and normal
gastric mucosa, respectively (P=0.001). No significant
difference was noted among various clinical stages of gastric
cancers (P>0.05). The difference of positive signal cells in
poorly differentiated cancers and those in well and moderately
differentiated cancers were significant (P<0.001).
CONCLUSION: The frequencies of LOH in two microsatellite
sites, D9s171 and D9s1604, in p16 genome were associated
with development of gastric cancer and no significant
correlation was demonstrated between the LOH frequency
and the cell differentiated types of tumor cells or clinical
stages. There was a positive relationship between the
expression of hMSH2 mRNA and the differentiated types of
gastric cancer.
Zhang QX, Ding Y, Le XP, Du P. Studies on microsatellite
instability in p16 gene and expression of hMSH2 mRNA in human
gastric cancer tissues. World J Gastroenterol 2003; 9(3): 437-441
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INTRODUCTION
Microsatellite instability (MI) occurs frequently adjacent to
the loci of tumor suppressor genes[1]. The defects of mismatch

MATERIALS AND METHODS
Specimens
All the specimens were collected from the First and Second
Affiliated Hospital of Medical College of Zhengzhou
University and the People Hospital of Henan Province.
Specimens used to extract DNA: Specimens of gastric
cancer tissue, adjacent cancer tissue and normal gastric mucosa
were from each of 20 patients with gastric cancer. Of 20
patients, there were 4 cases with well differentiated and 16
moderately and poorly differentiated gastric cancer tissue. All
specimens were used for isolation of DNA.
Specimens used in situ hybridization: gastric cancer
specimens in 27 cases (including 20 cases gastric cancer
specimens, with no history of radio- or chemotherapy
preoperatively), adjacent cancer tissue specimens in 10 cases
and normal gastric tissue specimens in 19 cases were used in
situ hybridization. All the specimens were diagnosed
pathologically (well differentiated in 5 cases, moderately 9
and poorly differentiated cancer 13). According to the PTNM
of International Alliance of Anticancer in 1987, the specimens
were divided into 4 clinical stages, the number in stage I, II,
III and IV was 5, 10, 9 and 3, respectively.
Detection of microsatellite instability
The tissue DNA was extracted by routine phenol-chloroform
method. The primers were synthesized by Shanghai Cell
Biology Research Institute of China Scientific Institute and
purified with PAGE. The sequence of primer was as follows,
D9s171: 5’AGCTAAGTGAACCTCATCTCTGTCT3’,
5’ACCCTAGCACTGATGGTATAGTCT3’, and the length
o f am p li f ie d f r a g m e n t was 1 5 9 - 1 7 7 b p ; D9 s 1 6 0 4 :
5’CCTGGGTCTCCAATTTGTCA3’,
5’AGCACATGACACTGTGTGTG3’, and the length of
amplified fragment was 172-196bp. The annealing temperature
of PCR was 60 and 50 , respectively. The PCR products
were electrophoresized on 80 g/L denatured polyacrylamide
gel under constant voltage of 30 V/cm. The gel was stained
with silver staining after electrophoresis.
In situ hybridization
Digoxigenin-labeled hMSH2 oligonucleotide probe and BCIP/
NBT staining system were used to demonstrate the expression
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of hMSN2 mRNA. Control consisted of specimens pretreated
for 30 min, and specimens
with 0.05 g/L RNase A at 37
hybridized with hybridization buffer without probe.

Analysis of results
Compared with that of normal gastric mucosa removed from
the same case, if the band of the identical allele disappeared or
its intensity reduced over 50 %, the result was defined as LOH
positive. Specimens in situ hybridization observed under
microscope, the cells with cytoplasm containing bluish violet
granules were determined as positive signal cells. Five fields
in each specimen was checked randomly.
Statistic analysis
Data of electrophoretic specimens were analyzed using Fisher’s
exact test of probabilities with SPSS 10.0 statistic software.
Correlative analysis were decided by using paired χ2 test for
numerical samples and P<0.05 was considered as significant
difference. In situ hybridization specimens were treated using
one way analysis of variance and P<0.05 was considered as
different significantly.
RESULTS
Results of LOH at D9s171 and D9s 1604 of p16 gene in gastric
cancer and adjacent cancer tissues (Figure 1 and 2)
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Table 1 LOH at D9s171 and D9s 1604 in gastric cancer and
adjacent cancer tissue
LOH(+)
Gastric cancer tissue
Adjacent cancer tissue
Total
a

LOH(-)

Total

13

7

20

6

14

20

19

21

40

P<0.05 vs adjacent cancer tissue.

Relationship between the ratio of LOH and the differentiated
type and clinical stage of gastric cancer
The difference of incidence of LOH at D9s1604 in well
differentiated adenocarcinoma (1/4) and that in moderately and
poorly differentiated cancer (10/16) was not significant (P>0.05).
The proportion of LOH in early stage and progressive stage of
cancer was 50 % (4/8) and 58.2 (7/12), respectively.
Relationship between the LOH occurred at D9s171 and at
D9s1604 in gastric cancer and adjacent cancer tissues
The incidence of LOH at D9s171 and D9s1604 were showed
in Table 2. Analysis by paired χ2 test for numerical sample
showed that an intrinsic relation exhibits between them.
Table 2 Relation between LOH occurred at D9s171 and at
D9s1604 in gastric cancer
D9s1604

+

D9s171
+

-

4

10

Total

14

-

1

25

26

Total

5

35

40

+: LOH (+); -: LOH (-); aP<0.05 vs LOH (-).

Figure 1 LOH of D9s171 in gastric cancer. Left 1: Marker Left
6: LOH(+).

Expression of hMSH2 mRNA in normal gastric mucosa, gastric
cancer and adjacent cancer tissues
The in situ hybridization positive signals of hMSH2 mRNA
appeared as bluish violet granules distributed in the cytoplasm.
No positive signals were found in nucleus. There were round
or irregular granules in positive cells in normal gastric tissues.
The number of positive signal cells increased from the
superficial to deep layer of mucosa. A few positive signal cells
scattered in the submucosa and no positive signal cells in
muscular layer (Figure 3). Expression of hMSH2 mRNA in
gastric cancer and adjacent cancer tissues was significantly
decreased than that in normal gastric tissues (Table 3). The
positive signal cells mainly scattered in the deep layer of
mucosa. No positive signal cells were found in the submucosa
and muscular layer (Figure 4, 5).
Table 3 hMSH2 mRNA in the normal gastric mucosa, gastric
cancer and adjacent cancer tissue (x±s) (In situ hybridization)

Figure 2 LOH of D9s1604 in gastric cancer. Left 6: LOH(+).

The number of LOH at D9s171 and D9s1604 in cancer
tissues in 20 cases was 3 and 10, respectively, and that in adjacent
cancer tissues was 2 and 4, respectively. There was no significant
difference between the ratio of LOH at the two microsatellite
loci. However, the combined ratio of LOH at the two
microsatellite loci in gastric cancer tissues was obviously higher
than that in adjacent cancer tissue (P<0.05) (Table 1).

n

No. of positive
cases (ratio)

No. of positive cells
in each scope

Normal gastric mucosa

19

13(68.4 %)

175.8±26.4a

Adjacent cancer tissue

10

6(60 %)

99.7±16.8b

Gastric cancer tissue

27

20(74.1%)

42.1±25.9c

P<0.01 vs adjacent cancer tissue; bP<0.01 vs gastric cancer tissue.

a
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Expression of hMSH2 mRNA in various differentiated types
of gastric cancer
Compared with that in the normal gastric tissue, the expression
of hMSH2 mRNA in gastric cancer tissue was decreased
significantly (P>0.05). The number of positive signal cells
differed among various differentiated types of gastric cancer.
In poorly differentiated cancer tissue, the positive signal cells
scattered in the middle and lower parts of mucosa, and the
number of positive signal cells was smallest (Figure 6). There
was a significant difference between the number of positive
signal cells in the poorly differentiated gastric cancer tissue
and that in the moderately and well differentiated gastric cancer
tissue (Figure 7, 8).
Figure 3 hMSH2 in normal gastric mucosa (×1000).

Figure 6 hMSH2 in poorly differentiated gastric cancer (×1000).
Figure 4 hMSH2 in adjacent gastric cancer tissue (×1000).

Figure 7 hMSH2 in moderately differentiated gastric cancer
(×1000).

Figure 5 hMSH2 in gastric cancer tissue (×1000).

Expression of hMSH2 mRNA in various clinical stage of
gastric cancer
Compared with that in the normal gastric tissue, the expression
of hMSH2 mRNA in gastric cancer tissues was reduced
significantly. However, there was no obvious difference in the
number of positive cells among the various clinical stages of
gastric cancer (P>0.05) (Table 4).
Table 4 hMSH2 mRNA in various clinical stage gastric cancer
(In situ hybridization)
Clinical
stage

n

No. of
positive cases

No. of
F value
positive cells

I

5

4

62.8±25.4

II

10

8

46.3±24.4

III

9

6

32.3±22.3

IV

3

2

13.5±3.5

2.495

P value

0.097

Figure 8 hMSH2 in well differentiated gastric cancer (×1000).

Negative reaction was showed in situ hybridization assay
in control specimen.
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DISCUSSION
Microsatellite instability of p16 gene
Microsatellite DNA is a genome-wide simple repeat sequence.
Its normal length is shorter than 350bp, and the number of
repeating is less than 60. The number of repeat unit of MI
varied with individuals or tissues even in same body[15]. MI
varied in different kinds of cancer[16-19]. In the gastric cancer
tissues, MI was a frequent event, and the average frequency of
MI was reported in different papers to be 33.9 %, 32.1 % and
25 %, respectively [20-22]. The results showed that the LOH
frequency of D9s171 and D9s1604 microsatellite loci, located
at upstream of p16 gene, were 15 % and 50 %, respectively.
The LOH frequency in well differentiated gastric cancer tissue
was lower than that in the moderately and poorly differentiated
gastric cancer tissue without significant difference (P>0.05).
The relation of MI and the differentiation degree of gastric
cancer has been not known clearly[23,24].
It was showed that MI occurred at early stage of malignancy
and gradually caused the formation of cancer[25,26]. The results
in this study showed that the LOH of microsatellite loci
exhibited 50 % frequency at the early stage of gastric cancer,
which suggested that the alteration of these loci might activate
specific oncogenes and deactivate tumor suppressor genes,
therefore, cause the development and progress of cancer. The
alteration of microsatellite DNA normally appears as LOH. If
LOH occurs frequently at the same locus of one chromosome
in the tumor, the site of occurring LOH usually is the location
of tumor suppressor gene[27]. Through the analysis of the loci
adjacent to p16 gene, small losses (<200bp) of p16 gene could
be found in many kinds of cancer, which might be one of
deactivation mechanisms of p16 gene. In this paper, two
microsatellite loci were selected to demonstrate MI, D9s171
located at the site between the upstream of p16 gene and an
adjacent tumor suppressor gene p15, D9s1604 located at the
site between the exon 1α and exon 1β of p16 gene. LOH was
detected at both D9s171 and D9s1604, and correlation between
the occurrence of MI at the D9s171 and at the D9s1604 was
existed, which suggested that occurrence of MI at the two loci
might be related molecular event.
Expression of hMSH2 mRNA
Mismatch repair gene superfamily belongs to housekeeping
genes, and is able to correct unmatched or mismatched bases
in the process of DNA replication and DNA damage repairing,
and control the accuracy of replication and recombination. Up
to date, 6 human mismatch repair genes have been found,
including 3 homologous of bacterial MutS (hMSH2, hMSH6
and hMSH3) and 3 homologous of bacterial MutL (hMSH1,
hPMS1 and hPMS2). Loss of hMSH2 protein existed in the
colonic and other cancer[28-33] and genetic alterations in hMSH2
was observed in gastric cancer cell line[34]. Loss of hMSH2
protein in the cancer tissue indicated that hMSH2 peptide or
its coding mRNA was at an instable state. The number of the
positive signal cells of hMSH2 mRNA in normal gastric
mucosa, in adjacent cancer tissue, and in gastric cancer tissue
was 175.8±26.4, 99.7±16.8 and 42.1±25.9, respectively. The
number of positive signal cells was decreased significantly in
adjacent cancer and gastric cancer tissue (P<0.01) No significant
difference was found in the number of the positive signal cells
of hMSH2 mRNA at various clinical stages in gastric cancer.
A correlation might exist between the instability of gene
expression and the development of gastric cancer. Tumor
development is a multi-step process of somatic cell mutation
and colonial amplification. With the hMSH2 (or other
mismatch repair genes) mutation and the cell proliferation, the
instability of genome occurred, and then the mutator acted
selectively at the mutated site, caused enlargement of genome
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instability in deepness and wideness, the accumulation of
oncogene mutation was accelerated and caused the formation
of tumor finally[35].
Expression of hMSH2 protein in 115 bladder cancers was
studied with immunohistochemistry[36] and showed that low
expression of hMSH2 protein exhibited in 25 % cases and
complete loss in 2 cases. A closely correlation existed between
the decrease of hMSH2 mRNA and the recurrence of poorly
differentiated cancer. The results in this work showed that
expression of hMSH2 mRNA significantly decreased in gastric
cancer tissues, especially in moderately and poorly
differentiated cancer (P<0.05). The results suggested that low
expression of hMSH2 mRNA in poorly differentiated cancer
might be related to the metastasis and prognosis of cancer.
The lower the gastric cancer was differentiated, the more
unstable the gene expression was. As the ratio of DNA
mismatch increased, the instability of genome enhanced, tumor
became more invasive and the prognosis got worse.
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Abstract
AIM: To investigate the apoptosis in gastric cancer cells
induced by paclitaxel, and the relation between this apoptosis
and expression of Bcl-2 and Bax.
METHODS: In in vitro experiments, MTT assay was used
to determine the cell growth inhibitory rate. Transmission
electron microscope and TUNEL staining method were used
to quantitatively and qualitively detect the apoptosis status
of gastric cancer cell line SGC-7901 before and after the
paclitaxel treatment. Immunohistochemical staining was used
to detect the expression of apoptosis-regulated gene Bcl-2
and Bax.
RESULTS: Paclitaxel inhibited the growth of gastric cancer
cell line SGC-7901 in a dose-and time-dependent manner.
Paclitaxel induced SGC-7901 cells to undergo apoptosis with
typically apoptotic characteristics, including morphological
changes of chromatin condensation, chromatin crescent
formation, nucleus fragmentation and apoptotic body
formation. Paclitaxel could reduce the expression of
apoptosis-regulated gene Bcl-2, and improve the expression
of apoptosis-regulated gene Bax.
CONCLUSION: Paclitaxel is able to induce the apoptosis in
gastric cancer. This apoptosis may be mediated by downexpression of apoptosis-regulated gene Bcl-2 and upexpression of apoptosis-regulated gene Bax.
Zhou HB, Zhu JR. Paclitaxel induces apoptosis in human gastric
carcinoma cells. World J Gastroenterol 2003; 9(3): 442-445
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INTRODUCTION
Apoptosis is a form of cell death characterized by active cellular
suicide during T-cell clonal deletion, embryogenesis, and DNA
damage. Apoptotic cell death is often associated with distinctive
characteristics, such as nuclear fragmentation, cytoplasmic
blebbing, and internucleosomal fragmentation of DNA.
Whether a cell committed to apoptosis partly depends upon
the balance between proteins that mediate cell death, such as
Bax, and proteins that promote cell viability, such as Bcl-2 or
Bcl-xl. Overpression of Bax has been shown to accelerate the
cell death. Overpression of antiapoptotic proteins such as Bcl2 represses the death function of Bax. Thus, the ratio of Bcl-2
to Bax appears to be a critical determinant of a cell’s threshold
for undergoing apoptosis.
Microtubule inhibitors such as paclitaxel can increase
tubulin polymerization, tubulin bundling, and cell cycle arrest.

Paclitaxel have been proven to induce apoptosis in many
cancers. In order to study the mechanism of paclitaxel induces
apoptosis of SGC-7901 gastric cancer cells, MTT assay was
used to determine the cell growth inhibitory rate. Transmission
electron microscope and TUNEL staining method were used
to quantitatively and qualitively detect the apoptosis status of
gastric cancer cell line SGC-7901 before and after the paclitaxel
treatment. Immunohistochemical staining was used to detect
the expression of apoptosis-regulated gene Bcl-2 and Bax.
We report here the results of our findings showing paclitaxel
inhibited the growth of gastric cancer cell line SGC-7901 in a
dose-and time-dependent manner. Paclitaxel induced SGC-7901
cells to undergo apoptosis with typically apoptotic characteristics,
including morphological changes of chromatin condensation,
chromatin crescent formation, nucleus fragmentation and
apoptotic body formation. Paclitaxel reduces Bcl-2 expression
and improves Bax expression on SGC-7901 cells.

MATERIALS AND METHODS
Materials
Paclitaxel was obtained from Xiehe Pharmaceutical Factory
in Biejing. MTT wAS obtained from Sigma Chemical Co. Ltd.
Anti-Bcl-2 monoclonal antibody and anti-Bax monoclonal
antibody were purchased from Beijing Zhongshan
biotechnology Co. Ltd.
Methods
Cell culture Human gastric carcinoma cell line SGC-7901
was obtained from labaratory in Shandong Provincial Hospital
and maintained in RPMI 1640 supplemented with 100 ml·L-1
fetal bovine serum, 100 kU·L -1 penicillin, 100 mg·L -1
streptomycin and 2 µmol·L-1 L-glutamine under 50 ml·L-1 CO2
in a humidified incubator at 37 . SGC-7901 cells were
incubated for different time periods in the presence of paclitaxel
at 0.001, 0.01, 0.1, 1 µmol·L-1.
MTT assay 1×105 cells/well in a 96-well plate after 24 hours
incubation were treated with increasing concentrations of
paclitaxel (0.001 µmol·L-1 to 1 µmol·L-1) for 24 to 96 hours.
10 µL of 5 g·L-1 of MTT was added to the cells in every well
and incubated for 4 hours at 37 . Culture media were discarded
followed by addition of 0.2 ml of DMSO and vibration for 10
minutes. The absorbance (OD) was measured at 570 nm using
a microplate reader. The cell growth inhibitory rate was
calculated as follows: (OD of control group -OD of experimental
group/OD of control group- OD of blank group) ×100 %.
Transmission electron microscopy The cells treated with
0.1 µmol·L-1 paclitaxel were trypsinized and harvested after
24 hours. Subsequently the cells were fixed in 4 % glutaral
and immersed with Epon 821, imbedded in capsules and
converged for 72 hours at 60 , the cells were prepared into
ultrathin section (60 nm) and stained with uranyl acetate and
lead citrate. Cell morphology was examined by transmission
electron microscopy.
TUNEL assay Apoptosis of SGC-7901 cells was evaluated
by using an in situ cell detection kit (Beijing Zhongshan
biotechnology Co. Ltd). The cells were treated in the presence
or absence of 0.1 µmol·L-1 paclitaxel for 24 to 96 hours and
fixed in ice-cold 80 % ethanol for up to 24 hours, treated with
proteinase K and then 0.3 % H2O2, labeled with fluorescein
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dUTP in a humid box for 1 hour at 37 . The cells were then
combined with POD-Horseradish peroxidase, colorized with
DAB. Controls consisted of omission of fluorescein dUTP.
Cells were visualized with light microscope. The Apoptotic
Index (AI) was calculated as follows: AI=(Number of apoptotic
cells/Total number)×100 %.
Immunohistochemical staining Immunohistochemical
staining was accomplished utilizing an avidinbiotin technique.
SGC-7901 cells treated in the presence or absence of 0.1
µmol·L-1 paclitaxel for 24 to 96 hours were grown on six-well
glass slides and fixed in acetone. After washing in PBS, the
cells were incubated in 0.3 % H2O2 solution at room temperature
for 5 minutes. The cells then were incubated with anti-Bcl-2
or anti-Bax at a 1:300 dilution at 4
overnight. Following
washing in PBS, the second antibody, biotinylated antirat Ig
G, was added and the cells were incubated at room temperature
for 1 hour. After washing in PBS, ABC compound was added
and then incubated at room temperature for 10 minutes. DAB
was used as the chromagen. After ten minutes, the brown color
signifying the presence of antigen bound to antibodies was
detected by light microscopy and photographed at ×200.
Controls consisted of omission of the primary antibody. The
Positive Rate (PR) was calculated as follows: PR=(Number of
positive cells/Total number)×100 %.

Statistical analysis
Data were analyzed employing the paired two-tailed Student t
test, and significance was assumed at P<0.05.
RESULTS
MTT assay
SGC-7901 cells were exposed to increasing concentrations
(0.001 µmol·L-1 to 1 µmol·L-1) of commercially available
paclitaxel for 24 to 96 hours. Our results show a dose- and
time-dependent increase in tumor cell mortality. The data were
summarised in Table 1.

Morphological changes
After treatment of SGC-7901 cells with paclitaxel (0.1 µmol·L-1)
for 24 hours, some cells appeared apoptotic characteristics
including chromatin condensation, chromatin crescent
formation, nucleus fragmentation and apoptotic body formation
were seen by transmission electron microscope (Figure 1).
TUNEL assay
Positive staining located in the nucleus (Figure 2). The results
showed after treatment of SGC-7901 cells with paclitaxel (0.1
µmol·L-1) for 24 to 96 hours, the AIs were apparently increased
with treat time (P<0.05) (Table 2).

Figure 2 Apoptotic cells induced by paclitaxel with TUNEL
assay (×200)
Table 2 Apoptotic Index (AI) of treated SGC-7901 cells by
paclitaxel
Time(h)

AI(%)

0
24
48
72
96

1.43±2.42
4.89±2.63b
16.34±1.85b
27.86±3.23d
36.49±3.95d

Table 1 The inhibitory effect of paclitaxel on SGC-7901 cells
(inhibitory rate, %)
Time(h)
24
48
72
96
b

RPMI-1640
0.0
0.0
0.0
0.0

b

Paclitaxel (mmol·L-1)
0.1

1

9.6
17.5d
23.8d
35.6d
b

10

18.8
21.6d
37.3d
44.7d

d

100

22.8
36.4d
47.6d
57.6d

d

34.3
45.4d
58.9d
87.8d

d

P<0.01, dP<0.001 vs the control group.

Expression of Bcl-2 proteins
Positive staining located in the cytoplasm). The results showed
after treatment of SGC-7901 cells with paclitaxel (0.1 µmol·L-1)
for 24 to 96 hours, the PRs of Bcl-2 proteins were apparently
reduced with treat time (P<0.05) (Table 3). This suggested
paclitaxel could reduce Bcl-2 expression.
Table 3 Positive Rate of Bcl-2 on treated SGC-7901 cells by
paclitaxel
Time(h)

PT(%)

0
24
48
72
96

35.44±3.86
20.50±2.71b
10.66±2.36b
6.78±1.65d
3.98±1.34d

b

Figure 1 Paclitaxel-induced apoptosis in SGC-7901 cells with
Transmission Electron Microscope Apoptotic cell with chromatin condensation, chromatin crescent formation, nucleus
fragmentation (×4000).

P<0.05, dP<0.01 vs the control group.

P<0.05, dP<0.01 vs the control group.

Expression of bax proteins
Positive staining located in the cytoplasm. The results showed
after treatment of SGC-7901 cells with paclitaxel (0.1 µmol·L-1)
for 24 to 96 hours, the PRs of Bax proteins were apparently
improved with treat time (P<0.05) (Table 4). This suggested
paclitaxel could improve Bcl-2 expression.
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Table 4 Positive Rate of Bax on treated SGC-7901 cells by paclitaxel
PT(%)

0

10.27±2.19

24

19.68±2.64b

48

30.57±3.76b

72

41.28±6.14

96

59.98±6.25b

2

b

P<0.05 vs the control group.

DISCUSSION
Apoptosis is a form of cell death characterized by active cellular
suicide during T-cell clonal deletion, embryogenesis, and DNA
damage. Apoptotic cell death is often associated with distinctive
characteristics, such as nuclear fragmentation, cytoplasmic
blebbing, and internucleosomal fragmentation of DNA[1-6]. The
Bcl-2 family plays a central role in the control of apoptosis.
The family includes a number of proteins which have amino
acid sequence homology, including anti-apoptotic members
such as Bcl-2 and Bcl-xL, as well as pro-apoptotic members
including Bax and Bad [7-10]. Overpression of Bax has been
shown to accelerate the cell death [11-15] . Conversely,
Overpression of antiapoptotic proteins such as Bcl-2 represses
the death function of Bax[16-20]. Thus, the ratio of Bcl-2 to Bax
appears to be a critical determinant of a cell’s threshold for
undergoing apoptosis[21].
Microtubule inhibitors such as paclitaxel can increase
tubulin polymerization, tubulin bundling, and cell cycle
arrest[22-24]. Paclitaxel have been proven to induce apoptosis in
many cancers [25-37]. In order to study the mechanism of
paclitaxel induces apoptosis of SGC-7901gastric cancer cells,
MTT assay was used to determine the cell growth inhibitory
rate. Transmission electron microscope and TUNEL staining
method were used to quantitatively and qualitively detect the
apoptosis status of SGC-7901gastric cancer cell before and
after the paclitaxel treatment. Immunohistochemical staining
was used to detect the expression of apoptosis-regulated gene
Bcl-2 and Bax.
In the present study, MTT assay was used to observe the
effect of paclitaxel on the growth of SGC-7901 gastric
carcinoma cells in vitro, indicating that the drug could inhibit
the the growth of gastric carcinoma cells. Our results show a
dose- and time-dependent increase in tumor cell mortality. Its
concentration- and time-effect relationships were significant.
TUNEL assay showed after treatment of SGC-7901 cells with
paclitaxel (0.1 µmol·L-1)for 24 to 96 hours, the AIs were
apparently increased with treat time (P<0.05).
Immunohistochemical staining was used to detect the
expression of Bcl-2 proteins and Bax proteins. The results
showed after treatment of SGC-7901 cells with paclitaxel
(0.1 µmol·L-1) for 24 to 96 hours, the PRs of Bcl-2 proteins
were apparently reduced with treat time (P<0.05), but the PRs
of Bax proteins were apparently improved with treat time
(P<0.05). These suggested paclitaxel could reduce Bcl-2
expression and improve Bcl-2 expression. The ratio of Bcl-2
to Bax was decreased. The decreased ratio could trigger the
apoptosis of SGC-7901 cells.
The research in our laboratory demonstrated paclitaxel is
able to induce the apoptosis in gastric cancer. This apoptosis
may be mediated by down-expression of apoptosis-regulated
gene Bcl-2 and up-expression of apoptosis-regulated gene Bax.
The mechanism of Paclitaxel as a chemotherapeutic drug in
anti-gastric carcinoma chemotherapy should be further studied.
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Abstract
AIM: Oxidative stress participates in the cell carcinogenesis
by inducing DNA mutations. Our aim was to assess whether
ascorbic acid, an antioxidant, could have a role in preventing
ROS (Reactive Oxygen Species) generation in experimental
gastric carcinoma in a rat model.
METHODS: Experimental gastric cancer was induced in
twelve Wistar male rats (weighting 250-350 g) by profound
duodeno-gastric reflux throught split gastrojenunostomy. The
rats were allocated to the following groups: Group I (n=6)
was the control; Group II (n=6) which was mantained with
daily intake of tape water with Vitamin C (30 mg/Kg). After
6 or 12 months, samples of gastric tumor or non tumor
mucosa were taken from the anastomosis of both groups.
Oxidative stress was measured by superoxide quantification
through lucigenin-amplified chemiluminescence base and
by staining with Nitrobluetetrazolium. The histopathologic
confirmation of adenocarcinoma was made by eosinhemathoxilin method.
RESULTS: The intestinal type of gastric adenocarcinoma
was microscopically identified in all animals of group I
whereas only 3 rats of group II showed an adenocarcinoma
without macroscopic evidence of them. The cancers were
located in the anastomosis in all cases. Basal luminescence
from tumor gastric tissue generated 38.4±6.8 count per
minute/mg/x10 6 (mean±SD) and 14.9±4.0 count per
minute/mg/x106, respectively, in group I and II animals (P
<0.05). The Nitrobluetetrazolium method showed intense
staining in tumor tissues but not in non neoplasic mucosa.
CONCLUSION: Experimental gastric tumors seem to
produce more reactive oxygen species than non neoplasic
gastric tissue. The reduction of oxidative stress and gastric
tumor incidence in rats were induced by the intake of ascorbic
acid. Therefore, it may have a role in the prevention of
gastric carcinoma.
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INTRODUCTION
The pathogenesis of human gastric cancer is a multistep and
multifactorial process[1]. The complex of cellular and molecular
changes can be mediated by a diversity of endogenous and
enviromental agents that include free radicals, H. pylori infection
[2, 3]
bile reflux, intake of diets high salt and low consuption of
fruits and vegetables[1]. Free radicals or reactive oxygen species
(ROS) are low molecular weight metabolites reactive enough
to damage essential biological molecules. The inability of the
cell to scavenge ROS, overproduced by failure of the antioxidant
systems, induced lesions in macromolecules such as DNA,
proteins and lipids of cytosolic membranes. The release of ROS
inside the nuclear membranes of the cell can damage the DNA,
and there it induces mutations[8,9] which is one of bases of the
carcinogenesis[4]. There are several mechanisms that could
explain the relationships between the cell oxidative stress and
the growth of tumors, such as proto-oncogene expression,
generation of genotoxic products like 8-hydroxynonenal and
convertion of procarcinogens to carcinogens[4].
Epidemiologic studies has shown that vitamin C dietary
intake decreases the risk for gastric tumor development[5, 6].
Both antioxidant property and the ability to react with nitrite
make vitamin C a putative candidate agent in the prevention of
of N-nitroso compound generation[5,7,8]. There were a number
reports on the role of the ROS as the first step in cancer induction,
but there were few on ROS generation in tumor tissue and on
the possible properties of vitamin C in protecting the cell against
tumor transformation using an intragastric bile reflux rat model.
The objectives of this work were to determine what is the
oxidative stress involvement in experimental gastric
carcinogenesis induced by intragastric bile reflux and what are
the effects of the ascorbic acid on ROS generation in this model.
MATERIALS AND METHODS
The animal experiments were carried out in accordance to the
Institute of Experimental Animals of School of Medicine,
University of São Paulo Guidelines for Care and Use of
Laboratory Animals.
Study groups
Wistar male rats (weighting 250-350 g) were submitted to the
surgical procedure and were randomilly allocated into two
groups: Group I (n=6) was the control animals; Group II (n=6)
was animals with daily oral administration (7 days per week)
of Vitamin C (30 mg/Kg body weight) tape water solution.
The total amount of vitamin C for 4 animals, in each cage, was
dissolved in the total minimal volume of water intake that was
previously measured for each animal. All rats were mantained
in light and dark alternatively each phase for 12 h.
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Surgical procedures
Experimental gastric cancer was induced by profound
duodeno-gastric reflux in twelve Wistar rats underwent split
gastrojejunostomy. The jejunum was divided at 5 cm distant
from duodeno-jejunal angle. The afferent loop was anatomosed
to the gastric body whereas the efferent jejunal loop was
anastomosed in pre-pyloric antrum. The animals were killed
at 6th month after the surgical procedure according with the
appearence of weigth loss, intestinal obstruction, ascites,
anemia and visible abdominal mass. When these signs did not
appear, the animals were killed at the 12 th month after the
operation. Just after killing, three fragments of 5 mm2 each,
were taken from the gastric tumor and from the gastric mucosa
without tumor, at the same place on the anastomosis.
Lucigenin-amplified chemiluminescence assays
Each fragment was immersed in Krebs-HEPES buffer
composition in mmol/L: NaCl 118.3; KCl 4.69; CaCl2 1.87;
MgSO4 1.20; KH2PO4 1.03; NaHCO3 25.0; Glucose 11.1; NaHEPES 20.0) at 37 , strictly maintained at pH 7.40, for at
least 15 min. The gastric fragments were rapidly transfered to
a counter vial, under light protection, and immersed in 2.0 mL
of a solution of Krebs-HEPES buffer and 0.10 mol/L lucigenin
(Sigma Chemicals). This lucigenin concentration was chosen
because, instead of higher concentration ranges, it has been
shown to reflect superoxide generation by tissues. Each
fragment was counted for 10 min in a luminometer (Berthold
Multi Biolumat). Vials containing the buffer and lucigenin
alone were counted and these blank values were subtracted
from the signals obtained from the tissue fragments. The counts
were normalized for the dry weight of each fragment. The
results were expressed as counts per min per mg. In some
experiments the gastric fragments were hold for 45 min in a
solution of superoxide dismutase (100 kU/L) before and during
the counts. NADH (0.1 mol/L) or NADPH (0.1 mol/L) were
added to the counter vials in some experiments.
Histochemistry with nitrobluetrazolium
Nitrobluetetrazolium (NBT) is a yellow dye that, under double
reduction, generates insoluble bluish/black diformazan
precipitates that are visible by light microscopy. NBT can be
reduced directly by superoxide radicals, but it can also work
as an electron acceptor during diaphorase enzyme activity. The
gastric fragments (tumoral or not) were prepared as above,
and immersed in a solution containing NBT (1.25 mg/mL),
bovine serum albumin (17 mg/mL), NADH (0.1 mmol/L) and
NADPH (0.1 mmol/L) for 30 minutes. The fragments were,
then, fixed in 4 % buffered formalin, pH=7.40, for 24 hours.
Afterwards, these specimens were then, embedded in paraffin,
cut into 10 micra-thick slices and examined by light
microscopy, without additional staining.
Hystology
The fragments previously fixed in 100 mL/L formalin, were
dehydrated though increasing concentration of alcohol
solutions, soaked in paraffin, cut into 5 mm -thick slices, stained
with hematoxilin-eosin (HE) and examined by light
microscopy.
Statistical analysis
The data are expressed as mean ± SEM. The values of differences
between groups were compared using the Student test. P critical
value of 0.05 was choosen to identified significant different means.
RESULTS
Each of the six rats of Group I at 6th month after surgery had
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two advanced gastric tumor (Figure 1A), each one on the side
of gastric mucosa of both afferent and efferent anastomosis.
The rats of Group II had no signs of gastric tumor. However,
in three of them, an early well differenciated intestinal
adenocarcinoma of the anastomosis was microscopically
detected (Figures 1B). The stromal tissue of these tumors had
plenty inflammatory cells. The three other rats had epithelial
inflammation and intestinal metaplasia in the same place of
the macroscopic tumors in the another three animals. The well
differentiated patterns of tumors were similar in both groups.

Figure 1 A. Microscopic appearance of the gastric tumor
(Note the tubular pattern with variability of glomerular size,
rudimentary papillary and nuclear atipia); B. Macroscopic
appearance.
50
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Figure 2 Lucigenin amplified-luminescence (count per minute

× 10 6). Basal Luminescence in the tumor and non tumoral

mucosa. The addition of SOD (100 kU/L) to the substrate decreases the amplified-luminescence in visible tumoral mucosa
and non tumoral gastric mucosa of rats.

The values of basal luminescence were higher in Group I
(38.4±6.8 count per minute/per mg/×10 6) than in Group II
(14.9±4.0) (P<0.05). The addition of NADPH to the substract
increased the luminescence in the non visible tumor tissue of
the rats of Group II more than tumor tissues of Group I.
Addition of NADH, however, increased the luminescence
production by tumors and non tumorous mucosa. The
luminescence generation after addition of superoxide dismutase
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(SOD) was reduced in about 80 % and 30 % respectively, is
the tumors and in non tumor gastric mucosa (Figure 2).
Histochemical features produced by NBT showed insoluble
bluish/black diformazan precipitates, visible with light
microscopy in tumor tissue but not in the non tumoral tissues.

DISCUSSION
The choice of this experimental design was based on our previous
studies which demonstrated that the appearence of gastric cancer
was evident in these models at least after the 6th month of the
surgical procedure. Gastric carcinogenesis is a multifactorial
event. Endogenous and environmental stimuli are involved like
H. pylori infection and gastric accumulation of N-nitroso
compounds[9-11]. Indeed there are evidences that oxidative stress
participates in the carcinogenic cell transformation induced by
DNA mutations[1,4]. Studies on populations at high risk to
gastrointestinal cancer have shown that dietary antioxidants are
able to reduce the prevalence rates of cancer and, therefore, seem
to protect them against the carcinogenesis in the stomach[12,13].
In our rat model of profound duodeno-gastric reflux induced
gastric adenocarcinomas within a 6-12 month period after the
surgical procedure without antioxidant therapy. On the contrary,
in animals with daily intake of vitamin C during the postoperative
period, no obvious signs of gastric tumor were detected after 12
months. Though, in three of them, microscopic early gastric
adenocarcinoma was found. Interestingly, the other three rats of
this group remained without gastric carcinoma for as long as twelve
months after the potential carcinogenetic surgical procedure. So,
vitamin C seems to have a breaking role on the carcinogenetic
process in the gastric mucosa under chronic and intense duodenalgastric reflux. Probably this action might be due to the its
antioxidant properties and the ability to react with nitrites,
preventing the formation of gastric N-nitroso compounds.
The lucigenin-amplified luminescence method showed that
the generation of ROS was higher in gastric neoplasic than in non
neoplasic tissue. Macroscopic tumor in the rats of group I produced
more luminescence than gastric tissue in the rats of group II without
any visible tumor. These features suggest that increased ROS
activity participates in gastric carcinogenesis during the
development to the most advanced stages of the cancer. Indeed,
the presence of ROS in non tumorous mucosa during the presence
of cancer in the anastomosis suggests that is not possible to
preclude the primary effect of the reflux that might induce cancer
during the early stage of carcinogenetic process. The use of an
antioxidant agent, such as vitamin C, can reduce the ROS
generation and, thus tumor cell transformation. Recent studies
have suggested that the gastric concentration of ascorbic acid is
decreased in H.pylori infected patients[2,3], especially, in patients
who had intestinal metaplasia and serious and extensive gastritis.
This fact could be associated with the gastric carcinogenic
mechanism. On the other hand, intragastric bile reflux seems to
induce intestinal metaplasia in humans, but only in the presence
of H.pylori gastritis[14]. In our previous studies using rats without
H.pylori infection, metaplasia had preceeded the appearance of
gastric adenocarcinoma. In the present study a relationship
between intragastric bile reflux and oxidative stress could be
observed. The use of vitamin C reduced the ROS generation that
might have had a role in the tumoral cell transformation. The
addition of NADPH induces superoxide generation by action of
NADPH oxidase produced by activated neutrophils present in
inflammatory tissues. The ROS generation in group I seems to be
produced by the tumor and not by the inflammatory activity
because: (1) there was no increase of luminescence when it was
added to phorbol myristate acetate and (2) the luminescent
response to NADH addition was higher than NADPH addition.
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However, in group II, the addition of NADPH increased the
luminescent activity more than it did after the NADH addition.
These observations are relevant, because, in gastric tissue with
visible tumors, superoxide generation might be related to
gastric adenocarcinoma but not to the inflammatory process.
Notwithstanding, when the gastric tissue without visible tumors
was exposed to NADPH, there was an increase in the
luminescence measures, in spite of the inflammation present
in the tissue samples. A relationship was also established
between histochemical data and superoxide generation.
Moreover, the addition of a superoxide blocker (superoxide
dismutase) to the substrate of tumor tissues caused a 80 %
reduction of the luminescence generation.
As previously reported, the present study confirms the
relationship between gastric superoxide anion generation and
gastric carcinogenesis of the intestinal type, in rats. Vitamin C
also seems to have a proctective role in the cell mutagenic
factors by a retarding action upon the growth of gastric tumors.
This putative protection may be explained by the reduction of
oxidative stress in gastric tissue. Consequently, vitamin C could
be used in further therapeutic approaches.
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Abstract
AIM: Our previous research on the surgical samples of
primary liver cancer with CGH showed that the loss of human
chromosome 8p had correlation with the metastatic
phenotype of liver cancer. In order to seek the functional
evidence that there could be a metastatsis suppressor gene
(s) for liver cancer on human chromosome 8, we tried to
transfer normal human chromosome 8 into rat liver cancer
cell line C5F, which had high metastatic potential to lung.
METHODS: Human chromosome 8 randomly marked with
neo gene was introduced into C5F cell line by MMCT and
positive microcell hybrids were screened by double selections
of G418 and HAT. Single cell isolation cloning was applied
to clone microcell hybrids. Finally, STS-PCR and WCP-FISH
were used to confirm the introduction.
RESULTS: Microcell hybrids resistant to HAT and G418 were
obtained and 15 clones were obtained by single-cell isolation
cloning. STS-PCR and WCP-FISH proved that human
chromosome 8 had been successfully introduced into rat
liver cancer cell line C5F. STS-PCR detected a random loss
in the chromosome introduced and WCP-FISH found a
consistent recombination of the introduced human
chromosome with the rat chromosome.
CONCLUSION: The successful introduction of human
chromosome 8 into highly metastatic rat liver cancer cell
line builds the basis for seeking functional evidence of a
metastasis suppressor gene for liver cancer harboring on
human chromosome 8 and its subsequent cloning.
Liu H, Ye SL, Yang J, Tang ZY, Liu YK, Qin LX, Qiu SJ, Sun RX.
The microcell mediated transfer of human chromosome 8 into
highly metastatic rat liver cancer cell line C5F. World J
Gastroenterol 2003; 9(3): 449-453
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INTRODUCTION
With the practice of diagnosis of primary liver cancer at early
stage, surgical resection of small hepatocellular carcinoma
(HCC) and other improvements in medical diagnosis, imaging,
nonsurgical therapies, etc, important progresses have been

made toward the control of liver cancer. For example, surgical
resection of small HCC has resulted in a marked increase in 5year survival rate from 20-30 % to 40-60 %. In our institute,
the 5-year survival rate of 963 patients with small HCC ( 5 cm)
resection was 65.1 %. However, recurrence and metastasis still
remain to be major challenges for clinical workers[1-3]. The main
obstacle to control of metastasis for liver cancer is the lack of
sensitive predictive biomarkers and novel molecular targets
for biotherapies[4,5]. The discovery of metastasis suppressor
genes for liver cancer will undoubtedly be of vital importance
to the prognostic diagnosis and intervention therapy for
overcoming the metastasis of liver cancer.
Our previous study suggested that there may harbor
metastasis suppressor genes on human chromosome 8p[6]. To
seek functional evidence for this possibility, we tried to
introduce the normal human chromosome 8 into the highly
metastatic rat liver cancer cell line C5F[3] through microcell
mediated chromosome transfer (MMCT). The positive
microcell hybrids were screened through drug selection and
confirmed by sequence tagged sites- polymerase chain reaction
(STS-PCR) and whole chromosome painting-fluorescence in
situ hybridization (WCP-FISH).

MATERIALS AND METHODS
Cell lines
The highly metastatic rat liver cancer cell line C5F[7] was
generously provided by Dr.Kumiko Ogawa (the First
Department of Pathology, Nagoya City University, Nagoya,
Japan). The cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10 % fetal
bovine serum (FBS). The human chromosome 8 donor cell
line A9 (neo8) was purchased from Japanese Collection of
Research Bioresources (JCRB) Cell Bank, Osaka, Japan. A9
(neo8) is a mouse fribroblast cell line that contains a human
chromosome 8. The human chromsome 8 was randomly
marked with neo resistant gene. The A9 (neo8) cells were
cultrured in DMEM containing 10 % FBS and 800 µg·mL-1
geneticin (G418).
Reageants and instruments
Colcemid, cytochalasin B, phytohemagglutinin A (PHA),
polyethylene glycol (PEG, MW1 300~1 600, Hybrid-Max®)
and Dimethylsulfoxide (DMSO, Hybrid-Max ® ) were
purchased from Sigma, USA. DMEM high glucose, 100× HAT
(10 mM hyproxanthin, 40 µM aminopterin, 1.6 mM thymidine)
and G418 were ordered from Life Technologies, GIBCO BRL,
USA. IsoporeTM polycarbonate membranes were purchased
from Millipore, USA. WCP paint DNA probes for chromosome
8 (SpectrumGreenTM) were purchased from Vysis Inc, IL, USA.
Primers were ordered from Sangon Biotechnology Company,
Shanghai, China. Taq polymerase, dNTP and 100bp DNA
ladder marker were the products of Sino-America
Biotechnology Company, China. Fetal bovine serum (FBS,
define) and Bovine Calf Serum (BCS) were purchased from
Hyclone, USA. PE-2400 thermocycler was the product of
Perkin-Elmar Company, USA. The high speed Hitachi himac
CR21G centrifuge was the product of Hitachi, Japan. Cyto
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VisionTM Chromosome Analysis System (CytovisionTM Image
Analysis Workstations, USA) was the product of Applied
Imagining, USA.

MMCT [8-10]
Micronuleation of A9(neo8) A9(neo8) cells were seeded in
six straight-neck T25 flasks respectively. Colcemid was added
to the culture to the final concentration of 0.05 µg·mL-1 when
the cells reached confluence of 80 %. The cells were
subsequently incubated at 37
in 50 mL·L-1 CO2 incubator
for 40-48 h.
Enucleation and filtration Media was removed from culture
and cells were washed twice with PBS. The flasks were filled
to the neck with DMEM containing 20 µg·mL-1 cytochalasin
B which had been prewarmed at 37 . Flasks were sealed
with parafilm, and then put into a R12A3 rotor (fixed-angle
28°) to centrifuge at 7 500×g at 36 for 75 min. Pellets were
collected and resuspended with DMEM. Suspension was serially
filtered through 8 µm, 5 µm and 5 µm polycarbonate membranes.
Microcells were observed and counted on hemacytometer under
microscope. Microcells were collected again by centrifuging at
2 000×g at 4
for 20 min and thereafter resuspended with 2
mL of DMEM with 100 µg·mL-1 PHA-P.
Microcell fusion & drug selection of microcell hybrids The
recipient cell line C5F was trypsinized to make single cell
suspension and counted on a hematocytometer for its cell
density. C5F cells equivalent to 1/10 of microcells were taken
and washed twice with PBS to get rid of remnant serum and
thereby collected by centrifugation and resuspended with the
PHA-P solution containing the microcells. The mixture was
incubated at 37 for 15 min and subsequently centrifuged at
2 000×g for 15 min. Supernatant was removed as much as
possible. Microcells were fused with the recipient cells for 3060 s with 1 mL of 50 % PEG, 10 % DMSO in DMEM. Fusion
reaction were terminated immediately by adding 10 mL of
DMEM containing 5 % DMSO to remove the PEG medium.
Pellets were resuspended with DMEM supplemented with
for 48 h and
10 % FBS. The culture was recovered at 37
replaced with selective media of 1×HAT and 800 µg·mL-1
G418. The selective medium was refreshed twice per week.
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added. The mixture was incubated at 37
in water bath for
6 h. Genomic DNA was extracted with phenol and chloroform,
precipitated with ethanol, dissolved with 20 µL of sterile ddH2O, quantitated by spectrophotometer, diluted to 10 µg·µL-1
with sterile dd-H2O, and finally aliquoted and stored at -20 .

STS-PCR[13,14]
A human STS, D8S277, which located at 8p23.3-p22, was
randomly chosen to confirm the result of MMCT. Primers were
designed according to the published sequences on NCBI
UniSTS database (http://www.ncbi.nlm.nih.gov/genome/sts/).
Forward primer: CCAGGTGAGTTTATCAATTCCTGAG;
reverse primer: TGAGAGGT CTGAGT GAC ATCCG. PCR
product size: 148-180 (bp). PCR reaction solution (10 mmol·L-1
Tris, 50 mmol·L-1 KCl, 2 mmol·L-1 MgCl2, 0.001 % Gelatin,
200 mmol·L-1 dNTPs, 0.5 mmol·L-1 primers and 2U of Taq
polymerase) was added into 50 ng of DNA template for each
sample respectively. PCR program was run as: 94 2 min, 1
cycle; 95 40 s 60 40 s 72 40 s, 35 cycles in all; 72
4 min, 1 cycle; keep at 4 . Results were checked on 2 %
agarose gel electrophoresis stained with ethidium bromide.
Chromosome slide preparation[15]
Microcell hybrids at logarithmic phase were treated with
colcemid at a final concentration of 0.02 µg·mL-1 for 45 to 60
min at 37 and trypsinized subsequently to make single cell
suspension. Cells were pelleted and then exposed to 5 mL of
hypotonic solution (0.075 M KCl) by incubating for 10 to 15
in a water bath. Chromosomes were repetitively
min at 37
fixed with methanol: glacial acetic acid (3:1, volume ratio)
for 3 times, and finally resuspended with 0.5-1 mL of fixative.
Three to four drops were dropped evenly on a cold wet slide,
which was allowed to dry later. It was examined under low
magnification phase objective (10× or 16×) to check the cell
density and spread of metaphase chromosomes.

Single cell Isolation cloning [11]
Viable cells in selective media of G418 and HAT were
trypsinized to make single cell suspension. Cell density was
examined on a hematocytometer. Fifty to one hundred cells
were added into a P100 culture plate with serum free DMEM.
Single cells were picked up with a P20 pipette under
microscope in laminar flow. It was assured that there was only
one cell in view under a low-power objective to exclude the
possibility of aspirating more than one cell each time. The
opening of tip was pointed by the side of the selected cell and
5 µL media was aspirated each time. The single cell could be
seen disappear into the tip under the low magnification
microscope. Single cells were added to 96-well cell culture
plate containing 0.1 mL of selective media (DMEM
supplemented with 20 %FBS containing 1×HAT and 800
µg·mL-1 G418) in each well. After about 10 days, clones that
are actively proliferating were picked up and transferred to a
24-well plate. After about 7 days, cells were transferred again
to T25 flask. When cells reached large quantity, they were
freezed down in liquid nitrogen to keep in stock.

WCP-FISH[16]
WCP-FISH was performed according to the protocol provided
by Vysis Inc (IL, USA). Briefly chromosome slides were
immersed in denaturation solution (700 mL·L-1 formamide/
2×SSC) at 73 ±1 in water bath for 5 min and subsequently
dehydrated serially in 700 mL·L-1, 850 mL·L-1 and 1 000 mL·L-1
ethanol and dried at 45 - 50 . The WCP probe mix (7 µL
of WCP hybridization buffer, 2 µL of purified H2O and 1 µL
of WCP paint DNA probe for human chromosome 8 Spectrum
GreenTM) was incubated at 73 ±1 in water bath for 5 min
ready for use. The probe mix was
and placed at 45 ~50
applied to the target area and coverslip was immediately applied
which was sealed with rubber cement. Slides were placed in a
prewarmed humidified box, which were put into a 37
incubator for 16 h. Coverslips were removed from slides, which
were immediately immersed in 0.4×SSC/ 3 mL·L-1 NP-40
prewarmed to 73 ±1
agitating for 1-3 s. Slides were
removed after 2 min and immersed into 2×SSC/ 1 mL·L-1 NP40 at ambient temperature agitating for 1-3 s and removed
after 5 s to 1 min. Slides were air dried in darkness. 10 µL of
DAPI counterstain was applied to the target area of slide and
coverslip was applied. Slides were viewed using DAPI/Green
Vysis filter set on an optimally performing fluorescence
microscope and images were captured using CytoVisionTM
Chromosome Analysis System (Applied Imaging).

Genomic DNA extraction from cell lines[12]
About 1×106 cultured cells were harvested by trypsinization
and centrifugation, into which 0.5 mL of cell lysis buffer (100
mmol·L-1 NaCl , 1 mmol·L-1 EDTA, 0.5 %SDS, 50 mmol·L-1
Tris-HCl, pH 8.0) and 10 µL of Proteinase K (2 g×L-1) were

RESULTS
Selective screening of microcell hybrids and single cell
isolation cloning
Three to four weeks after MMCT, viable floating cells were
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observed among dead cells in selective media containing G418
and HAT. Figure 1. The viable cells had good refraction and
round shape while the dead cells had poor refraction and
morphologic shrinkage.
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probe with its DAPI counterstain image. This recombination
was found to be consistent in different metaphase cells.
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Figure 3 STS-PCR Amplification of D8S277. 1: chromosome
donor cell line A9(neo8); 2: recipient cell line C5F; 3-7: microcell
hybrids neo8/C5F-1-5; M: 100bp ladders.

Figure 1 Double selection of microcell hybrids in HAT and
G418 (10×25 magnification).

Fifteen microcell hybrid clones were obtained by single
cell isolation cloning, which were named neo8/C5F-1~15
respectively. It took about 4 weeks for the progress of
enlargement culture serially from 96- to 24-well cell culture
plate and finally to T25 flask. Feeder cells are proven unnecessary
for the single cell isolation cloning of C5F microcell hybrids.
Figure 2 showed the microcell hyrid clone obtained in 96well plate containing selective media of HAT (1×) and G418
(800 µg·mL-1) one week after single cell isolation.

Figure 2 Single-cell isolation cloning in 96-well cell culture
plate (10×25 magnification).

STS-PCR
The chromosome donor cell line A9 (neo8) was taken as
positive control and the recipient cell line C5F as negative
control. DNA extracted from A9 (neo8), C5F and microcell
hybrids was used as template. PCR was performed with the
primers for D8S277, which is a unique STS located on human
chromosome 8p23.3-p22. PCR products, when checked on 2 %
agarose gel elctrophoresis, were found of the same length with
those reported in UniSTS database of NCBI. Figure 3 showed
that neo8/C5F-3 had the deletion of D8S277.
WCP-FISH
WCP-FISH was performed using whole chromosome painting
DNA probe for human chromosome 8 (WCP 8 probe
SpectrumGreenTM, Vysis) to confirm its presence. Figure 4 (a
and b) showed that the human chromosome 8 had been
successfully introduced into rat liver cancer cell line.
Meanwhile, the recombination of human chromosome 8 with
rat chromosome could be observed clearly by comparing the

Figure 4a WCP-FISH analysis of neo8/C5F microcell hybrids.

Figure 4b WCP-FISH of neo8/C5F microcell hybrids DAPI
counterstain.

DISCUSSION
Metastasis is a major problem puzzling both specialists of
cancer biology and of clinical oncology. Thousands of cancer
patients die of it each year while clinicians can do little to deal
with it. The main reason is that the molecular mechanisms of
metastasis have not been totally clarified yet. Researchers
fascinated by metastasis hope that the discovery of metastasis
suppressor genes could shed light on the solution of this problem,
while hitherto few of them have been discovered[17,18].
Metastasis suppressor genes suppress the formation of
spontaneous, macroscopic metastases without affecting the
growth rate of the primary cancer. Until presently, only five
genes, nm23, KAI1, KISS1, MKK4 and BrMS1, have been
proved to meet this criteria[17,18]. Despite the first metastasis
suppressor gene nm23 was discovered by subtractive
hybridization, most of encoding regions of metastasis
suppressor genes have been discovered with the methodology
of MMCT [18], which is thought to be the methodology
particularly suitable for the functional localization of metastasis
suppressor genes[19]. MMCT is established on somatic cell
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hybrid. Before MMCT was introduced, researchers had found
that somatic cell fusion of metastatic cell line with normal cells
could change its metastatic phenotype[20]. Microcells that
contain only one single human chromosome are obtained by
the micronucleation and enucleation of human
monochromosome donor cells, which include only one intact
human chromosome labeled with selective markers such as
the neo gene. The target monochromosomes are thereby
introduced into recipient cells through the fusion of microcells
with recipient cells and the cloning screening of microcell
hybrids based on drug resistance conferred. Due to unknown
reasons, the introduced chromosome is unstable and random
loss or recombination can occur, which result in a series of
microcell hybrid clones with different regions of the target
chromosome. In this study, the human chromosome 8
introduced into C5F was found to not only have random loss
by STS-PCR but also have recombined with rat chromosome
by FISH. Those clones in all are called human monochromosome
somatic cell panel[21]. In order to judge which region on the
target chromosome harbors the gene of deserved function,
spontaneous metastasis assay will be performed with these
microcell hybrids. Based on the comparison of changes of
metastatic phenotype and different chromosome regions each
microcell hybrid contains, the target gene can be narrowed
down to specific chromosome region.
Most of current researches for the discovery of metastasis
suppressor genes focused on the functional localization of
metastasis suppressor genes for prostate cancer, melanoma and
breast cancer[19, 22-31]. However, there hasn’t been any report of
such work on liver cancer. Our previous study on the surgical
samples of primary liver cancer through comparative genomic
hybridization (CGH) showed that the loss of the short arm of
human chromosome 8 had correlation with metastasis, which
suggested that there could be metastasis suppressor gene(s)
on chromosome 8p[6]. This discovery made our present research
work imperative. In this study, the highly metastatic rat liver
cancer cell line C5F, whose incidence of subcutaneous
tumorigenecity is 100 % and that of lung metastasis is 89 %,
was chosen as the recipient. The genetic background of rat
facilitated STS-PCR screening of the regions remained on the
chromosome introduced, as STS is a unique genetic marker
different between species. One STS on human chromosome
8p23.3-22, D8S277, was chosen to confirm the introduction
of human chromosome with the genomic DNA of microcell
hybrids as templates. The results indicated that the microcell
hybrids contained the STS specific for human chromosome 8,
which could be taken as a proof for the successful chromosome
transfer. Meanwhile some clones had deletions of STS, which
showed that random losses of regions on human chromosome
had occurred. This phenomenon built the basis for construction
of human monochromosome panel. The target chromosome
was randomly labeled with the G418 resistance gene, neo,
which facilitated the selection of positive microcell hybrid
clones. In the mean time, the chromosome donor cell line A9
is hypoxanthine-guanine phosphoribosyl transferase (HGPRT)
deficient. Therefore A9 can’t survive in the media with HAT.
Double selections of G418 and HAT were applied in this study
to exclude the fake clones from either chromosome donor cell
line or recipient cell line. Based on the acquisition of drug
resistance, we can reasonably infer that the target chromosome
has been transferred into C5F. The results of FISH provide the
most direct evidence for the successful chromosome transfer.
Recombination between human chromosome and rat
chromosome was also observed in different metaphase cells,
which showed that the recombination had been stabilized. The
introduction of human chromosome can cause transient genetic
instability, but with the selection the genetic change will
become stable, which is the foundation for further analysis.
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All in all, the human chromosome 8 has been successfully
transferred into the highly metastatic rat liver cancer cell line
C5F, which builds solid basis for future researches on the
discovery of metastasis suppressor genes for liver cancer.
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Abstract
AIM: To investigate the effects of tachyplesin on the cell
cycle regulation in human hepatcarcinoma cells.
METHODS: Effects of tachyplesin on the cell cycle in human
hepatocarcinoma SMMC-7721 cells were assayed with flow
cytometry. The protein levels of p53, p16, cyclin D1 and
CDK4 were assayed by immunocytochemistry. The mRNA
levels of p21WAF1/CIP1 and c-myc genes were examined with
in situ hybridization assay.
RESULTS: After tachyplesin treatment, the cell cycle
arrested at G0/G1 phase, the protein levels of mutant p53,
cyclin D1 and CDK4 and the mRNA level of c-myc gene
were decreased, whereas the levels of p16 protein and
p21WAF1/CIP1 mRNA increased.
CONCLUSION: Tachyplesin might arrest the cell at G0/G1 phase
by upregulating the levels of p16 protein and p21WAF1/CIP1 mRNA
and downregulating the levels of mutant p53, cyclin D1 and
CDK4 proteins and c-myc mRNA, and induce the differentiation
of human hepatocacinoma cells.
Li QF, Ouyang GL, Peng XX, Hong SG. Effects of tachyplesin on
the regulation of cell cycle in human hepatocarcinoma SMMC7721 cells. World J Gastroenterol 2003; 9(3): 454-458
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INTRODUCTION
A variety of anticancer agents with distinctive effects have
been used for treatment of malignant tumors. These agents
generally induce tumor cell necrosis and apoptosis as well as
differentiation. Today, induction of differentiation is a new
strategy in cancer therapy[1-6]. A number of recent experiments
have showed that cell-cycle-arrest may be necessary for cell
differentiation. The current knowledge of cell cycle regulation
have revealed that the progression of the cell cycle is governed
mainly by the activation and deactivation of cyclin-dependent
kinases (CDKs). In order for cell cycle arrest to differentiation,
it is necessary either to downregulate positive regulation of

CDKs, such as cyclins, or to activate negative regulators of
CDKs, such as CDK inhibitors (CKIs)[7].
It had revealed that tachyplesin, a low molecular weight
peptide, could alter the morphological and ultrastructural
characteristics, inhibit the proliferation and induce the
differentiation of human gastric carcinoma cells and
hepatocarcinoma cells[8,9]. In this paper, we investigate the
effects of tachyplesin on the regulation of cell cycle in human
hepatocarcinoma SMMC-7721 cells.

MATERIALS AND METHODS
Reagents
Tachyplesin was isolated from acid extracts of Chinese
horseshoe crab (Tachypleus tridentatus) hemocytes as
described by Nakamura[10] with minor modification. RPMI1640 medium were obtained from Gibco. Fetal calf serum was
supplied by Si-Ji-Qing Biotechnology Co. (Hangzhou, China).
Mouse anti-human p53, p16, cyclin D1 monoclonal antibodies
and rabbit anti-human CDK4 antibody were purchased from
Santa Cruz. Immunocytochemistry detection kit and in situ
hybridization kit were provided by Beijing Zhongshan
Biotechnology Co.
Cell culture and treatment
SMMC-7721 cells, provided by the Institute of Biochemistry
and Cell Biology, Shanghai Institute of Biological Sciences,
Chinese Academy of Sciences, were maintained in RPMI-1640
medium supplemented with 20 % heat-inactivated fetal calf
serum, 100 units/mL penicillin, 100 mg/L streptomycin and
50 mg/L kanamycin at 37 , 5 % CO2 in air atmosphere.
SMMC-7721 cells were treated with culture medium containing
3.0 mg/L tachyplesin after being seeded for 24 hours.
Flow cytometry assay
SMMC-7721 cells and the cells treated with 3.0 mg/L
tachyplesin for 2, 4 or 6 days were collected, rinsed in 0.1 M
PBS, resuspended and fixed in 70 % ethanol at 4 overnight.
Cells were centrifuged, resuspended in 100 mg/L RNase A at
37 for 30 min and in 50 mg/L propidium iodide at 4 for
30 min. Cell cycle was analyzed by flow cytometry.
Immunohistochemistry analysis
SMMC-7721 cells and the cells treated with 3.0 mg/L
tachyplesin for 5 days were seeded in little penicillin bottles
with coverslips for 48 hours respectively. The cells grown on
coverslips were fixed with cold acetone for 10 min, rinsed
twice in PBS for 15 min, immersed in 3 % hydrogen peroxide
for 10 min, washed with distilled water and PBS for 15 min,
blocked with 10 % normal goat serum for 10 min at room
temperature, and incubated with primary antibodies at 4
overnight. After incubation with primary antibodies, coverslips
were rinsed twice in PBS for 15 min, incubated with biotinlabeled secondary antibody at 37 for 10 min, rinsed twice in
PBS for 15 min, and then incubated in streptavidin-peroxidase
at 37
for 10 min. The antigen-antibody complex was
visualized with diaminobenzidine (DAB) substrate. Negative
controls were incubated in the absence of primary antibodies.
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Figure 1 Immunocytochemistry analysis of the effects of tachyplesin on the protein levels of mutant p53, p16, cyclin D1, CDK4 in
SMMC-7721 cells ( 536). The protein levels of mutant p53 (A), cyclin D1 (E), CDK4 (G) were high in SMMC-7721 cells while the
levels of mutant p53 (B), cyclin D1 (F), CDK4 (H) were decreased by tachyplesin. The level of p16 protein was low in SMMC-7721
cells (C) while high in the tachyplesin-treated cells (D).
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Figure 2 In situ hybridization analysis of p21WAF1/CIP1 and c-myc mRNA in untreated and tachyplesin-treated SMMC-7721 cells (
536). The level of p21WAF1/CIP1 mRNA was low in SMMC-7721 cells (A) but high in the tachyplesin-treated cells (B). High level of c-myc
mRNA was observed in SMMC-7721 cells (C) while the level of c-myc mRNA in the tachyplesin-treated cells down-regulated (D).

In situ hybridization
SMMC-7721 cells and the cells treated with 3.0 mg/L tachyplesin
for 5 days were seeded in little penicillin bottles with coverslips
for 48 hours respectively. In situ hybridization procedure was
carried out as described by Spector[11] with minor modifications.
The coverslips were rinsed twice in PBS, prefixed with methanol/
acetone (1:1, v/v) for 10 min, incubated in 0.1 M HCl for 10
min, rinsed in 0.01 M PBS for 5 min×2, and incubated in 25
mg/L proteinase K at 37 for 20 min and in 0.2 % glycine in
PBS for 5 min×3. They were postfixed in 4 % paraformaldehyde
for 10 min, dehydrated, and air dried. The prehybridization was
conducted at room temperature for 1 hour, followed by
hybridization in a humid chamber at 42 for 16-22 hours. The
hybridization solution contained prehybridization solution and
1.0 ug/mL digoxigenin-labeled p21WAF1/CIP1 cRNA or c-myc
cRNA probe. Coverslips were rinsed in 2×SSC at 37 for 15
min×2, in 1×SSC for 5 min×2, in 0.5×SSC for 5 min×2, in
0.2×SSC for 5 min×2, washed with Buffer I (100 mM Tris-HCl
buffer, 150 mM NaCl, pH7.5) for 5 min, and incubated with
Blocking buffer (2 % horse serum and 0.3 % Triton X-100 in
Buffer I) for 1 hour, and then incubated at 37
for 1hour in
alkaline phosphatase-conjugated anti-digoxigenin antibody
diluted 1:500 in Blocking buffer, then rinsed in Buffer I for 15
min×3, and equilibrated in Buffer II (100 mM Tris-HCl buffer,
100 mM NaCl, 50 mM MgCl2, pH9.5). The alkaline phosphatase
reaction was conducted by incubation with NBT/BCIP solution
for 20-30 min. The reaction was stopped with Buffer III (10 mM
Tris-HCl buffer, 1 mM EDTA, pH8.0). The coverslips were then
dehydrated in alcohol, cleared in xylene, and mounted on gelatin.
The negative controls were processed without labeled probes.
RESULTS
Effects of tachyplesin on the cell cycle distribution of SMMC7721 cells
Cell cycle kinetics of SMMC-7721 cells was analyzed by flow

cytometry. As demonstrated in Table 1, 3.0 mg/L tachyplesin
could induce an accumulation of the cells at G0/G1 phase on day
2, 4, 6, respectively. Compared with control group, the amount
of cells at G0/G1 phase increased from 48.2 % to 65.6 %, while
the quantity of cells in S phase decreased from 48.0 % to 24.8 %
after being treated with tachyplesin for 6 days. This indicated that
tachyplesin could arrest the SMMC-7721 cells at G0/G1 phase.
Table 1 Effects of 3.0 mg/L tachyplesin on the cell cycle kinetics of SMMC-7721 cells

G0/G1
S
G2/M

SMMC-7721

Tachyplesin 2 d

Tachyplesin 4 d

Tachyplesin 6 d

48.2 %
48.0 %
3.8 %

66.5 %
29.7 %
3.8 %

61.8 %
34.8 %
3.4 %

65.6 %
24.8 %
9.6 %

Effects of tachyplesin on p53, p16 protein levels in SMMC7721 cells
It has revealed that p53 protein detected by immunohistochemistry
is mutant p53. Immunohistochemistry showed that the level
of mutant p53 protein was high in the nucleus and cytoplasm
of SMMC-7721 cells. However, very low level of mutant p53
protein in the tachyplesin-treated cells was observed (Figure
1A and B). p16 protein was distributed mainly in the nucleolus
of SMMC-7721 cells in low level while the level of
immunohistochemistrical reaction was very high in the
tachyplesin-treated cells (Figure 1 C and D).
Effects of tachyplesin on cyclin D1, CDK4 protein levels in
SMMC-7721 cells
As shown in Figure 1E and F, the level of cyclin D1 protein
was high in the nucleolus and cytoplasm of untreated cells
while it was very weak in the cells treated with tachyplesin.
It also revealed that exposure of SMMC-7721 cells to
tachyplesin resulted in an obvious decrease of CDK4 protein
level (Figure 1 G and H).
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Effects of tachyplesin on p21WAF1/CIP1, c-myc mRNA levels in
SMMC-7721 cells
To investigate the effects of tachyplesin on the expression of
tumor suppressor gene and oncogene associated with the G0/
G1 arrest, the levels of p21WAF1/CIP1 and c-myc mRNA were
also detected. In situ hybridization assay showed that the level
of p21WAF1/CIP1 mRNA was low in the nuclear and cytoplasm of
the untreated cells while it was high in the cytoplasm around
the nucleolus in the cells treated with tachyplesin (Figure 2A
and B). And high level of c-myc mRNA was observed in the
cytoplasm of SMMC-7721 cells. However, the level of c-myc
mRNA was down-regulated in the tachyplesin-treated cells
(Figure 2 C and D).
DISCUSSION
In multi-cellular organism, the balance among cell proliferation,
cell differentiation and cell death maintains a constant cell
number. Cell proliferation depends on the cell’s growth and
division cycles, which are governed by periodic assembly of
the core cell cycle clock, composed of cyclins and cyclindependent kinases (CDKs)[7,12]. Distinct cyclins associate and
activate different CDKs throughout the cell cycle. The activity
of cyclin/CDK complexes is modulated by both activating and
inhibiting phosphorylation of the CDKs, and by binding to
cyclin-dependent kinases inhibitors (CKIs). In higher
eukaryotic cells, signals that arrest the cycle usually act at a G1
checkpoint. The G1 checkpoint can be viewed as a master
checkpoint of the mammalian cell cycle[7,13]. Regulation of the
G1 phase of the cell cycle is extremely complicated and involves
many different families of cyclins, CDKs and CKIs. In
eukaryotes, D-cyclins (D1, D2, and D3) bind CDK4 /6 to wire
external signals to the cell cycle and regulate progression
through mid-G1. cyclin E binds CDK2 in late G1 and its activity
is rate-limiting for progression from G1 to S phase[14]. The p16
tumor suppressor belongs to the INK4 family of CKIs. p16
specifically inhibit CDK4/6 by preventing binding of the
activating cyclin subunits. p21WAF1/CIP1, one CKI of CIP/KIP
family, unlike p16, binds to a number of cyclin/CDK
complexes such as cyclin D1/CDK4, cyclin E/CDK2 and cyclin
A/CDK2, inhibits kinases activities and induces cell cycle arrest
and cell differentiation[7,15-17].
In addition, some other genes are associated with G1
checkpoint. It is known that wild-type p53 gene has antiproliferation, anti-transforming and inducing apoptosis
activities. Growth arrest induced by wild-type p53 blocks cells
prior to or near the checkpoint in late G1 phase. Mutations of
p53 are observed with a high incidence in most cancer[18,19].
One of the phenotype effects of mutant p53 protein is called
dominant-negative effect, which mutant p53 can override the
normal inhibitory function of wild-type p53. In the meantime,
c-myc gene, an early-response gene necessary for cell cycle
progression (G1-S transition), also plays an essential role in
the regulation of the cell cycle and differentiation[20-24].
As revealed by many experiments, the regulation of G1/S
checkpoint was abnormal in tumor cells. G0/G1 arrest was a
common phenomenon in the cells undergoing induction of
differentiation. And many differentiation inducers could arrest
tumor cells in G0/G1 phase and alter the expression of cell cycle
regulators[25-31]. Our results showed that tachyplesin could
down-regulate the levels of mutant p53, cylin D1, CDK4
proteins and c-myc mRNA, up-regulate the levels of p16
protein and p21WAF1/CIP1 mRNA in SMMC-7721 cells, and arrest
the cell in Go/G1 phase as other inducers on tumor cells. Taken
together, the results indicated that tachyplesin might decrease
the kinase activity of cyclin D1/CDK4 complex by decreasing
the expression of mutant p53 protein and increasing the levels
of p16 and p21WAF1/CIP1, and suppress the phosphorylation of
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retinoblastoma (Rb) protein and downregulate the level of cmyc mRNA, which cause a decrease of the cell in S phase
significantly and arrest most of the cells at G0/G1 phase, and
induce the cells to terminal differentiation as other inducers.
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Abstract
AIM: To investigate the change of HBV DNA, PCNA and GSTπ in chronic liver disease and hepatocellular carcinoma (HCC).
METHODS: Hepatitis B surface antigen (HBsAg), proliferating
cell nuclear antigen (PCNA) and glutathione S-transferases
(GST-π) were detected by immunohistochemical staining and
HBV DNA was detected by in situ hybridization (ISH) in
formalin-fixed and paraffin-embedded sections with a total
of 111 specimens of chronic hepatitis, liver cirrhosis,
paratumorous tissue, HCC and normal liver tissue.
RESULTS: The positive rates of HBsAg and HBVDNA were
62.5 %(15/24) and 75.0 %(12/16) in chronic hepatitis,
64.0 %(16/25) and 83.3 %(15/18) in liver cirrhosis, 72.7 %
(16/22) and 85.7 %(12/14) in the paratumorous tissu and
45.0 %(14/31) and 64.3 %(9/14) in HCC. The positive
HBVDNA granules in chronic hepatitis, liver cirrhosis and the
paratumorous tissue were more intense than that in HCC.
The positive rates of PCNA and GST-π were 34.8 %(8/23)
and 25.0 %(4/16) in chronic hepatitis, 73.7 %(14/19) and
17.6 %(3/17) in liver cirrhosis, 86.7 %(13/15) and 53.3 %
(8/15) in the paratumorous tissue, 100 %(15/15) and 60.0 %
(9/15) in HCC, respectively, and the positive rate of GST-π
in the paratumorous tissue was significantly higher than that
in the liver cirrhosis without tumor (P<0.05), but same as
that in HCC(P>0.05).
CONCLUSION: The HBV infection may increase expression
of PCNA and GST-π. The paratumor cirrhosis may be a
sequential lesion of precancerous cirrhosis around HCC.
Shen LJ, Zhang HX, Zhang ZJ, Li JY, Chen MQ, Yang WB, Huang
R. Detection of HBV, PCNA and GST-π in hepatocellular
carcinoma and chronic liver diseases. World J Gastroenterol
2003; 9(3): 459-462
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INTRODUCTION
Proliferating cell nuclear antigen (PCNA) is an auxiliary protein
of DNA polymerase and is thought to play an important role
in the elongation or replication of the DNA chain. It
accumulated in the nucleus during the G-1 and S stages of the
cell cycle and the percentage of PCNA-positive cell is
correlated with the proliferative activity and the prognosis of
various malignant tumors [1-5]. Glutathione S-transferases
(GST-π) is closely related with cancer and is increased in blood
and tissues of cancer patients, it is now recognized as a tumor
marker[6, 7]. We have detected hepatitis B surface antigen
(HBsAg), PCNA and GST-π by immunohistochemical staining
and hepatitis B virus DNA (HBV DNA) by in situ hybridization
(ISH) in patients with chronic hepatitis, liver cirrhosis, the
paratumorous tissue, hepatocellular carcinoma (HCC) and
normal liver tissue, to see whether there are any changes of
HBV, PCNA and GST-π in the above diseases.
MATERIALS AND METHODS
Materials
Specimens obtained from surgical resection, autopsy and
needle aspiration biopsy of livers from 1965 to 2001 were fixed
in 10 % formalin, embedded in paraffin sections, and stained
by routine HE. They were divided into 5 groups: Normal liver
tissues used as controls (n=9); Chronic hepatitis (n=24); liver
cirrhosis (n=25); The paratumorous tissue (n=22); HCC (n=31).
All specimens were examined by two pathologists. The
diagnosis of hepatitis was according to the standard of Xi’an
Conference in 2000[8].
Immunohistochemical staining
Immunohistochemistry S-P method was used to detect HBsAg,
PCNA and GST-π. Mouse monoclonal antibody to human
HBsAg(ZMHB5), PCNA(PC10), GST-π (353-10) and
Immunostaining S-P Kit were purchased from Fuzhou Maxim
Biotechnical Company. The main steps were as follows: (1)
The tissues were treated with endogenous peroxidase blocking
solution at room temperature for 10 minutes and then incubated
in normal nonimmune serum at room temperature for 10
minutes. (2) The mouse anti HBsAg, PCNA or GST-π antibody
were added to adjacent tissue sections respectively and
incubated overnight at 4 . (3) Biotin-conjugated second
antibody was added to the sections and incubated at room
temperature for 10 minutes. (4) S-P complex was added at
room temperature for 10 minutes and then DAB was used for
the color reaction. The tissue sections were washed with PBS
(0.01M, pH 7.4) between each step. Positive and negative
controls were simultaneously used to ensure specificity and
reliability of the staining process. A positive section was taken
as positive control. In negative control, PBS was used to replace
the first antibody. The positive result showed brown coloration
in the cytoplasm or /and the nucleus and was graded as follows:
<10 %-, 10-30 % +, 31-50 % ++, >50 % +++[9].
In situ hybridization (ISH)
In situ hybridization was used for detection of HBV DNA.
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The HBV DNA probed with biotin-labeled and ISH-kit were
purchased from Fuzhou Maxim Biotechnical Company. The
main steps were as follows: (1) Baked the slides at 60-80
for 1 hour till overnight. (2) Deparaffinized by xylene and
graded alcohols. (3)Dried at 37
for 5 min. (4)Added
proteinase K at 37 for 10-15 min. (5)Enhancer wash buffer
for 5 min. (6)Dehydrated the slides by graded alcohols. (7)
Dried at 37
for 5 min. (8)Added biotin-labeled probe with
coverslip. (9) Denatured at 95 for 8-10 min. (10) Hybridized
at 37
for 1-2 hours in humidity chamber. (11)Soaked off
coverslips in PBS. (12)Hybridization wash at 37 for 10 min.
(13) Protein block at 37 for 20 min. (14) Conjugated at 37
for 20 min. (15) PBS rinsed enhancer wash buffer for 5 min.
(16)The substrate (NBT/BCIP) showed coloration at room
temperature for 10-40 min, or till the coloration developed
became complete. (17) Distilled water washed for 2-3 times.
(18) The slides were counterstained using nuclear fast red. The
positive and negative controls were concomitantly used to
ensure the specificity and reliability of the staining with a
known HBVDNA positive tissue section,the normal liver
tissues and hybridization liquids without probe were served as
controls. The positive result showed blue coloration in the
cytoplasm or/and in the nucleus.
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Figure 1 HBsAg was expressed at cytoplasm in chronic
hepatitis. ×400.

RESULTS
Detection of HBsAg and HBV DNA
HBsAg and HBVDNA were widely expressed in chronic
hepatitis, liver cirrhosis, paratumorous tissue cirrhosis and HCC
(Table 1). The positive rates of HBsAg and HBVDNA were
highest in the paratumorous tissue.
Table 1 Detection of hepatitis B virus, PCNA and GST-π in
hepatocellular carcinoma and chronic liver diseases
Group

HBsAga

HBVDNAb

PCNAc

GST-πd

1. Normal liver tissue

0/9 (0)

0/9 (0)

0/5 (0)

0/5 (0)

2.Chronic hepatitis

15/24 (62.5)

12/16 (75.0)

8/23 (34.8)

4/16 (25.0)

3.Liver cirrhosis

16/25 (64.0)

15/18 (83.3)

14/19 (73.7)

3/17 (17.6)

4.Paratumorous tissue

16/22 (72.7)

12/14 (85.7)

13/15 (86.7)

8/15 (53.3)

5.HCC

14/31 (45.2)

9/14 (64.3)

15/15 (100)

9/15 (60.0)

HCC: hepatocellular carcinoma; HBsAg: Hepatitis B surface
antigen; HBVDNA: hepatitis B virus DNA; PCNA: proliferating cell nuclear antigen; GST-π: glutathione S-transferases.
a
P<0.05, 5 vs 4, P<0.01, 1 vs 4; bP<0.01, 1 vs 4; cP<0.01, 1 vs 4, 2 vs
4; dP<0.05, 3 vs 4, P<0.01, 1 vs 4.

Figure 2 HBV DNA was rich in paratumorous tissue (right)
and less in HCC (left). ×100.

Figure 3 PCNA was expressed in nuclei of HCC. ×100.

The expression of HBsAg was seen in the cytoplasm
(Figure 1). HBVDNA was detected in the cytoplasm and in
the nucleus. HBVDNA positive granules in chronic hepatitis,
liver cirrhosis and the paratumorous tissue were more intense
than that in HCC. HBVDNA positive granules in HCC was
mainly expressed in the nucleus but the signals were much
weaker (Figure 2).

Detection of PCNA and GST-π
PCNA and GST-π were widely expressed in chronic hepatitis,
liver cirrhosis, paratumorous tissue and HCC, the positive
rates of PCNA and GST-π increased evidently in the
paratumorous tissue and HCC (Figure 3-4). The positive rate
of GST-π in paratumorous tissue (53.3 %) was significantly
higher than that in cirrhosis without tumor (17.6 %) (P<0.05,
χ2=6.58).

Figure 4 GST-π was expressed on cell membranes of HCC. ×400.

Shen LJ et al. Detection of HBV, PCNA and GST-π in HCC

DISCUSSION
HCC is one of the most common malignant tumors in China.
In recent decades, the incidence of HCC has been found to be
increasing and HCC came ranks the second in cancer mortality
since 1990s[10]. Most of patients with HCC were associated
with HBV[11-15]. The relative risk of HBV carrier developing
HCC approaches 200:1, which is the highest relative risks
known for HCC[16]. we have found that there are higher positive
rates of HBsAg and HBV DNA in chronic hepatitis, liver
cirrhosis, paratumorous tissue and HCC, but the highest
positive rate in the paratumorous tissue, supports the view of
HBV as the main cause of HCC in China. The positive rate of
HBV DNA in HCC was 64.3 %, mainly expressed in nuclei,
HBV DNA positive granules were less and weakly stained,
perhaps because most of the HBV DNA had been integrated
into the genome of HCC tissue. The positive rates of HBV
DNA were 85.7 % in the paratumorous tissue, which was
mainly expressed in the cytoplasm, HBV DNA positive
granules were more intense, because HBV DNA was mainly
in the free form and in an active replicative state. Our results
were similar to those of most researchers[17]. The carcinogenesis
of HCC was related to integration of HBV DNA into the
genome with rearrangement of the chromosome. The
integration of viral gene often occurred in the earlier stage of
HCC. The integration of HBV might lead to the structural
abnormality of the chromosome,which enhanced the
transcription of oncogene and lost the its suppressor function,
resulting in malignant transformation of hepatic cells by reverse
activation of the X gene of HBV[18]. HBV DNA was integrated
into the genome randomly. The integrated HVB DNA was not
complete, there were some defect in the virus genome which
caused the weaking of HBV DNA hybridization signal in the
nuclei of HCC[19]. The integrated HVB DNA in the hepatic
cells could bring about abnormal expression of the gene and
abnormal synthesis of protein so that the growth of HCC and
the differentiation and regulation of the hepatic cells became
out of control. PCNA is a better marker for assessment of
cellular proliferative activity, the poorer the differentiation of
the cancer, the stronger the proliferative activity and the higher
positive rate of PCNA[20-21]. When the carcinogenesis initiatid,
the shape and structure of the cells did not have much changes,
but the function and the metabolism enzymes had already been
abnormal. The expression of GST-π might increase abnormally
in the course of the carcinogenesis of many tumors. This change
occurred much more earlier than that of the morphology[22,23].
Our study demonstrated that PCNA and GST-π were all
expressed in chronic hepatitis (34.8 % and 25.0 %), liver
cirrhosis (73.7 % and 17.6 %), the paratumorous tissue (86.7 %
and 53.3 %) and HCC (100 % and 60.0 %). But the positive
rates of PCNA and GST-π increased significantly in the
paratumorous tissue and in the HCC.These results demonstrated
that repeated degeneration, necrosis and hyperplasia occurred
in the chronic HBV hepatitis, because of the increase of cell
proliferation and the integration of viral genome, caused
disturbed proteins synthesis abnormality in metabolism
enzymes. It might be a gradual developmental process from
quantitation to qualitation change. The paratumorous tissue
differs essentially from cirrhosis without tumor,it is rather a
precancerous lesion[24-28], which already has some characteristics
of fetal liver or HCC with earlier expression AFP and
AFPmRNA[29,30], also with increased expression of PCNA and
GST-π[31-39].
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Abstract
AIM: To construct a novel HBV antisense RNA delivery
system targeting hapatocellular carcinoma and study its
inhibitory effect in vitro and in vivo.
METHODS: GE7,a 16-peptide specific to EGFR, and HA20,
a homologue of N-terminus of haemagglutinin of influenza
viral envelope protein, were synthesized and conjugated
with polylysin. The above conjugates were organized into
the pEBAF-as-preS2, a hepatocarcinoma specific HBV
antisense expression vector, to construct a novel HBV
antisense RNA delivery system, named AFP-enhancing 4element complex. Hepatocelluar carcinoma HepG2.2.15 cells
was used to assay the in vitro inhibition of the complex on
HBV. Expression of HBV antigen was assayed by ELISA.
BALB/c nude mice bearing HepG2.2.15 cells were injected
with AFP-enhancing 4-element complex. The expression of
HBV antisense RNA was examined by RT-PCR and the size
of tumor in nude mice were measured.
RESULTS: The AFP-enhancing 4-element complex was
constructed and DNA was completely trapped at the slot
with no DNA migration when the ratio of polypeptide to
plasmid was 1:1.The expression of HBsAg and HBeAg of
HepG2.2.15 cells was greatly decreased after being
transfected by AFP-enhancing 4-element complex. The
inhibitory rates were 33.4 % and 58.5 % respectively. RTPCR showed HBV antisense RNA expressed specifically in
liver tumor cells of tumor-bearing nude mice. After 4
injections of AFP-enhancing 4-element complex containing
0.2 µg DNA, the diameter of the tumor was 0.995 cm±0.35,
which was significantly smaller than that of the control groups
(2.215 cm±0.25, P<0.05).
CONCLUSION: AFP-enhancing 4-element complex could
deliver HBV antisense RNA targeting on hepatocarcinoma and
inhibit both HBV and liver tumor cells in vitro and in vivo.
Ma CH, Sun WS, Tian PK, Gao LF, Liu SX, Wang XY, Zhang LN,
Cao YL, Han LH, Liang XH. A novel HBV antisense RNA gene
delivery system targeting hepatocellular carcinoma. World J
Gastroenterol 2003; 9(3): 463-467
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INTRODUCTION
A major hurdle in most current gene therapy lies in how to
transfer genes to target tissues efficiently and how to obtain
therapeutic expression of target genes. The targeting efficacy
of gene transfection and expression directly determines whether
the gene therapy has high efficiency and whether it is harmful
to normal tissues. Therefore, how to enhance the targeting
efficacy of gene delivery has become a problem to be solved
urgently[1-4].
At present, various gene delivery methods have been used
in gene therapy [5-8]. Among them, there are two important
methods to achieve tumor-targeting gene therapy: one is
receptor-mediated gene delivery; another is the construction
of tumor-targeting gene expression vector which utilizes tumorspecific transcription regulatory sequence[9-12]. However, either
of them, if used singly, can not really accomplish the tumortargeting gene therapy.
This paper reported a novel HBV antisense RNA delivery
system targeting on hepatocarcinoma cells, named AFP
enhancing 4-element complex. This complex includes four
elements: (1) recombinant EB virus vector, pEBAF-as-preS2,
in which antisense preS2 gene was cloned under the control of
human α-fetoprotein (AFP) promoter and enhancer, enabled
preS2 antisense RNA to be expressed specifically in AFPpositive cells; (2) ligand oligopeptide GE7, synthesized
according to the putative binding region of epidermal growth
factor (EGF) to its receptor (EGFR), could transfer DNA
specifically to EGFR positive cells; (3) HA20, a homologue
of N-terminus of haemagglutin of Influenza envelope protein,
was synthesized as endosome-releasing oligopeptide (EROP);
(4) polylysin was polycation peptides (PCP) which could
interact with pEBAF-as-preS2 DNA to form a complex after
conjugation with GE7 and HA20. Both in vitro and in vivo
studies indicated that preS2 antisense RNA could be expressed
strictly and specifically in hepatocarcinoma cells after being
transfected by this complex. This study implicated the great
therapeutic potential of AFP-enhancing 4-element complex for
HBV-associated hepatocelluar carcinoma.
MATERIALS AND METHODS
Cells and cultures
Hepatocelluar carcinoma cell line HepG2.2.15 integrated with
whole HBV gene not only can accomplish the transcription
and translation of HBV, but also may produce Dane’s particles.
This cell line, provided by BeiJing Institute of Medicine and
Biology, was cultured in the MEM medium containing 10 %
FCS and 380 µg/ml G418.The human hepatocelluar carcinoma
cell line BEL7402 was cultured in the DMEM medium with
10 % FCS. The human umbilical vein endothelial cell line
ECV304 contributed by Chinese Academy of Military Medical
science was cultured in the DMEM medium, containing 10 %
FCS and diantibiotics. The medium mentioned above were
purchased from Hyclone Co. American, serum from GIBCO Co.
Animals
BALB/C nude mice, male, 5-6 weeks of age, were purchased
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from experimental animal center of TongJi medical college,
Central China Science and Technology University, WuHan.
1×107 HepG2.2.15 cells were transplanted subcutaneously into
nude mice and were ready for use when the tumor size reached
about 0.5 cm in diameter.

Plasmid
HBV preS2 gene (3 203-3 340) was cloned reversely downward
5.5 kb of AFP promoter and enhancer to construct
hepatocarcinoma specific preS2 antisense RNA expression
vector, pEBAF-as-preS2 (Figure 1) which could express
antisense RNA against preS2 in AFP-positive cells. (published
elsewhere).
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Detection of virus antigens
According to the protocol of antigen detection kit (Lizhu Co.
ShenZhen, China), the concentration of HBsAg and HBeAg
in the supernatant were detected by ELISA. The results were
illustrated with P/N value (P/N=sample A/negative control A;
A stands for the amount of light absorbent).
In vivo gene transfection by AFP-enhancing 4-element complex
AFP-enhancing 4-element complex containing 0.2 µg DNA
were injected into a tail vein of nude mice bearing 0.5 cm
tumor. Animals were sacrificed 3 days after injection, then the
tumor, liver, spleen, kidney, stomach were dissected and used
for extracting the total RNA.
Extraction of total RNA
Total RNA was extracted from 5 mm3 fresh mice tissues
according to the protocol of TRIZOL kit. Products were
quantitated by Biophotometer (Eppendorf Co.).

AFP-P/E

pEBAF-as-preS2
(15.8kb)
EBNA-1
AmpR
HygR

World J Gastroenterol

HBpreS2

Figure 1 Physical map of pEBAF-as-preS2. hepatocarcinoma
specific preS2 antisense RNA expression vector, pEBAF-aspreS2 was constructed by inserting HBV preS2 gene (3203-3340)
reversely downward the AFP promoter and enhancer (AFPP/E) of plasmid pEBAF which contains the key element of EB
virus duplication (Ori P and EBNA-1).

Synthesis of GE7-PL and HA20-PL[13]
GE7,a 16-peptide specific to EGFR, and HA20,a homologue
of N-terminus of haemagglutinin of influenza viral envelope
protein, were synthesized by National Laboratory for Oncogene
and Related Genes, Shanghai Cancer Institute. GE7 and HA20
were conjugated with polylysine (PL) respectively (GE7-PL
and HA20-PL).
Preparation of AFP-enhancing 4-element complex
pEBAF-as-preS2 DNA, GE7-PL and HA20-PL conjugates
were respectivety mixed dropwise into 10 µl of deionizeded
water in different ratios. The mixture was incubated at 25
for 30 min. A mixture containing 0.2 µg plasmid DNA was
analyzed on 1 % agrose gel eletrophoresis to examine the
retardation of DNA migration, in order to determine the optimal
ratio. According to the optimal ratio of DNA to conjugates
based on above experiment, the plasmid DNA was mixed
dropwise to the conjugates of GE7-PL and HA20-PL and
reacted at 25
for 30 min. Examine the retardation of DNA
by 1 % agrose gel eletrophoresis. Then the complex could be
used for gene transfection.
In vitro gene transfer by 4-element complex
5×104 cells were seeded into 0.5 ml medium in each well of a
24 well plate. After cell density reached a confluence of 60 %,
the medium was removed and replaced with 0.5 ml of complete
medium containing 4-element complex in a quantity equivalent
to 0.2 µg DNA. Cells were cultured at 37
and incubated
with 5 % CO2 overnight, then replaced with fresh complete
MEM medium without 4-element complex and cultured at
37 with 5 % CO2. 3 days after, the supernatant was collected
to detect the HBV antigen. Non-transfected HepG2.2.15 cells
were used as negative control.

Primer design
According to the sequence described by Ono et al in 1986[14],
the primers were designed to amplify HBpreS2 gene: forward
(S2P1): 5’GCTCTAGACTCAGGCCATGCATG3’; reverse
(S2P2): 5’GCTCTAGATGGTGAGTGATTGGAGGT3’. The
primers for β-actin, a housekeeping gene, were designed
simultaneously (forward: 5’ACACTGTGCCCA 3’; reverse:
5’ATGATGGAGTTGAAGGTAGTTTCGTGGAT3’). All of
these oligonucleotide primers were synthesized by Shanghai
Biology and Engineering Company.
RT-PCR
Reverse transcription was performed in 20 µl volume including:
1 µg of total RNA, 4 µl of 5×buffer, 20 nmol dNTP, 20 Units
of RNase inhibitor and 200 Units of Moloney murine leukemia
virus (M-MLV) reverse transcriptase. The reverse transcription
reaction was performed at 42
for 1hr.The products were
denatured at 70
for 10 min and then preserved at 4 .
cDNA was used as templates for the amplification of preS2
with primers S2P1 and S2P2. PCR was carried out in 25 µl
volume with 1 µl of cDNA, 2.5 µl of 10×buffer, 0.3 mmol
Mg++, 5nmol/L dNTP, 3 Units of Taq polymerase, 10 nmol/L
primers (forward and reverse). Reaction conditions were: 94
for 5 min, then 35 cycles at 94 for 40 sec, 50 for 40 sec,
72 for 50 sec, followed by a final extension period of 7 min
at 72 .
In vivo tumor-inhibitory experiments
100 µl AFP-enhancing 4-element complex containing 0.2 µg
pEBAF-as-preS2 DNA were injected into tumors of nude mice
bearing hepatocarcinoma cells HepG2.2.15, once each week
for 4 weeks and physiological salt solution was injected
likewise in the control group. The diameters of tumors were
measured every 3 days. Animals were sacrificed 1 week after
the final injection. Tumor tissues were dissected and their
diameters were measured.
RESULTS
Construction of AFP-enhancing 4-element complex
Polypeptide and plasmid were mixed in different ratios.
According to the results of 1 % agrose gel eletrophoresis, DNA
was completely trapped at the slot with no DNA migration
when the ratio was 1:1 (Figure 2). This is the optimal ratio of
polypeptide to pEBAF-as-preS2 plasmid DNA.
Extraction of total RNA
Total RNA from all biopsies were analysed by Biophotometer
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Hepatocarcinoma directed expression of antisense RNA
mediated by AFP-enhancing 4-element complex
RT-PCR was carried out with specific primers (S2P1, S2P2)
for HBpreS2 gene. 2 % gel electrophoresis demonstrated that
the products of amplification could be detected only in tumor
tissues of animals injected with AFP-enhancing 4-element
complex. No specific bands could be tested in other tissues,
especially in the epithelial cells of stomach mucosa and
spermaduct. (Figure 3B).
M 1 2 3 4 5 6 7

β-actin è

2

3

4

5

6

7

120
AFP-enhancing 4-

100

element complex
treated

80

HepG2.2.15 cells

60

untreated
HepG2.2.15 cells

40
20
0

HBsAg

HBeAg

Figure 4 Effect of AFP-enhancing 4-element complex on HBV
gene expression in HepG2.2.15 cells.

Figure 2 Construction of AFP-enhancing 4-element complex.
0.2 µg plasmid DNA was independently mixed dropwise with
various quantity of polypeptide conjugation for 30 min at room
temperature, and then the mixture was analyzed with 1 %
agrose gel electrophorosis. Fig 2 showed the DNA retardation
of different complex mixed with DNA and peptide in different ratios. The ratio of DNA and peptide in Lane 1 to 7 is 0, 1/
1,1/2. 1/2.5, 1/3, 1/3.5. 1/4. M indicates DNA marker.
1

HepG2.2.15 were lowered prominently after transfection with
AFP-enhancing 4-element complex. The inhibitory rates were
33.4 % and 58.5 % respectively (Figure 4).

P/N

(Eppendorf Co.). The ratios of A260 to A280 were all between
1.8 to 2.0. Using above total RNA as templates, RT-PCR were
performed with primers for β-actin gene. A band of about
300bp in size was obtained in agrose gel eletrophoresis (Figure
3A), proving that RNA was qualified for RT-PCR.
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M
2 000bp
1 000bp
750bp
500bp
250bp
125bp

A
HBpreS2 è

B
Figure 3 RT-PCR of tissues in nude mice treated AFP-enhancing 4-element complex. Total RNAs of different tissues of Nude
mice bearing hepatocarcinoma were extracted 3 days after
treatmemt with AFP-enhancing 4-element complex and then
RT-PCR was performed; the expression of HBV preS2 gene
was analyzed. A. RT-PCR of beta-actin. (bands 1 to 7 stand for
the PCR products of spermaduct, stomach, liver, spleen, heart,
and tumors, M stands for the DNA marker); B. RT-PCR of HBV
preS2 gene.

Inhibitory effects of AFP-enhancing 4-element complex on
expression of HBV antigen in hepatocarcinoma cells
In order to correct the results, the supernatants of cell cultures in
all groups were collected before transfection, marked as P/N0hr. The final results were calculated according to the following
formula: antigen secretion of cells transfected with AFPenhancing 4-element (tested)=[P/N of tested]/([P/N-0hr of tested]
×[P/N-0hr of control]). HBsAg and HBeAg expressions of

In vivo inhibitory effects of AFP-enhancing 4-element complex
on growth of hepatocellular carcinoma in nude mice
After 4 injections of AFP-enhancing 4-element complex
containing 0.2 µg DNA, the diameter of tumor tissue was
0.995 cm±0.35, which was significantly smaller than that of
the control groups (2.215 cm±0.25, P<0.05).
DISCUSSION
Hepatocellular carcinoma (HCC), especially HBV-associated
HCC, is one of the most common malignant tumor in China.
At present, there’s still no efficient therapy methods[15-26].
Antisense nucleic acid, blocking the target gene and inhibiting
its expression at the molecular level, has potential antiviral
and antitumor effects[27-31]. In recent years, great interests have
been focusing on such novel gene therapy. Compared with
synthesized antisense DNA, antisense RNA could be expressed
constantly in vivo, so that it has long-term antiviral effects.
Thus, antisense RNA is an ideal choice in gene therapy for
HBV[32-34].
There are three crucial factors to determine the efficacy of
antisense gene therapy [35]: whether the target gene plays a
crucial role in tumorgenesis, whether it could be transfected
uniquely to target cells, and whether it could be expressed
efficiently and specifically in those target cells. In this research,
according to the characteristics of HBV-associated HCC, we
selected preS2 which might play an important role in the
pathogenetic targete site to be blocked. Moreover, in order to
express preS2 antisense RNA strictly targeting on liver tumor
cells, virus expression vector containing hepatocarcinomaspecific regulatory sequences (AFP promoter and enhancer)
and EROP (HA20) combined with receptor mediated gene
delivery system was prepared.
The protein encoded by preS2 gene plays an important
role in the infection as well as malignant transformation of
HBV [36,37]. In a previous research, we have proved that
synthesized antisense oligodeoxynucleotids (asON) against
translation initiation region (3 203-3 219) of HBpreS2 has the
strongest inhibitory effect on the expression of HBV antigen
in HepG2.2.15 cells in vitro[38]. In addition, AS5, designed by
Putlitz[33] in this region, could efficiently inhibit the viral
replication and the expression of HBV antigen. In this paper,
preS2 gene (3 203-3 240nt) was selected as targete site for
blocking by antisense RNA. Inhibitory experiments in vitro
had demonstrated that a block of preS2 gene (3 203-3 240)
could efficiently inhibited the expression of HBV antigen in
HepG 2.2.15 cells. The inhibitory rates of the expression of
HBsAg and HBeAg were 33.4 % and 58.5 % respectively.
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The receptor-mediated gene delivery system transfers genes
into the targete cells by endocytosis via specific receptor. In
1998, Tian, Gu et al (Shanghai Cancer Institute)[13] established
a novel high-efficiency receptor-mediated gene delivery system
in which GE7 targeted on EGFR were used to transfer genes
to tumor cells, and HA20 was synthesized as an EROP to enable
the exogeneous genes to escape from the lysosome. These
properties guaranteed this system to have a significant potential
in gene therapy.
However, the expression of EGFR is not limited to tumor
cells. We have demonstrated that green fluorescence protein
(GFP) reporter gene could be also expressed in the epithelial
cells of stomach mucosa and spermaduct after being transfected
with 4-element complex in vivo (published elsewhere).
For this reason, hepatocarcinoma tissue-specific antisense
RNA expression vector under the control of AFP promoter
was used to conjugate with GE7-PL and HA20-PL to construct
an AFP-enhancing 4-element complex. As a specific marker
for primary hepatocellular carcinoma, alfa fetal protein (AFP)
possesses a high-targetable transcription-regulatory sequence
which could be regulated precisely[39]. Therefore, it could direct
the therapeutic gene to be specifically expressed in AFPpositive hepatocellular carcinoma cells. Using human AFP incis element (promoter and enhancer) to control the expression
of antisense RNA could not only enhance the high efficacy,
but also possesses the targetability to hepatocellular carcinoma
cells. Results showed that preS2 antisense RNA was only
examined in tumor tissues of nude mice injected with AFPenhancing 4-element complex but could not be examined in
the epithelial cells of stomach mucosa and spermaduct either.
Morever, the growth of hepatocellular carcinoma in nude mice
could be thwarted distinctively by being injected with AFPenhancing 4-element complex at a dose equivalent of 0.2 µg
DNA per mouse each time for 4 times.
In summary, this experiment showed that AFP-enhancing
4-element complex could deliver preS2 antisense RNA targeted
on hepatoma cells and inhibited both HBV gene expression in
vitro and tumor growth in vivo. All these results indicated the
therapeutic potential of AFP-enhancing 4-element complex for
HBV related HCC.
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Abstract
AIM: To investigate the correlation between gammaglutamyl transpeptidase (γ-GTP) expression in the primary
HCC and post-resection recurrence and its biological
behaviors.
METHODS: Forty consecutive patients having curative
resection for HCC were included in this study. The primers
for reverse-transcription polymerase chain reaction (RTPCR) were corresponding to the 5’-noncoding human γGTP mRNA of fetal liver (type A), HepG2 cells (type B),
and placenta (type C). Both the cancer and non-cancerous
tissues of the resected liver were analyzed. The correlations
between the expression of γ-GTP and the clinicopathological
variables and outcomes (recurrence and survival) were
studied.
RESULTS: Those with type B γ-GTP mRNA in cancer had
significant higher recurrence rate than those without it
(63.6 % vs 14.3 %). Both those with type B in cancer and
in non-cancer died significantly more than those without it
(45.5 % vs 0 % and 53.6 % vs 0 %, respectively). By
multivariate analysis, the significant predictors of recurrence
included high serum AFP (P=0.0108), vascular permeation
(P =0.0084), and type B γ-GTP mRNA in non-cancerous
liver ( P =0.0107). The significant predictors of postrecurrence death included high serum AFP (P=0.0141),
vascular permeation (P =0.0130), and daughter nodules
(P=0.0053). As to the manifestations (recurrent number
¨R2,
¨R2
¨R
¨R recurrent extent¨R
¨R
¨R segments, extra-hepatic
metastasis, and death) in recurrent patients, there were
no statistical significant differences between those with
type B in the primary tumor and those without it. The
difference between those with type B in non-cancerous
liver and those without it also was not significant.
CONCLUSION: Patients of HCC with type B γ-GTP mRNA
both in cancer and in non-cancerous tissue had a worse
outcome, earlier recurrence, and more post-recurrence
death.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading
malignant tumors with a poor prognosis in areas of high
hepatitis B and C prevalence. During the last 10 years, efforts
have been made worldwide toward earlier detection and safer
surgical resection of HCC. However, despite these recent
diagnostic and therapeutic advances, postoperative recurrence
is still common[1-4]. How to predict recurrence before resection
is a challenging problem for surgeons. Certain characteristics
related to HCC recurrence have been reported widely and
variably in the literatures[1-14]. γ-glutarmyl transpeptidase (γGTP) is an important enzyme catalyzing hydrolysis of
glutathione and transfer of the γ-glutamyl residue and is widely
distributed in mammalian tissues[15-23]. The enzyme has been
used as an important marker enzyme for some neoplasms, HCC
and preneoplastic lesions of the liver [24-31]. According to
Tsutumi’s study, changes in the expression of hepatic γ-GTP
mRNA may be related to the development of HCC[24]. The
aim of this study is to elucidate the role of the expression of γGTP in both cancerous and non-cancerous liver tissues of
primary lesion in the prediction of HCC recurrence.
MATERIALS AND METHODS
Patients and tumor samples
Forty patients with HCC who underwent curative hepatectomy
at the Department of Surgery, Mackay Memorial Hospital from
January 1997 to June 1998, whose tissue specimens
histopathologically found to have no degeneration or necrosis,
were included in this study. Freshly resected specimens were
used. Clinical details were available from medical records on
all patients (Table 1). The mean age of patients was 52.4± 16.6
years (range 16-82) with a male to female ratio of 26:14. The
operations included major resections (12 partial lobectomies,
18 lobectomies and 5 extended lobectmies) and minor
resections (4 segmentectomies and 1 subsegmentectomy). After
the resection, all patients were followed up at out-patient-clinic
receiving regular clinical assessment, periodic abdominal
ultrasonography (every 2 to 3 months during the first 5 years,
then every 4 to 6 months thereafter) to detect tumor recurrence,
serum alpha-fetoprotein (AFP) and liver biochemistry (every
2 months during the first 2 years, then every 4 months during
the following 3 years, and every 6 months thereafter).
Abdominal computed tomography was also done (every 6
months during the first year, then every year). Liver specimens
were stored at -80 ¡æ
¡æuntil RNA extraction.
Patients in the control group included 5 healthy volunteers,
5 individuals with chronic active hepatitis without HCC and 5
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individuals with liver cirrhosis without HCC. All received liver
biopsies for γ-GTP mRNA study during exploratory laparotomy.
Table 1 Demography
Characteristics

Total (n=40)

Age (years)

52.4±16.6 [16-78]

Male26 (65%)
Liver cirrhosis

33 (82.5%)

Child-Pugh class A:B

32:8 (80%:20%)

Tumor size
Small (<3 cm)

6 (15.0%)

Median (3-10 cm)

23 (57.5%)

Large (>10 cm)

11 (27.5%)

HBsAg (+)

22 (55.0%)

Anti-HCV (+)

15 (37.5%)

AFP
Below 20 µg /L

17 (42.5%)

Over 1000 µg/L

14 (35.0%)

Capsule
Complete

18 (45.0%)

Incomplete or absent

22 (55.0%)

Edmondson-Steiner grade
I & II

19 (47.5%)

III & IV

21 (52.5%)

Vascular permeation

17 (42.5%)

Satellite formation

19 (47.5%)

Multiple HCC

13 (32.5%)

Major resection

32 (80.0%)

Minor resection

8 (20.0%)

Reverse transcription-polymerase chain reaction
For HCC liver specimens, both nucleotide probes to each type
of γ-GTP mRNA were shown in Table 2. To rule out any false
positive, cancerous and non-cancerous tissue were studied for
the expression of γ-GTP mRNA, respectively. For the resected
specimens, the non-cancerous tissue was taken at least 1.0 cm
far from HCC. For control group, only non-cancerous liver
tissue was studied.
Table 2 Nucleotide sequences of the primer sets and specific
oligonucleotide probes to each type of γ-GTP 5’-noncoding mRNA
Type of γ-GTP Primers
mRNA or
probes

Nucleotide sequences

Primer sets
A type
B type
C type

Sense

5’-CAC AGG GGA CAT ACA GTG AG-3’

Antisense

5’-GAA ATA GCT GAA GCA CGC GC-3’

Sense

5’-GGA TTC TCC CAG AGA TTG CC-3’

Antisense

5’-GAA GGT CAA GGG AGG TTA CC-3’

Sense

5’-GCC CAG AAG TGA GAG CAG TT-3’

Antisense

5’-TCC AGA AAG CAG CTA GAG GG-3’

Oligonucleotide probes
A type

5’-GGG CAG GGC TTG GTG AAT GGT
AGC TGT GAT TAT CAT CAT G-3’

B type

5’-CGC AGG ATG GTG TGC GAG GAC
CCC GAG CTG GTG TTC CAG GC-3’

C type

5’-ATA GAG ACA CCG ATT CCT GGA
GGT CCA AAG AGC CTC AGG A-3’
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Total RNA was extracted from the homogenized liver
specimens by the method of Chomocynsky et al[32]. cDNA of
γ-GTP mRNAs were amplified by reverse-transcription
polymerase chain reaction (RT-PCR) using three different
primer sets, which were specific for the three types. Six
oligonucleotides, designed from cDNA sequences of γ-GTP
at the 5’-noncoding region of human fetal liver, human
placenta, and HepG2 cells were synthesized for use as the
primers in PCR. The expected size of each PCR product was
308 bp in fetal liver (type A), 300 bp in Hep G2 (type B), and
386 bp in placenta (type C). The existence of intron sequences
between each PCR primer set was confirmed by human γ-GTP
genomic cloning and partial sequencing. The primer sets for
type A, type B, and type C were corresponded to the sequences
on γ-GTP cDNA from fetal liver, Hep G2 cells and placenta,
respectively. An aliquot of the amplified γ-GTP cDNA
fragments was analyzed on a 1 % agarose gel and transferred
onto a Hybond-N membrane. The amplified γ-GTP cDNA were
hybridized on Southern blots with oligonucleotide probes
which were specific for each type of γ-GTP mRNA.
As the probes for type A, type B, and type C, 3
oligonucleotides were synthesized and were labeled at their 3’
end using fluorescein d-UTR. The hybridized bands were
reacted with HRP-labeled anti-fluorescein antibody and
visualized on film using the ECL 3’-oligolabelling and
detection systems of Amersham Life Science (Buckinghamshire,
England), according to the instruction manual.

Parameters
The difference of γ-GTP expression in diverse clinicopathologic
parameters were evaluated. Parameters included the presence
of liver cirrhosis (confirmed by the operative findings and also
by the pathology examination of the specimen), hepatitis B
surface antigen (HBsAg), hepatitis C virus infection (antiHCV), Child-Pugh classification of liver reverse (class A vs
B), serum alpha-fetoprotein (AFP, <20 ng/ml vs 20-1 000 ng/
ml vs >1 000 ng/ml) titer, tumor size (<3 cm, 3-10c m, >10 cm),
cell differentiation grade (Edmondson-Steiner grade l-ll vs IIIIV), encapsulation (complete, infiltration by HCC or absent)
and vascular permeation (including vascular invasion and/or
tumor thrombi within the portal vein or hepatic vein), daughter
nodules or satellite nodules, multi-centric HCC and clinical
evidence of recurrence, recurrence free interval, survival and
death. The expression of γ-GTP mRNA of both cancerous tissue
and non-cancerous tissue of the liver from resected specimens
were compared with the above parameters by both univariate
(UV) and multivariate (MV) analysis, respectively.
Statistical analysis
Statistical program (BMDP), Student’s t-test or Mann-Whitney
U test for continuous variables, χ2 test of Fisher’s exact test
for categorical variables, and logistic regression and COX
proportional hazards model for multivariate analysis were used.
P value <0.05 was considered as a significant difference.
RESULTS
The types of γ-GTP mRNAs in livers obtained from 15 control
patients were shown in Table 3. The γ-GTP mRNA expression
was monogenic in 13 patients and polygenic in 2 patients. Type
A was found in all patients (100 %), type B was found in one
patient (6.7 %) and type C was found in one patient (6.7 %).
In those with HCC, from the cancerous portion of the livers,
the distribution of the type of γ-GTP mRNA was one (2.5 %)
case of type A (monogenic), 24 (60.0 %) cases of type B
(monogenic), 15 (37.5 %) cases of both type A and B
(polygenic), and none of type C. From their non-cancerous
portion of the livers, the distribution of the type of γ-GTP
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mRNA was 12 (30.0 %) cases of type A (monogenic), 16 (40 %)
cases of type B (monogenic), 12 (30 %) cases of type A and
type B (polygenic) and none of type C (Table 3). Among those
with HCC, the frequency of type A with type B (polygenic) or
type B (monogenic) was 97.5 % in cancerous tissues and
70.0 % in non-cancerous tissues.
Table 3 Frequency of γ-GTP mRNA in liver
mRNA types (%)

Tissues

A

A+B

B

A+B or B

C

HCC
Cancerous
Non-Cancerous
Control

1 (2.5)

15 (37.5)

24 (60.0)

39 (97.5)

0 (0)

12 (30.0)

12 (30.0)

16 (40.0)

28 (70.0)

0 (0)

A

B

15 (100.0)

1 (6.7)

shown between type B and type B with type A and the presence
of liver cirrhosis, tumor size and multi-centric HCC.
From outcome point of view, among those 39 patients whose
cancerous liver with type B or type B with A γ-GTP mRNA, 21
patients (53.8 %) had recurrence (Table 6). As for the other
patients without type B and B with A did not have had recurrence.
The difference was statistically significant (P=0.0328). Among
the former, 15 patients (38.5) died. Among the latter, no patient
died. The difference was also statistically significant (P=0.0328).
The death was related to tumor recurrence.
Table 5 Correlation between types of γ-GTP mRNA and pathological parameters
Parameters

1 (6.7)

Table 4 Correlation between type B γ-GTP mRNA and clinical
parameters

Cirrhosis (+)

33

(-)
Size< 3 cm

Cases
HCC liver

Non HCC liver

Male

26

23 (88.5)

20 (76.9)

Female

14

10 (71.4)

8 (43.9)

HBsAg (+)

22

19 (86.4)

17 (60.7)

(-)

18

14 (77.8)

11 (39.3)

(+)

15

14 (93.3)

14 (93.3)b

Non HCC liver

27 (81.8)

22 (66.7)

7

6 (85.7)

6 (85.7)

6

6 (100.0)

4 (66.7)

3-10 cm

11

7 (63.6)

5 (45.4)

23

20 (86.9)

19 (82.6)

19

14 (73.7)

10 (52.6)b

21

19 (90.5)

18 (85.7)b

Differentiated grade I/II
III/IV
Complete capsule (+)

18

13 (72.2)

8 (44.4)c

(-)

22

20 (90.9)

20 (90.9)c

Vascular permeation (+)

17

16 (94.1)

16 (94.1)d

(-)

23

17 (73.9)

12 (52.2)d

Daughter nodules (+)

19

19 (100.0)a

18 (94.7)e

(-)

21

14 (66.7)a

10 (47.6)e

(+)

13

12 (92.3)

12 (92.3)

(-)

27

21 (77.8)

16 (59.2)

Multi-centric

Denotes: aP=0.0089; bP=0.0226; cP=0.0014; dP= 0.0042; eP=0.0012.

(-)

25

19 (76.0)

14 (56.0)

Child

A

32

25 (75.8)

21 (65.6)

Child

B

8

AFP (ng/ml) <20
=20

8 (100.0)

HCC liver

=10 cm

Type B/A+B(%)

HCV

Type B/A+B(%)

Cases

C

The correlation between those with type B and type B with
type A in cancerous tissue and non-cancerous tissue and
patients’ characteristics were shown in Table 4. Gender,
positivity of HBsAg, and Chlid-Pugh class A or B showed no
statistically significant differences between the presence and
the absence of type B and type B with type A γ-GTP mRNA.

Parameters
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Table 6 Correlation between γ-GTP mRNA and their outcome

b

7 (87.5)

γ-GTP mRNA

Recurrence (%)

(+)

33

21 (63.6)a

17

11 (64.7)

a

9 (32.1)c

(-)

7

1 (14.3)a

23

22 (95.6)a

19 (82.6)c

Type B in non-HCC liver (+)

28

22 (78.6)c

(-)

12

Denotes: aP=0.0295; bP=0.0151; cP= 0.0430.

Type B in HCC liver

Cases

0 (0)c

Death (%)
15 (45.5)b
0 (0)b
15 (53.6)d
0 (0)d

Denotes: aP= 0.0328; bP=0.0328; cP:<0.0001; dP: 0.0011

From the univariate analysis, in cancerous portion of HCC
livers, a significant correlation was found between type B and
type B with type A expression of γ-GTP mRNA and high serum
AFP level (P=0.0295). In non-cancerous portion of HCC livers,
a significant correlation was found between type B and type B
with A expression of γ-GTP mRNA and positivity of HCV
antibody (P=0.0151) and high serum AFP level (P=0.0430).
The correlations between the types of γ-GTP mRNA
expression and pathological parameters were shown in Table
5. From the univariate analysis, in cancerous portion of HCC
livers, a significant correlation was found between type B and
type B with type A γ-GTP mRNA and the presence of daughter
nodules (P=0.0089).
In non-cancerous portion of HCC livers, a significant
correlation was found between type B and type B with type A
and the Edmondson-Steiner grade I and II vs III and IV
(P=0.0226), the absence of tumor capsule (P=0.0014), the
presence of vascular permeation (P=0.0042) and the presence
of daughter nodules (P=0.0012). In both cancerous and noncancerous livers, no statistically significant difference was

Among 28 patients whose non-cancerous liver tissue was
type B or type B with type A, 22 patients (78.6 %) had
recurrence. Among the other 12 patients without type B or
type B with type A, no patient had recurrence. The difference
had statistical significance (P<0.0001). Among the former, 15
patients (53.6 %) died, while among the latter, no patient died.
The difference had statistical significance (P=0.0011).
The correlations between the parameters and recurrence
were shown in Table 7. In UV analysis, statistically significant
difference was found in high serum AFP (P=0.0001), large
size (P=0.0213), differentiation grade (III and IV) (P=0.0049),
absence of complete capsule (P=0.001), vascular permeation
(P<0.0001), presence of daughter nodules (P=0.0003), type B
(including type B and type B with type A) in cancerous liver
(P=0.0094) and type B in non-cancerous (including type B
and type B with type A) liver (P=0.0003). In MV analysis,
only AFP (P=0.0108), vascular permeation (P=0.0048), and
type B γ-GTP mRNA in non-cancerous liver had significant
difference (P=0.0107).
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Table 7 Significant factors in recurrence and death
Recurrence

Death

Parameters
UV

MV

UV

MV

Sex

n.s.

n.s.

n.s.

n.s.

Age

n.s.

n.s.

n.s.

n.s.

Child-Pugh’s classification: A vs. B

n.s.

n.s.

n.s.

n.s.

HBsAg (+)

n.s.

n.s.

0.0166

n.s.

HCV (+)

n.s.

n.s.

n.s.

n.s.

0.0001

0.0108

0.0006

0.0141

n.s.

n.s.

n.s.

n.s.

0.0213

n.s.

0.0080

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

0.0007

n.s.

AFP<20 vs. 20-1000
γ-GTP mRNA (+)
Pathology of HCC:
Size: <3 cm vs. 3-10 cm
Cirrhosis
Edmondson-Steiner grade
Complete capsule (+)
Vascular permeation (+)

0.0001
<0.0001

0.0084 <0.0001 0.0130

Daughter nodules (+)

0.0003

n.s.

0.0001

Multicentric (+)

0.0549

n.s.

0.0550

0.0053
n.s.

Type B γ-GTP mRNA in HCC liver

0.0094

n.s.

0.0119

n.s.

Type B γ-GTP mRNA in non-HCC liver

0.0003

0.0107

0.0046

n.s.

Denotes: n.s.=not significant.

Significant factors relevant to post-recurrence survival in
univariate analysis included negative HBsAg (P=0.0166), low
serum AFP level (P=0.0006), small tumor size (P=0.0080),
complete capsule (P=0.0007), absence of vascular permeation
(P<0.0001), absence of daughter nodules (P=0.0001), absence
of multi-centric HCC (P=0.550), absence of type B γ-GTP
mRNA in cancerous tissue (P=0.0119) or non-cancerous tissue
of HCC liver (P=0.0046). However, in MV analysis, only
serum AFP (P=0.0141), vascular permeation (P=0.0130) and
daughter nodules (P=0.0053) had significant difference.

DISCUSSION
γ-glutarnyl transpeptidase (γ-GTP) is a plasma membrane-bound
enzyme which has major importance in the metabolism of
glutathione[33,34]. Stark et al mentioned that metabolism of
glutathione by γ-GTP in pre-neoplastic liver foci may initiate an
oxidative process leading to a radical-rich environment and result
in oxidative damage[25]. Such damage may contribute to foci
progress to malignancy. It has been reported that HCC of rat and
human both expresses γ-GTP enzymes with unique carbohydrate
moieties compared with normal liver enzymes[20,24,28,35]. The
presence of the unique γ-GTP isoform for HCC in patient serum
had been used as a marker for the diagnosis of HCC[28]. γ-GTP
was used as an important marker enzyme for chemically induced
HCC, because it is present in both primary HCC and pre-neoplastic
lesions of the liver or some other liver diseases[24-27,30,31,36-40]. It
has been recently used as a response indicator in the treatment
of hepatitis[41].
Experimentally, Mallory bodies develop in mice treated
chronically with griseofulvin, and HCC is also found in these
animals [42]. In hepatocytes developing Mallory bodies,
histologically detectable γ-GTP activity was observed from
the early stage of development. These results strongly
suggested that changes in γ-GTP in livers may be closely related
to the phenotypical expression of carcinogenesis of hepatocytes.
Furthermore, many previous studies concerning γ-GTP in
HCC strongly suggest that changes in hepatic γ-GTP expression
may closely related to the development of HCC. However, its
mechanisms are not well known, and the reports of genomic
analysis on the specific γ-GTP to HCC is not common.

Recently, human γ-GTP complementary DNA (cDNA)
sequences from fetal liver, placenta, and HepG2 cells have
been published. These cDNA sequences showed identical GGT
protein structure. The most significant difference among these
cDNAs exists in the 5’-noncoding region, suggesting that (1)
human γ-GTP mRNA might be regulated by alternativesplicing mechanisms in this region, or (2) they are derived
from different γ-GTP genes. Pawlak et al reported that at least
four different γ-GTP genes or pseudogenes are present in
human genome[16]. However, pathophysiological roles of the
genetic polymorphisms of γ-GTP genes are not well known.
In Tsutsumi’s study, polymorphisms of γ-GTP mRNAs at the
5’-noncoding region were analyzed.
The results obtained in placenta, fetal liver and Hep G2
cells indicate that the system used in the study is specific to
define three types of γ-GTP mRNA[24]. Differences of γ-GTP
in tissues have been attributed to sialic acid contents[15]. In
normal liver, the main type of γ-GTP mRNA was type A[24].
The expression was monogenic in most cases and polygenic
in some cases. In the polygenic cases, type C was found
commonly and type B was found occasionally. According to
Tsutsumi’s report, in cases with liver diseases but not HCC,
the distribution of the of γ-GTP mRNA was nearly the same
as in normal livers[24]. Our results are similar with the above.
On the other hand, the main type of γ-GTP mRNA in cancerous
tissue was type B. In Tsutsumi’s series, type B was found in
all cases, and in more than half of the cases, only type B was
detected[24]. In our series, type B was found in 60 % of patients
and the combination of type A with type B and only type B are
detected in 97.5 %. Tsutsumi reported that in non-cancerous
tissues from livers with HCC, the main types of γ-GTP mRNA
were type A and B[24]. Both types were found in all cases, except
for one case in which type B was not detected. In this study,
type B was found in 40 % of patients and both type B with
Type A and type B were detected in 70 % of patients. The
prevalence of type B was significantly higher in both cancerous
and non-cancerous tissues of liver with HCC than that in livers
without HCC. The prevalence of type A in cancerous tissues,
but not in non-cancerous tissues, was significantly lower than
that in livers without HCC. These results strongly suggested
that the γ-GTP mRNA expression in the human liver may shift
from type A to type B during the development of HCC. The
high prevalence of type B in non-cancerous tissues of livers
with HCC suggested that the shift of the γ-GTP mRNA may
occur from the preneoplastic stage of hepatocytes. The shift
of mRNA expression may occur early in the development of
recurrence or even in pre-neoplastic stage. Based on that, we
used the shift of the γ-GTP mRNA as a tool to predict the
recurrence of HCC during the follow-up after resection of
primary lesion of HCC.
The high recurrence rate after resection is one of the main
factors in the poor outcome for HCC patients[1-6]. Tumor
recurrence limits the long-term survival. However, tumor
recurrence is well correlated with tumor invasiveness. From
the literatures, tumor invasiveness may be determined from
high serum AFP, hepatitis vascular permeation, the grade of
cell differentiation, infiltration or absence of capsule, size,
coexisting cirrhosis, presence of daughter nodules, and multiple
lesions[1-14]. Our study suggested that the presence of type B
(Hepa G cells) in both HCC tissue and non-cancerous liver
tissue of resected HCC specimens was closely related to some
invasiveness parameters of HCC. The presence of type B γGTP mRNA in cancerous tissue was correlated statistically
with high serum level of AFP, daughter nodules, post-resection
recurrence and post-recurrence survival. Whereas, the presence
of type B γ-GTP mRNA in non-cancerous liver tissue was
correlated significantly with hepatitis C infection, high serum
level of AFP, Edmondson-Steiner grade III and IV of cellular
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differentiation, absence of infiltration of capsule, vascular
permeation, daughter nodules, post-resection recurrence and
postrecurrence survival.
The presence of type B γ-GTP mRNA which is detected
from non-cancerous portion of liver tissue of the resected HCC
specimens may be considered as its presence in the remnant
liver of the patients who had receiver resection. High level of
serum AFP had been considered as a poor prognostic index[5].
According to our study, it was correlated well with the presence
of type B γ-GTP mRNA in both cancerous tissue and noncancerous tissue. It was also correlated statistically significantly
with tumor recurrence and survival.
More hepatitis C infection, but not hepatitis B infection
was found in the presence of type γ-GTP mRNA in the remnant
live. It was also corresponded with a higher recurrence and
less survival. Some literature has also mentioned that the
prognosis of hepatitis C infection is worse [1,11]. Vascular
permeation, indicating tumor invasiveness, consists of either
tumor invasion of the hepatic vein, portal vein and/or hepatic
artery, or tumor thrombi within the vessels. It may be detected
preoperatively by ultrasonography, arteriography or
portography, intraoperatively by ultrasonography or direct
observation, or postoperatively by pathological examination
of surgical specimens. Vascular permeation is the most
consistent significant prognostic factor of postoperative tumor
recurrence[2, 3, 8-10, 11-13]. In univariate analysis, the presence of
type B the prognosis in the remnant liver is significantly related
to vascular permeation and in the COX model, patients with
vascular permeation had significantly more recurrence and less
survival.
Whether the grade of differentiation of HCC is a determinant
of recurrence after resection has been debated for a long
time[1, 2, 9, 11]. The histological differentiation of the HCCs in
this study correlated significantly with γ-GTP, and the presence
of type B γ-GTP mRNA increased with increasing
dedifferentiation. Our findings are consistent with that shift to
type B γ-GTP mRNA in the remnant liver may be associated
with the progression of HCC as an event in hepatocarcinogenesis.
The exact mechanism of capsular formation is not known.
A tumor capsule may act as a barricade preventing the spread
of cancer cells and has a positive role in the prognosis of
HCC [2, 5, 7, 8, 10, 13]. The invaded capsule was regarded as
incomplete in our series. We found that the expression of type
B γ-GTP mRNA in the remnant liver was higer in patients
with no capsule and incomplete capsule. Multifocal HCCs are
also a controversial issue. Some consider them an early
metastasis via the portal vein but some consider them
multicentric. The former is a poor prognostic factor but the
latter might not be. Without the aid of molecular biology, it is
difficult to differentiate daughter nodules, intrahepatic
metastatic nodules and multicentric HCC[14]. In the present
study, we selected daughter or satellite nodules according to
the criteria of the Liver Cancer Study Group of Japan. As for
the evaluation of prognosis after recurrence, some authors
reported that the most significant factor affecting the survival
time of patients with intrahepatic recurrence was the number
of tumor nodules at the time of recurrence[1, 2, 4, 8, 9, 12]. In our
study, those with the presence of daughter nodules showed a
higher presence of type B γ-GTP mRNA in both remnant liver
and the original resected HCC tissues.
Tumor size has been emphasized as one of the significant
prognostic factors because vascular invasion and daughter
lesions may increasingly develop as the tumor grows[2-5, 8, 11-13].
In our study, no correlation between the presence of type B γGTP mRNA and tumor size was found. In addition, tumor
size also had no correlation with recurrence or survival in our
patients. From our experience, some large HCCs were the result
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of expansive growth and had slow intraportal or distant spread.
Our studies showed tumor invasiveness and prognosis was
correlated with the presence of HCV infection, high serum
level of AFP, vascular permeation, the grade of cell
differentiation, infiltration or absence of capsule and daughter
nodules. They were also all associated with the expression of
type level mRNA in the remnant liver. Among them, serum
AFP level and daughter nodules were associated with the
presence of type B in HCC tissues. It suggested that the shift
of type A to type B of γ-GTP mRNA in the liver tissues were
strongly related to the development of HCC, including the
progression of preneoplastic tissue and the potential of postresection recurrence, the invasiveness of HCC and less survival
of the patients. It was recommended that the expression of γGTP mRNA in both cancerous tissue and non-cancerous tissue
of the resected HCC specimens may play a significant role in
predicting the prognosis of HCC in patients after resection.
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Abstract
AIM: To study the effect of hepatitis C virus nonstructural
protein 3 c-terminal deleted protein (HCV NS3-5’) on
hepatocyte transformation and tumor development.
METHODS: QSG7701 cells were transfected with plasmid
pRcHCNS3-5’ (expressing HCV NS3 c-terminal deleted
protein) by lipofectamine and selected in G418. The
expression of HCV NS3 gene and protein was determined
by PCR and immunohistochemistry respectively. Biological
behavior of transfected cells was observed through cell
proliferation assay, anchorage-independent growth and
tumor development in nude mice. The expression of HCV
NS3 and c-myc proteins in the induced tumor was evaluated
by immunohistochemistry.
RESULTS: HCV NS3 was strongly expressed in QSG7701
cells transfected with plasmid pRcHCNS3-5’ and the positive
signal was located in cytoplasm. Cell proliferation assay showed
that the population doubling time in pRcHCNS3-5’ transfected
cells was much shorter than that in pRcCMV and nontransfected cells (24 h, 26 h, 28 h respectively). The cloning
ratio of cells transfected with pRcHCNS3-5’, pRcCMV and nontransfected cells was 33 %, 1.46 %, 1.11 %, respectively,
the former one was higher than that in the rest two groups
(P<0.01). Tumor development was seen in nude mice
inoculated with pRcHCNS3-5’ transfected cells after 15 days.
HE staining showed its feature of hepatocarcinoma, and
immunohistochemistry confirmed the expressions of HCV NS3
and c-myc proteins in tumor tissue. The positive control group
inoculated with HepG2 also showed tumor development, while
no tumor developed in the nude mice injected with pRcCMV
and non-transfected cells after 40 days.
CONCLUSION: 1.HCV NS3 c-terminal deleted protein has
transforming and oncogenic potential. 2. Human liver cell
line QSG7701 may be used as a good model to study HCV
NS3 pathogenesis.
He QQ, Cheng RX, Sun Y, Feng DY, Chen ZC, Zheng H.
Hepatocyte transformation and tumor development induced by
hepatitis C virus NS3 c-terminal deleted protein. World J
Gastroenterol 2003; 9(3): 474-478
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INTRODUCTION
HCV infection is a major worldwide health problem. Persistent
infection with HCV is a critical risk for the development of
hepatocellular carcinoma (HCC)[1-3]. It has been reported that
the Core protein, NS3, NS4B, and NS5A have oncogenic
potential[2, 4-6]. HCV NS3 protein (nucleotide 3 420 to 5 312
with 631 amino acid residues) is a multi-functional viral
protein. In addition to serine proteinase activity, which is
located in the one-third of the NS3 protein at the N-terminal
end, helicase and nucleotide triphosphatase activities are
identified in the c-terminal half of the NS3 protein[7]. HCV
NS3 that plays a key role in the life cycle of virus and interacts
with host cellular protein has been one of hot spots in recent
research. We found that the NIH3T3 cell has stronger
telomerase activity after transfected with HCV NS3 plasmid,
indicating that HCV NS3 may be an important part in the
hepatocarcinogenesis[8]. Most studies on NS proteins have been
carried out by expression of single or multiple NS proteins in
cultured none hepatocyte, despite the fact that HCV is a
hepacivirus. In order to reflect the relation between HCV NS3
and host cell transformation more clearly, here we tried to
transfect human liver cell line QSG7701 with eukaryotic cell
plasmid pRcHCNS3-5’ (expressing NS3 c-terminal deleted
protein), and then inoculated nude mice with transfected cells
to investigate it’s biological behaviors and carcinogenesis.
MATERIALS AND METHODS
Materials
Hepatocyte cell line QSG7701 was got from Shanghai Institute
of Cell Biology, Chinese Academe of Sciences (CAS) and
HepG2 cell line was got from Cell Center of Central South
University. Nude mice (BALB/cA-nude) were got from
Shanghai Laboratorial Animal Center, CAS. The plasmid
pRcHCNS3-5’ (expressing HCV NS3 c-terminal deleted
protein) was the kind gift from professor Takegami[9]. Nonexpressive plasmid pRcCMV was purchased from Sigma Com
USA. LipofectaminTM reagent, G418 and Dulbecco’s modified
Eagle medium (DMEM) were products of GIBCO BRL
(Germany). Xbal, buffer and PCR kit, marker were bought
from Sino-American Biotechnique INC (Shanghai, P.R.China).
Anti-HCV NS3 protein MAb, anti-c-myc protein MAb and SP detection kit were purchased from Boshide Com (Wuhan, P.
R.China) and Maxim Biotech INC (Fuzhou, P.R.China),
respectively. New-born calf serum was got from Sijiqing
Bioengineering Ltd. (Hangzhou, P.R.China). PCR primers for
amplifying HCVNS3-5’ gene were synthesized at Shanghai
Sangon Com (Shanghai, P.R.China).
Methods
Experimental groups Group 1: QSG7701 parental cells;
Group 2: QSG7701 transfected with blank plasmid pRcCMV;
Group 3: QSG7701 transfected with plasmid pRcHCNS3-5’;
Group 4: HepG2 cell line used as positive control.
Cell culture Cell lines were maintained in DMEM with 10 %
heat-inactivated new-born calf serum, 100 unit/ml penicillin
in a humidified
and 100 unit/ml streptomycin at 37
atmosphere of 5 % CO2.
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Preparation, purification and identification of plasmids
pRcHCNS3-5’ and pRcCMV Plasmids pRcCMV and
pRcHCNS3-5’ were transferred into competent E coli JM109
respectively. JM109 was cultured to amplify the two plasmids.
Little plasmids were prepared from JM109 to identify the
specificity of the plasmids. The plasmid pRcHCNS3-5’ was
digested with Xbal, resolved with agarose gel electrophoresis,
and stained with ethidium bromide (EB). As shown in Figure
1, the electrophoresis analysis revealed the major 886bp
fragment of the plasmid pRcHCNS3-5’ as being expected.
Then the plasmids were massively extracted and purified for
transfecting QSG7701 cells.
1

2

3

4

M

886bp à

Figure 1 pRcHCNS3-5’digested with Xbal. Lane M:DNA
marker (Generuler TM 100bpDNA). Lane: 1, 2, 3, 4 plasmid
pRcHCNS3-5’ with 886bp fragment. (×100).

Transfection of QSG7701 cells with plasmids pRcHCNS35’ and pRcCMV QSG7701 cells were transfected with the
plasmids pRcHCNS3-5’ and pRcCMV, respectively according
to the instruction of Lipofectamine reagent. Cells were seeded
into selection medium containing 400 µg/ml G418 until G418resistant clones were obtained, and then cells were maintained
in G418 with concentration of 200 µg/ml (Figure 2). QSG7701
parental cells were used for the parallel control. To detect
cDNA in stable transfectants, total genomic DNA was extracted
according to standard methods and subjected to PCR and
agarose gel electrophoresis analysis. The primers for amplifying
HCVNS3-5’ gene were based on published sequences[9]. PCR
conditions were 35 cycles of three steps (94
30 sec, 57
30 sec, 72 40 sec) and then 72 5 min in a 50 µl reaction
mixture containing 5 µl 10×buffer, 5 µl 2 mM dNTPs, 0.5 µl
of each primer (25 pmol/µl), 1 µl (100 ng)DNA, 0.5 ul 5U/µl
Taq DNA polymerase, and 37.5 µl distilled water. PCR
products were subjected to electrophoresis on a 0.8 % agarose
gel, visualized by EB staining. As shown in Figure 3, 257bp
fragment was specifically amplified from DNA of the
QSG7701 cells transfected with plasmid pRcHCNS3-5’, but
no fragment was amplified from DNA of the pRcCMV
transfected cells and parental cells.
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1

2

3
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Figure 3 PCR analysis of DNA from QSG7701 transfected with
pRcHCNS3-5’ and pRcCMV; Lane M: 100bp marker; Lane 1:
pRcHCNS3-5’ transfected cells; Lane 2: pRcCMV transfected
cells; Lane 3: QSG parental cells.

Immunohistochemistry S-P method was used to detect the
expression of HCV NS3 protein in parental QSG7701 cells
and QSG7701 cells transfected with plasmid pRcHCNS3-5’,
pRcCMV. PBS substituting Mabs was used as blank control.
HCC expressing HCV NS3 protein was used as positive control.
Cell proliferation assay QSG parental cells and cells
transfected with pRcHCNS3-5’, pRcCMV (6×104 cells per
well) were seeded in 24-well plates and counted daily with a
haemocytometer respectively. Experiment was lasted for 7 days
and was repeated three times.
Anchorage-independent growth Cells were suspended at a
density of 2×103/ml containing 0.3 % granulated agar. The
mixture was added over a layer of 0.7 % agar in medium. After
4 weeks, the morphology of transfected cells was analysed
microscopically. Colonies including more than 50 cells were
scored. Experiment was repeated three times.
Tumor development in athymic nude mice 12 nude mice
(BALB/cA-nude, females, 4-6 weeks, 18-22 g) were divided
into 4 groups of 3 nude mice each and inoculated subcutaneously
in the right flank with pRcHCNS3-5’, pRcCMV and parental
cells (1×107cells in 0.2 ml of phosphate-buffered saline) and
monitored for tumor development. HepG2 cells were used as
the positive control. Tumor size and animal weight were
measured weekly. The nude mice were sacrificed and the
tumors were removed 40 days after inoculating. Tumor tissue
was fixed by 10 % formalin, embedded with paraffin wax,
sliced successively 5 µm per section and stained by HE.
Immunohistochemistry S-P method was used to detect the
expressions of HCV NS3 protein and c-myc protein in tumor tissue.

Statistical analysis
F test was used. P value of less than 0.05 was considered as
statistically significant.
RESULTS
HCV NS3 protein expression in QSG7701 cells transfected
with plasmid pRcHCNS3-5’
Immunohistochemical staining showed that QSG7701 cells
transfected with pRcHCNS3-5’ strongly expressed HCV NS3
protein. The positive signal was in cytoplasm (Figure 4). The
positive signal was also found in the positive control group,
but not in the blank and negative control groups.
Cell proliferation assay
The population doubling time in cells transfected with
pRcHCNS3-5’ (12 h) was much shorter than that in those
transfected with pRcCMV and parental QSG7701 cells (26 h,
28 h respectively). (Figure 5).

Figure 2 Colony formation of pRcHCNS3-5’ transfected
QSG7701 cells in G418 (×100).

Anchorage-independent growth
The cloning efficiencies in pRcHCNS3-5’, pRcCMV
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transfected cells and parental cells were 33 %, 1.46 %, 1.11 %,
respectively (P<0.01, the former vs the rest two).

World J Gastroenterol

March 15, 2003 Volume 9 Number 3

histologically feature of hepatocellular carcinoma.
Immunohistochemical staining showed that tumor tissue
expressed HCV NS3 protein and c-myc protein. The positive
signal was located in cytoplasm (Figure 7c, 7d).

A
A

B

Cell count

Figure 4 Immunohistochemistry analysis (S-P) of HCV NS3
protein expression in pRcHCNS3-5’ transfected cells (up) and
the negative control without positive signal (down) (×400).
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Figure 5 Proliferation rate of cells transfected with pRcHCNS35’, pRcCMV and parental QSG7701cells.

Tumor development in nude mice
In the nude mice inoculated with pRcHCNS3-5’transfected
cells, the first evidence of well-defined and distinct
subcutaneous tumors appeared on day 15. The mean tumor
size and weight on day 40 were 3.08 cm 3 and 3.13 g,
respectively. The HepG2 cells, as positive control, also induced
tumor in the nude mice. But no tumor developed in the mice
inoculated with pRcCMV and none-transfected QSG7701 cells
until 40 days after inoculating (Figure 6). Macroscopically,
the tumors induced by pRcHCNS3-5’ showed irregular yellowbrown node and appeared to be encapsulated. Central necrosis
could be seen on the cut surface. Microscopically, the tumor
cells exhibited similarity to hepatocyte except for heterogenesis
and they arranged as trabecular with intervening sinusoids.
Cancer cell nests with abundance granular necrosis were
separated by fibrous tissue (Figure7a, 7b). They showed the

D
Figure 6 Tumor development in nude mice, 6a, 6b, 6c and 6d
show inoculated with pRcHCNS3-5’transfecting QSG7701 cells,
HepG2 cells, QSG7701 cells transfected with pRcCMV and parental QSG7701 cells, respectively.
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A

B

C

D
Figure 7 pRcHCNS3-5’ induced hepatacellular carcinoma (7a
HE× 100, 7b HE× 400), HCV NS3 (7c) and c-myc (7d) protein
expressing in the tumor tissue by immunohistochemistry (S-P),
the positive signals are both in cytoplasm (×400).

DISCUSSION
It has been reported that persistent infection with HCV is
associated with HCC, and HCV replication and protein
expression can be observed in HCC tissue[1, 10-11], although the
pathogenesis of HCV infection-associated HCC is still
unknown. HCV, as a RNA virus without any RT activity, is
replicated in the cytoplasm and does not integrate with host
genome like HBV. Furthermore, unlike EBV or HPV, the HCV
genome itself, does not contain any known oncogene. Most
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studies indicate that the interaction between the HCV protein
an d liver cell gene/p ro tein h as been inv olved in
hepatocarcinogenesis. Zemel et al reported significant mutations
of amino acids that occur at the catalytic domain of the NS3 serine
protease gene isolated from HCC tissue will affect the activity
and substrate specificity of serine protease[12]. Sakamuro[9] and
Zemel[2] et al founded that HCV NS3 could transform NIH3T3
cell and non-tumorigenic rat fibroblast (RF) cell respectively.
HCV NS3 can suppress actinomycin D induced apoptosis[13],
inhibit cAMP-dependent protein kinase[14] and repress P53
function[15-17]. But the cell lines used by most researchers were
not based on HCV natural host cell-hepatocyte. Here nontumorigenic human liver cell line QSG7701 was used in our
study. QSG7701 cells that were immortally normal hepatocytes
came from liver tissue 6 cm far from HCC and their karyotype
number was 57[18]. QSG7701 cells with normal hepatocyte
phenotype were stably transfected with an expression vector
containing cDNA for NS3 proteinase activity. The transfected
cells grew rapidly, showed anchorage -independent growth in
soft agar and induced significant tumor formation in nude mice.
Our study firstly showed that the protease-coding gene of HCV
induced malignant transformation of nontumorigenic human
liver cells. Moreover injecting pRcHCNS3-5’ transfected cells
into nude mice led to significant tumor formation. The tumor
obtained from the nude mice showed the histologically feature
of hepatocellular carcinoma. The results suggest the involvement
of proteinase activity of HCV NS3 N terminal peptide in cellular
transforming and oncogenic potential.
Current studies show that HCV NS3 may be directly
involved in hepatocarcinogenesis by disturbing the regulation
of cell proliferation. But the mechanism of carcinogenesis is
still perplexing. Carcinogenesis, including HCC, is the result of
the abnormal proliferation of cancer cells. It is reported that various
oncogenic products are related to functional abnormalities of
intracellular signal transduction pathway, which have been proved
to be one of the proliferative mechanism of cancer cells. Great
progress has been made that HCV proteins regulate signal
transduction in the recent studies. Ras/Raf/MAPK pathway is
regarded to have close relation to HCV associated HCC.
Constitutive activation of the Ras/Raf/MAPK pathway is
important for the transformation of mammalian cells[19,20]. Indeed,
studies have demonstrated that HCC development and
progression is associated with the activation of Ras/Raf/MAPK
pathway in humans and rodents[21,22] Our lab also found that
MAPK activity is higher in HCC than that in the adjacent
noncancerous lesions, suggesting a progression of HCC through
Ras/Raf/MAPK activation[23]. Recently, the development of
anticancer drugs that target signaling proteins of MAPK pathway
has been a major goal in the cancer treatment[24,25]. There are
several reports concerning the relationship between HCV protein
and Ras/Raf/MAPK signal transduction pathway. For example,
some evidences suggest that HCV C protein directly or indirectly
activates Ras/Raf/MAPK signal transduction pathway elements
(including Raf-1, ERK, MEK, Elk, SRE, AP-1) in different cells
such as HepG2, CCL13, COS7, MCF-7, BALB/3T3 and
NIH3T3[26-31]. Borowski et al reported an arginine-rich domain
located in the NS3 region (residues1487 to 1500 of HCV
polyprotein) which strongly resembles the autoinhibitory
sequence of the PKA R subunit. It binds to the C subunit of
PKA and inhibits the translocation of C subunit into nucleus.
Consequently, PKA functions are arrested[32]. Marshall identified
that specific sites between Ras and Raf-1 are essential to plasma
membrane localization and Raf activation. The formation of Ras/
Raf-1 complex is negatively regulated by PKA through
phosphorylation of Raf-1 N terminal serine 43, which is believed
to cause an N-terminal cap structure to cover the Ras docking
site which ultimately leads to inhibit Raf-1 activation[33, 34]. HCV
NS3 may activate Raf-1 by interfering the function of PKA. We
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previously demonstrated that HCV NS3 N-terminal peptide
(residues 1020-1295) positively regulates ERK1/2
phosphorylation. Because the N terminal peptide of HCV NS3
used in our study does not include the arginine-rich domain.
We preclude that either HCV NS3 interacts with PKA through
other domain or HCV NS3 involves in Ras/Raf/MAPK signal
transduction pathway through other targets. Nuclear transcriptional
factors c-myc as a target factor regulated by downstream of the
MAPK casade may increased when MAPK is activated.
Overexpression of c-myc in tumor tissue of nude mice was detected
which was consistent with other’s report[35]. It is supposed that
HCV NS3 may be involved in hepatocarcinogenesis through Ras/
Raf/MAPK/c-myc signal transduction.
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Abstract
AIM: To develop atumor vaccine by fusion of H22
hepatocarcinoma cells and DC, and to study its protective
and therapeutical effect against H22 cell.
METHODS: H22-DC vaccine was produced by PEG fusion
of H22 and DC induced by cytokine released from splenic
mononuclear cells, sorted by CD11c magnetic microbead
marker. It was injected through the tail vein of the mice
and the H22-DC oncogenesis was detected in the liver, spleen
and lung. In order to study the therapeutical and protective
effect of H22-DC against tumor H22, two groups were divided:
immune group and therapeutic group. Immune group was
further divided into P, D, HD and H subgroups, immunized
by PBS, DC, H22-DC and inactivated H22, respectively, and
attacked by H22 cell. The tumor size, tumor weight, mice
survival time and tumor latent period were recorded and
statistically analyzed; Therapeutical group was divided into
three subgroups of P, D and HD, and attacked by H22, then
treated with PBS, DC, and H22-DC, respectively. Pathology
and flow cytometry were also applied to study the mechanism
how the H22-DC vaccine attacked on the H22 cell.
RESULTS: 1. No oncogenesis was found in spleen, lung
and liver after H22-DC injection. 2. Hybrid vaccine immunized
mice had strongest CTL activity. 3. In the immune group,
latent period was longer in HD subgroup than that in P, H
and D subgroup; and tumor size and weight were smaller in
HD subgroup than that in P, H and D subgroup. 4. In
therapeutic group, tumor size was smaller in HD subgroup
than that in P, D subgroup.
CONCLUSION: 1. H22-DC tumor vaccine is safe without
oncogenesis in vivo. 2. Hybrid vaccine can stimulate potent
specific CTL activity against H22. 3. H22-DC vaccine has
distinctive prophylatic effect on tumor H22 and can inhibit
the tumor growth.
Zhang JK, Li J, Zhang J, Chen HB, Chen SB. Antitumor
immunopreventive and immunotherapeutic effect in mice
induced by hybrid vaccine of dendritic cells and hepatocarcinoma
in vivo. World J Gastroenterol 2003; 9(3): 479-484
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INTRODUCTION
Tumor cells have low antigenicity and high antigen modulatory
ability, by which tumor associated antigen or tumor specific
antigen can’t be efficiently presented to T cells and tumor
specific killing T cell can’t be efficiently activated [1-5].
Furthermore, as one of antigen presenting cells (APC), tumor
cells are anergy to T cells because of their deficiency of
costimulator. Dendritic cells (DC), as a potent professional
APC, not only express MHC molecules and costimulators to
present tumor antigen and activate tumor specific T cells, but
also can directly activate NK cell to kill MHC molecule
negative tumor cell in nonspecific immunity. So much attention
was paid to DC for its potential application in antitumor
immunity[6-10]. Hepatocarcinoma is a high malignant tumor, so
it is an important assignment to find a suitable way to kill the
hepatocarcinoma. Our previous work showed that hybrid
vaccine could kill tumor cell in vitro[11-16]. In this report, we
tried to find a way to apply the DC in the prevention and therapy
of hepatocarcinoma.
MATERIALS AND METHODS
Materials
Tumor cell line H22 cell line, constructed by Dalian medical
university from the mouse ascite, was heterogeneous cells with
higher declination to spread by lymph vessel.
Animal BALB/c mice were bought from laboratory animal
center of antibiotic industrial institute in Sichuan china. All
mice were male, specific pathogen free animals, with age of
6-8 weeks and weight of 15-20 g.
Main reagents Metrizamide was product of Amresco
Company. Mini MACS cell sorter and CD11c MicroBeads
marked antibody were products of Miltenyi Biotec GmbH
Company. rmGM-CSF (granulocyte-macrophage colonystimuting factor) was a product of R & D company. Polyethylene
glycol (PEG) was purchased from Sigma Chemical Company.
MTT solution was a product of Amresco Company.
Methods
Culture of tumor cells H22 cell was incubated in doublelayer agarose culture medium (upper layer 0.3 %, base layer
0.6 %) with concentration of 5×105/L and cultured for 10 days.
Single colony was selected and transferred to culture flask for
expanding culture. Cells of the logarithmic stage were collected
and conserved in frozen conditions for later use. 0.1 ml 1×107
H22 cells were incubated subcutaneously at the right armpit,
carcinogenesis in vivo was observed.
Isolation of DC from spleen Spleen of mice was grinded it
into cell suspension, they were lysed by NH4Cl, centrifugated
by metrizamide gradient solution. Cells in the interface were
collected, and cultured routinely by complete culture medium
RPMI 1640 at 100 % humidity, 37 , 50 mL·L-1 CO2 for 3
hours, then the suspended cells were removed and continued
to be cultured for another 16hours, the non-adherent cells were
collected, and adjusted to the concentration of 1×109/L, then
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cultured in the complete medium with 200 mL·L-1 NCS and
rmGM-CSF (500 ng/L) for 5-7days[17].
Fusion of DCs and H22 DCs and H22 were washed by PBS
for 3 times, then the mixture of these two kinds of cells (DCs:
H22=1:1) were centrifugated to remove the upper liquid gently
and completely, the cell droplet was loosen by shaking, 500
mL·L-1 PEG was added in the droplet in 37
water bath to
fuse for 1 min, and simultaneously the tube was shook gently.
D-hanks solution was added to terminate the fusion process
for 5 min in 37
water bath, the upper liquid was removed
by centrifugation, and the cell droplet was collected. the cell
availability and number of fusion cells was detected by trypan
blue staining.
Screening and determination of hybrid cell The fusion cells
were marked by CD11c antibody, and sorted by Mini MACS
to remove the CD11c_ cells and the CD11c+ cells were collected
and they were cultured in RPMI complete medium with rmGMCSF (500 ng/L) and 200 mL·L-1 NCS for 2-3 weeks[18].
Carcinogenic effect of hybrid vacciney in vivo Mice were
divided into five groups of HD1group, HD2 group, D group,
H group and P group. 0.1 ml hybrid vaccine was injected into
tail veil of mice in the HD1group, mice in the other group were
injected at right armpit subcutaneously with 0.1 ml 1-2×107/ml
vaccine, H22 cells+DC, H22 cells and PBS, respectively. And,
14 days later, tissues of the injection site, spleen, liver and
lung were isolated, the tumor weight was compared.
Analysis of the CTL activity 20 mice were classified to four
groups of HD group, D group, H group and P group, each
group had 5 mice. Mice were injected with 0.1 ml hybrid
vaccine, DC, heat inactivated H22 and PBS at the concentration
of 1×1010-2×1010/L, twice every three days. All the mice were
killed at 10 days after the last immunization and the spleen
lymphocytes were separated and cultured under condition of
complete medium with IL-2 (1×105u/L) and 100 mL·L-1 FCS
at saturated humidity, 37 , 50 mL·L-1 CO2 to induce the CTL.
CTL and H22 was mixed at 5:1 and 10:1 effector/target rate,
respectively. In addition, there were a CTL control group, a
H22 control group and a culture medium control group. All
specimens had 3 parallel wells on a 96-well culture plate. All
were cultured under conditions of saturated humidity 37 ,
50 mL·L-1CO2 for 48 hours. MTT method was used to detect
the CTL cytotoxity against H22. Chief process was as below:
adding 5 g/L MTT solution 20 ul in each well for 4 hour before
the detection, then it was centrifugated to remove the free MTT;
150 ul DMSO was added to the cell droplet for 10 min to solve
the MTT. Bio-Rad 350-uv automatic enzyme linker detector
is used to detect the OD value at 570 wavelength[19]. All were
repeated for 4 times.
Protective effect of hybrid vaccine against H22 40 BALB/c
mice were randomly divided into HD, D, H and P subgroups,
ten mice in each subgroup, immunized by 0.1 mL hybrid
vaccine, DC, heat inactivated H22 and PBS, respectively, at
concentration of 1×109/L, two times every three days by tail
veil. Three days after the last immunization, all mice were
injected by 1×106 H22 at the right armpit subcutaneously. The
mice weight, tumor formation, tumor size and day of mice
death were recorded. 5 mice were randomly chose and killed
on day 14, tumor tissue, lung tissue, liver tissue and lymph
node of neck and armpit were sampled for routine paraffin
embedded slice and HE staining. Other mice were kept
observation for 50 days.
Therapeutic effect of hybrid vaccine against H22 30 BALB/
c mice were randomly divided into HD, D and P subgroups,
ten mice in each subgroup. All mice was injected with H22
tumor cell 1×106 subcutaneously at right armpit. 3 days later,
tumor was formed in all mice which demonstrated the
successful construction of tumor model. Mice in different
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groups were treated with 0.1 mL hybrid vaccine, DC, and PBS,
respectively, at the concentration of 1×109/L, two times every
three days, by the tail veil. The tumor weight and size were
recorded each day. 5 mice were randomly chose and killed on
day 14; pathological changes were observed in tumor tissue.
The other mice were kept on feeding for 50 days.

Statistical analysis
Data were analyzed by the method of ANOVA (SPSS 10.0
software).
RESULTS
Culture of tumor cell
H22 grew in vitro in a suspended manner, single or integrated,
its double proliferation time was 24 hours. H22 cell can grow
to form colony composed of hundreds of cells in 5-6 days,
thousands cells in ten days on agarose cultured medium.
Incubation of 1×106 H22 at right armpit subcutaneously in
vivo can successfully induce tumor in all mice. Tumor grew
aggressively to invade the surrounding tissue, tumor appeared
necrosis when tissue bulk were big enough, even gangrenous
impairment appeared on skin when tissue diameter was beyond
30 mm. Tumor tissue had integrated cell with few intercellular
materials, had no funicular structure of normal liver. Tumor
cells had distinctive cellular pleomorphism, nuclear
pleomorphism, nuclear hyperchromatism and increased
nuclear: cytoplasmic ratio (Figure 1).
Morphology of spleen DC
DC was round and irregular with sharp and long, or blunt cell
extension. Induced by rmGM-CSF for 5-7days, DC grew into
a colony; outer cell of it had much extension. Sorted by
Microbead marked CD11c, most of them were CD11c+.
Carcinogenesis of Hybrid vaccine in vivo
No carcinogenesis appeared after hybrid vaccine was injected
subcutaneously for 60 days, while H22 was injected, tumor
appeared in 100 % mice at site of injection. There was
significant in tumor weight between the HD and H22 subgroup
(P<0.01). 1×106 hybrid vaccine was injected by tail veil, the
mice’s spleen, lung and liver were sampled after 14 days, three
slices were sectioned for each organ, no carcinogenesis
appeared (Figure 2-3).
Activity of spleen CTL
CTL activity of mice in HD subgroup was significantly higher
than that of D, H and P subgroup (Figure 4).
The protective effect in vivo hybrid vaccine against H22 in
different subgroup
Observation of carcinogenesis Mice of different subgroups
in protective group were injected with H22 cells, the tumor
latent time ranked as P<H<D<HD subgroup (P<0.05). This
demonstrated that the HD subgroup had delayed tumor latent
time (Figure 5A); tumor size and tumor weight ranked as
HD<D<H<P subgroup (P<0.05) (Figure 5B, C), which
showed that mice in the HD subgroup had the lowest tumor
size and tumor weight, and the D subgroup had secondly
lowest tumor size and tumor weight. Survival time among
different subgroups had no significant difference (P>0.05)
(Figure 5D).
Pathology of different subgroups Macroscopic structure
showed the tumor tissue was hard and adherenced to the
surrounding tissue. Cutting face of tumor tissue was gray and
diffused dot-like brown. Microscopic structure showed that
tumor had dot like or sheet like necrosis (Figure 6A, B, C, D).
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Figure 5A Comparison of latent time among different
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Figure 1 Tumor tissue after 14 d subcutaneous incubation.
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Figure 5B Comparison of tumor weight among different
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Figure 2 Liver tissue of 14 d after hybrid vaccine injection by
tail veil HE, 3.3×20.
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Figure 5C Comparison of tumor size among different
subgroups.
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Figure 3 Lung tissue of 14 d after hybrid vaccine injection by
tail veil HE, 3.3×20.
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Figure 5D Comparison of survival period among different
subgroups.
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Figure 4 CTL activity of different subgroup at different effector/target ratio.

Therapeutic effect of hybrid vaccine against H22
Inhibitory effect of hybrid vaccine in carcinogenesis Treated
with hybrid vaccine, DC and PBS, tumor size in different
subgroups ranked as HD<D<P (P<0.05) (Figure 7). Survival
time and tumor weight had no significant difference among
the different subgroups in therapeutic group.
Pathology of different subgroups Macroscopic structure
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showed the tumor tissue was hard and can’t separate with
surrounding tissue easily. Cutting face of tumor tissue is gray
and diffuse dot-like brown. Microscopic structure showed
tumor has dot like or sheet like necrosis (Figure 8A, B, C).
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Figure 7 Comparison of tumor size on day 14 among different
subgroups of therapeutic group.

Figure 6A There isn’t obvious necrosis in tumor tissue of 14 d
in pretective group P subgroup. HE, 3.3×20.

Figure 8A There is dot or sheet like necrosis in tumor tissue of
14d in therapeutic group P subgroup. HE, 20×3.3.

Figure 6B There is dot like necrosis in tumor tissue of 14 d in
pretective group H subgroup. HE, 3.3×20.

Figure 8B There is sheet like necrosis in tumor tissue of 14 d in
therapeutic group D subgroup. HE, 20×3.3.

Figure 6C There is sheet like necrosis in tumor tissue of 14 d
in pretective group D subgroup. HE, 3.3×20.

Figure 8C There is sheet like necrosis in tumor tissue of 14 d
in therapeutic group HD subgroup. HE, 20×3.3.

Figure 6D There is extensive necrosis in tumor tissue of 14 d
in pretective group HD subgroup. HE, 3.3×20.

DISCUSSION
H22 ascite hepatocarcinoma has strong invasion and spreading
declination by lymph vessel. In this report, H22 cells had 100 %
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carcinogenesis effect on BALB/c mice, which was consistent
with other report[19]. H22 cells grow quickly in vitro, which ccan
be easily used to construct the tumor animal model, and express
low level of MHC molecule. So H22 cells are suitable for DC
antitumor research.
In this report, DC was separated through centrifugation by
metrizamide; the maturation of DC was induced by cytokine
of rmGM-CSF; DC and H22 were fused through PEG, they were
marked by CD11c, and sorted by Mini MACS. By above process,
the hybrid vaccine was successfully constructed[15,17,19,20]. The
methods were simple and easily operated. Hybrid Vaccine,
injected subcutaneously, has no tumor formation at local tissue,
and injected by tail veil, it also has no carcinogenesis in the
liver, lung and spleen, so it loses the carcinogenic effect of H22
cells, and is safe to develop tumor vaccine in vivo.
In the protective group, different subgroups had different
tumor latent time, and different interval between the H22
incubation and tumor formation. The HD subgroup had the
longest tumor latent time; the D subgroup had the second
longest tumor latent time. The results showed that the hybrid
vaccine and DC could delay the tumor carcinogenesis. The
HD subgroup had the lowest tumor size and tumor weight, the
D subgroup had the second lowest tumor size and tumor weight.
The results showed that hybrid vaccine had the strongest antitumor effect. Hybrid vaccine could express some DC
characteristics such as membrane molecule MHC-I, II molecule
and costimulator, secrete some cell factors which can stimulate
the T cell expansion, capture and present endogenous tumor
associated antigens derived form parents H22 cells, so it can
efficiently stimulate the immune response[21-25]. There were
similar results in other research reports on hybrid vaccines of
DC with MC38, NS1, B16 melanoma, RMA-s lymphpma and
renal carcinoma[26-35].
Mice immunized by hybrid vaccine could induce the tumor
specific memory T cells, which could quickly be activated and
expanded when they contact with tumor antigen again. When
CD40 which was expressed by memory T cell integrated with
CD40L of DC, it could stimulate DC to secrete high level of
IL-12, and to enhance the expression of ICAM-1, CD80 and
CD86. The activated DC could stimulate the proliferation of T
cells and secretion of IFN-γ of T cells[36-39]. It was reported that
IFN-γ gene modified H22 cells could enhance the antigenicity
and the expresseion of MHC-II molecule from 10 % to 19 %;
TNF gene modified H22 cell also could enhance the MHC-I
molecule expression in different clones with different
transfection methods which was enhanced to 28.39 % and
35.78 % in two clones which had the highest expression of
MHC-I ; GM-CSF gene modified H22 had lower oncogenicity
in vivo, the possible mechanism attributed to the enhanced
MHC expression[40-44].
Hybrid vaccine also takes part in nonspecific immunity; it
can directly activate NK cells to kill MHC-tumor cells. Some
reports demonstrated DC could produce large number of INFγ, which can inhibit the virus replication and stimulate the NK
and macrophages [45-47]. In this report, the hybrid vaccine
antitumor function perhaps attributed to both adaptive and
inborn immunity.
In the therapeutic group, tumor size in the HD subgroup
was significantly lower than that in other subgroups after treated
for 14 days, which showed that H22-DC could inhibit the tumor
growth. Some reported the similar effect. For example, after
breast cancer cells hybridised with CD14 + derived DC, 3H
incorporation assay showed that hybrid cell can stimulate the
proliferation T cells, while only tumor cell, DC and mixture of
DC and tumor cell have no such effect[48-55].
From above, it is concluded that hybrid vaccine acquired
the function of parents cell such as antigen presenting function
of DC and T stimulating ability and capture the tumor derived
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antigen. Hybrid vaccine has the protective and therapeutic
effect against H22. This research can provide some evidence
for the clinical application of tumor vaccine.
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Abstract
AIM: To investigate the photodynamic inhibitory effects of
Elsinochrome A (EA), Hypocrellin A (HA) and Hypocrellin B
(HB) on human colorectal carcinoma Hce-8693 cells and
rhesus monkey embryonic stem R366.4 cells, via inducing
apoptosis.
METHODS: EA, HA and HB were extracted from
metabolites of Hypomyces (Fr) Tul.Sp. R366.4 cells or Hce8693 cells were cultured with different concentrations of
EA, HA or HB respectively, irradiated and incubated with
fresh medium for 2 h. Cell cycle analysis was performed by
flow cytometry (FCM). Data were expressed as means ±SD
and analysis of variance and Student’ t-test for individual
comparisons.
RESULTS: The photodynamic bioactivity of EA was first
reported in this study. After irradiation for 5 min, 6 min, 10
min or 20 min, photoactivated EA at lower concentrations,
which were 10-7 Mol/L, 10-6 Mol/L, 10-5 Mol/L respectively,
had no cytotoxic effects on R366.4 ES cells. Whereas, all of
the three perylenequinones could induce apoptosis with a
dose-dependent manner when Hce-8693 cells were
incubated with photoactivated EA, HA and HB respectively.
When Hce-8693 cells were incubated with EA at 10-6 Mol/L
and irradiated 5 min, 6 min, 10 min and 20 min respectively,
the rates of EA-induced apoptosis were 0, 0, 13.4 % and
40.5 %. While the rates of HA-induced apoptosis were
29.5 %, 32.0 %, 40.2 % and 22.6 %. And the rates of HBinduced apoptosis were 0, 0, 0 and 13.7 % respectively.
Meanwhile, after 10-5 Mol/L treatment, the rates of EA-induced
apoptosis were 32.7 %, 19.3 %, 26.4 % and 52.7 %, the
rates of HA-induced apoptosis were 47.2 %, 39.1 %, 45.2
% and 56.6 %, and the rates of HB-induced apoptosis were
0, 0, 20.0 % and 13.9 % respectively.

CONCLUSION: EA, HA and HB have significant anti-cancer
activity. The order of photodynamic inhibitory effects on
tumor cells would be approximately HA>EA>HB. The
molecular mechanisms of apoptosis may not be induced by
reactive oxygen species and are worth further investigation.
Ma L, Tai H, Li C, Zhang Y, Wang ZH, Ji WZ. Photodynamic
inhibitory effects of three perylenequinones on human colorectal
carcinoma cell line and primate embryonic stem cell line. World
J Gastroenterol 2003; 9(3): 485-490
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INTRODUCTION
Perylenequinones are a type of photosensitive pigments
widespread in nature, which have been isolated from fungi, as
well as other organisms[1-5]. These lipid-soluble 4.9-dihydroxy3, 10-perylenequinone derivatives are efficient producers of
singlet oxygen (1O2) in visible light[6-11]. Due to their excellent
photosensitive properties, they are expected to be developed
as new phototherapeutic medicines [8,12-17]. Among them,
Elsinochrome A (EA) was first reported in 1966 by Chen CT
et al., who isolated EA from Elsinoe spp. I[1-2]. And Meille SV
et al. reported the structure of EA[18]. Since then, there are no
more related reports about EA. Hypocrellins are well-known
photosensitizers, including hypocrellin A (HA) and hypocrellin
B (HB), isolated from natural fungus sacs of Hypocrella
bambusae growing in north western region of Yunnan Province
in China[19]. Hypocrellins were potent inhibitors of protein
kinase C (PKC)[20], and could inactivate some types of viruses
in the presence of visible light and oxygen. These processes
appeared to be mediated predominately by 1O2. This was further
supported by the extremely high quantum yield of 1O 2
generation by hypocrellin [21-23] s. Many investigations
demonstrated that hypocrellins had a strong photodynamic
effect on tumours[24] and impressive antiviral activity against
human immunodeficiency virus type 1 (HIV-1)[25]. Recently,
it has been reported that hypocrellin can photosensitize
apoptotic cell death[26]. The above investigations collectively
provide a compelling rationale for the development of
hypocrellin and its derivatives as PDT photosensitizers.
Our group has recently isolated a filamentous fungal strain
from western region of Yunnan Province in China and identified
it as Ascomycetes Hypocreales Hypocreaceae Hypomyes(Fr)
Tul.sp based on the taxonomic study. Hypomyces (Fr) Tul.Sp.
was found for the first time to produce Elsinochrome A (EA),
Hypocrellin A (HA) and Hypocrellin B (HB), under solid-phase
fermentation conditions. Colorectal cancer is common in China.
Since EA and Hypocrellins could be a potential tumor
photopreventive and phototherapeutic agents, it is worthwhile
to investigate the photodynamic effects of these photosensitizers.
In this study, we examined the relative potency of EA, HA and
HB against two cell lines, human colorectal carcinoma Hce8693 cells and rhesus monkey embryonic stem ( ES ) R366.4
cells, and attempted to correlate anticancer activity with chemical
structure and quantum yield of 1O2.
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MATERIALS AND METHODS
Synthesis
The fungal metabolites were isolated from solid-substrate
fermentation cultures of Hypomyces (Fr) Tul.Sp. and evaporated
to dryness. The powder of Hypomyces (Fr) Tul.Sp. was extracted
with acetone at room temperature and then evaporated to dryness
in vacuo. The recrystallized crude product was purified by silica
gel column chromatography with a mixed solvent of petroleum
ether:EtOAc:EtOH (4:2:1). The purified crystallized products
were characterized with element analysis measurement (PE
2 400), UV-visible spectrophotometry (PE UV/V is Lambda
Bio), fluorescence spectra instruments (Hitachi-850), FT-IR(PE
1 000), 1H, 13C-nuclear magnetic resonance (Bruker AM-400).
The results were consistent with literature data.
Each of the above products was dissolved respectively in
dimethylsulfoxide (DMSO) at 1 M and stored at 4
in dark
conditions. Under these conditions the solutions were stable
for 2 months. The stock solutions were diluted 103 to 107 fold
and in the final experimental conditions, the final DMSO
concentration (0.1 %) did not affect the viability of the culture
cells, as demonstrated in control experiments.
Cell lines
Rhesus monkey embryonic stem cell line R366.4 was kindly
provided by Dr James A Thomson (The Wisconsin Regional
Primate Research Center, University of Wisconsin, US). Cells
were plated in mouse embryonic fibroblasts (previously
exposed to 3 000 rads γ-radiation) in medium consisting of
85 % Dulbecco’s Modified Eagle medium (4 500 mg of glucose
per liter, with L-glutamine, without sodium pyruvate; GIBCO)
with 15 % fetal bovine serum (HyClone), 1×10 -7 Mol/L 2mercaptoethanol (Sigma) and 1 % nonessential amino acid
stock (GIBCO). Human colorectal carcinoma Hce-8693 cells
were obtained from ATCC. The cell lines Hce-8693 were
maintained in Dulbecco’s Modified Eagle medium (GIBCO)
supplemented with 10 % new born calf serum (HyClone). All
under a water-saturated sterile
cell lines were grown at 37
atmosphere containing 5 % CO2 (Forma Scientific Incubator).
All cell manipulations in the presence of EA, HA and HB were
performed under subdued light conditions.
Light irradiation
Cells incubated with EA, HA and HB were irradiated with a
water-cooled 1 300 W tungsten-bromine lamp. All cells
proliferated as monolayers attached to the plastic bottom of
the plate which was completely transparent for the excitation
light. Temperature recorded in tissue culture plate did not
exceed room temperature during the irradiation period.
Immediately after irradiation, cells were rinsed three times with
PBS and grown in a fresh medium for 2 hours.
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into the medium overlying 5.0×10 4 cells in 6-well plates.
Following 2 h incubation, the cells were irradiated for 5 min,
6 min, 10 min and 20 min respectively (or not in case of
darkness). After the drug-containing medium was removed,
the cells were washed with phosphate-buffered saline (PBS)
three times and the fresh ES culture medium was put on the
cells prior to incubation for 2 h at 37 in saturated humidified
air with 5 % CO2. Finally, the cell proliferation was determined
by flow cytometric assay.

Inhibitory effect of EA, HA and HB on the proliferation of Hce8693 cells by inducing apoptosis
Hce-8693 cells growing in confluent culture were used to assess
inhibitory effects of EA, HA and HB via flow cytometric assays.
For each compound, graded doses (1×10-6 Mol/L, 1×10-5 Mol/L,
1×10-4 Mol/L, 1×10-3 Mol/L) dissolved in DMSO were mixed
into the medium overlying 5.0×10 4 cells in 6-well plates.
Following 2 h incubation, the cells were irradiated for 5 min,
6 min, 10 min and 20 min respectively (or not in case of
darkness). After the drug-containing medium was removed,
the cells were washed with phosphate-buffered saline (PBS)
three times and the fresh culture medium was put on the cells
prior to an incubation for 2 h at 37 in saturated humidified
air with 5 % CO2. Finally, the cell proliferation was determined
by flow cytometric assay.
Statistical analysis
Student’s t test was used to assess statistical significance of
differences. If P<0.01, the difference was considered very
significant.
RESULTS
Synthesis
The structures of the compounds are shown in Figure 1, and their
relevant photochemical properties are summarized in Table 1.
Table 1 The photochemical properties of the perylenequinones
UV λmax (log ε)*

Structure
EA
HA
HB

459(1.60), 528(0.84), 568(1.04)
468(1.88), 542(0.83), 582(0.90)
470(0.27), 540(0.12), 583(0.13)

OH

Photocytoxicity studies in R366.4 cell lines
R366.4 cells growing in sub-confluent culture were used to
assess photocytotoxic effects of EA via flow cytometric assays.
Graded doses of EA (1×10-7 Mol/L, 1×10-6 Mol/L, 1×10-5 Mol/
L, 1×10-4 Mol/L, 1×10-3 Mol/L) dissolved in DMSO were mixed

φ 1O2

460(3.78), 531(3.13), 571(3.60)
417(5.51), 542(1.02), 582(7.70)
471(4.39), 543(3.01), 583(3.36)

0.94
0.83
0.76

O

OH

OCH3
O
CH3O

O

OCH3
CH3

CH3O
CH3O

CH3O

Flow cytometry
Cells were incubated with various doses of EA, HA or HB,
irradiated, incubated for additional 2 h and then harvested,
washed with phosphate-buffered saline (PBS) three times and
fixed with 700 mL·L-1 ethanol at 4 overnight. Fixed cells were
washed three times with PBS and stained with 800 µL propidium
iodide and 200 µL deoxyribonulcease-free ribonuclease A in
PBS. The fluorescence intensity of propidium iodide-stained
nuclei was detected with flow cytometer (EPICS-XL, Coulter,
USA) and 10 000 cells were analyzed with Multicycle software.

λmax (log ε)*

OH
COCH3

O
OH

O

OCH3

OCH3

Molecular structure of EA

OH

O

OH

O

Molecular structure of HA

OCH3
CH3

CH3O
CH3O

Molecular structure of HB

COCH3
OCH3
OH

O

Figure 1 Structures of the three perylenequinones for photodynamic activity.
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Photodependent cytotoxicity studies in R366.4 cell lines
Embryonic stem (ES) cells are derived from preimplantation
embryos, have a normal karyotype, and are capable of
indefinite, undifferentiated proliferation[27]. Recently, in vitro
mouse ES cell culture method has been used to test mutagenic,
cytotoxic and embryotoxic effects of chemical substances[28-30].
In this study, rhesus monkey ES R366.4 cells were first used
to measure the photocytoxicity of EA by judging the apoptosis
of ES cells. After treated the R366.4 ES cells with EA at various
concentrations, with or without light irradiation, the rate of
apoptosis obtained by FCM were shown in Table 2 and Figure
2. The data illustrated that photoactivated EA had no cytotoxic
effects on the R366.4 ES cells at low concentrations, which
were 10-7 Mol/L, 10-6 Mol/L, 10-5 Mol/L respectively. Whereas,
all of photoactivated EA at higher concentrations (10-4 Mol/L
and 10 -3 Mol/L respectively) exhibited a potent cytotoxic
effects on R366.4 cells. In general, no large differences in the
photodependent cytotoxic effects of EA were found between
the different irradiation time. In the case of the photocytotoxic
EA no cytotoxic effect was observed in dark conditions.

rate of Hce-8693 cell apoptosis. On the contrary, no large
differences in the antiproliferative effect of the photoactivated
EA was found between the different irradiation time.
Table 3 Hce-8693 cell apoptosis induced by photoactivated
EA (means ±SD, n=3)
Rate of apoptosis/%
Group

10-6 Mol/L

10-5 Mol/L

10-4 Mol/L

Control

0

0

0

5 min

0

6 min

0

10 min

13.4±3.25

20 min

40.5±8.58b

b

Rate of apoptosis/%
5 min

6 min

10 min

20 min

Control

0

0

0

0

10-7 Mol/L

0

0

0

0

10-6 Mol/L

0

0

0

0

10-5 Mol/L

0

0

0

0

10-4 Mol/L

48.8±4.50b

50.3±4.14b

52.1±2.35b

50.5±3.68b

10-3 Mol/L

54.9±2.99b

53.4±4.01b

52.4±3.50b

50.2±4.93b

b

60
1
2
3
4
5

Rate of apoptosis/%

40
30
20
10
0

5

6

10

19.3±4.16

b

26.4±4.89

b

52.7±11.82b

0

53.6±6.62

b

63.4±10.24b

32.8±7.38

b

55.5±7.00b

31.3±5.39

b

44.9±5.46b

65.2±11.22b

68.0±5.93b

80
70
60
50
40
30
20
10
0

5 min
6 min
10 min
20 min

-6

-5

-4

-3

Log C (mol/L)

P<0.01, vs EA control.

50

b

32.7±7.56

b

10-3 Mol/L

P<0.01, vs EA control.

Rate of apoptosis/%

Table 2 EA-induced apoptosis in R366.4 ES cells with FCM
assay (means ±SD, n=3)
Group

487

20

Lrradiation time (min)

Figure 2 Photodependent cytotoxic effects of EA on R366.4 ES
cells at various concentrations: (1) 10-7 Mol/L, (2) 10-6 Mol/L,
(3) 10-5 Mol/L, (4) 10-4 Mol/L, (5) 10-3 Mol/L respectively. Results are means ± SD of three independent experiments.

Inhibitory effect of EA on the proliferation of Hce-8693 cells
by inducing apoptosis
In order to investigate the antiproliferative effect of EA, Hce8693 cells were incubated with different concentrations of EA
under dark conditions and subjected 2 hours to different
irradiation time (5, 6, 10 and 20 min respectively). The cells
were then further incubated for an additional 2 hours in the
dark without photosensitizer and measured via FCM assay.
The rates of apoptosis induced by EA are shown in Table 3
and Figure 3. For each irradiation time, the data showed that
there was dose-dependent relationship between EA doses and

Figure 3 Dose-dependent relationship between EA doses and
rate of Hce-8693 cell apoptosis. Cells were incubated for 2 h
with 1×10-6 Mol/L, 1×10-5 Mol/L, 1×10-4 Mol/L, 1×10-3 Mol/L
EA photosensitizer respectively and then irradiated. Results
are means ± SD of three independent experiments.

Inhibitory effect of HA on the proliferation of Hce-8693 cells
by inducing apoptosis
In order to investigate the antiproliferative effect of HA, Hce8693 cells were incubated with different concentrations of HA
under dark conditions and subjected 2 hours to different
irradiation time (5, 6, 10 and 20 min respectively). The cells
were then further incubated for additional 2 hours in the dark
without photosensitizer and measured via FCM assay. The rates
of apoptosis induced by HA were shown in Table 4 and Figure
4. For each irradiation time, the data showed that there was
dose-dependent relationship between HA doses and rates of
Hce-8693 cell apoptosis. On the contrary, no large differences
in the antiproliferative effect of the photoactivated HA was
found between the different irradiation time.
Table 4 Hce-8693 cell apoptosis induced by photoactivated
HA (means ± SD, n=3)
Rate of apoptosis/%
Ggroup

Control

10-6 Mol/L

10-5 Mol/L

10-4 Mol/L

0

0

0

5 min

29.5±2.29

6 min

32.0±5.64

b

10 min

40.2±6.23b

45.2±8.40b

45.5±8.38b

53.4±8.77b

20 min

22.6±3.39

56.6±3.86

62.8±4.23

68.4±8.85b

b

P<0.01, vs HA control.

39.1±6.41

b

0

b

b

47.2±8.79

b

10-3 Mol/L

b

48.4±4.66

b

58.8±8.40b

43.2±8.84

b

66.4±8.02b

b

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Rate of apoptosis/%

80
70

5 min
6 min
10 min
20 min

60
50
40
30
20
10
0

-6

-5

-4

-3

Log C (mol/L)

Figure 4 Dose-dependent relationship between HA doses and
rate of Hce-8693 cell apoptosis. Cells were incubated for 2 h
with 1×10-6 Mol/L, 1×10-5 Mol/L, 1×10-4 Mol/L, 1×10-3 Mol/L
HA photosensitizer respectively and then irradiated. Results
are means ± SD of three independent experiments.

Inhibitory effect of HB on the proliferation of Hce-8693 cells
by inducing apoptosis
In order to investigate the antiproliferative effect of HB, Hce8693 cells were incubated with different concentrations of HB
under dark conditions and subjected 2 hours to different
irradiation time (5, 6, 10 and 20 min respectively). The cells
were then further incubated for additional 2 hours in the dark
without photosensitizer and measured via FCM assay. The rates
of apoptosis induced by HB were shown in Table 5 and Figure
5. For each irradiation time, the data showed that there was
dose-dependent relationship between HB doses and rate of Hce8693 cell apoptosis. On the contrary, no large differences in
the antiproliferative effect of the photoactivated HB was found
between the different irradiation time.
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Inhibitory effect of EA, HA and HB on the proliferation of Hce8693 cells by inducing apoptosis
From the results of photodependent cytotoxicity studies in
R366.4 cell lines, it seemed that photoactivated EA had no
cytotoxic effects at 10-6 Mol/L and 10-5 Mol/L concentrations.
On the contrary, EA, HA and HB exhibited more of less
antiproliferative effects on human Hce-8693 cells at this range
of concentrations. Thus, the photodynamic effects of the
photosensitizers could be compared from the rate of apoptosis
(Table 6). The order of efficiency would be approximately
HA>EA>HB (Figure 6).
Table 6 Comparison of antiproliferative effects of EA, HA
and HB
Rate of apoptosis/%
Group

10 Mol/L

10-5 Mol/L

-6

HA
5 min

EA

0

6 min 32.0±5.64

HB

HA

EA

HB

0

0

47.2±8.79 32.7±7.56

0

0

39.1±6.41 19.3±4.16

0

0

45.2±8.40 26.4±4.89

20.0±4.21

10 min 40.2±6.23 13.4±3.25

0

20 min 22.6±3.39 40.5±8.58 13.7±3.02 56.6±3.86 52.7±11.82 13.9±2.87

Rate of apoptosis/%

488

Table 5 Hce-8693 cell apoptosis induced by photoactivated
HB (means ± SD, n=3)

45
40
35
30
25
20
15
10
5
0

5 min
6 min
10 min
20 min

HA

EA
10-6 mol/L

HB

Rate of apoptosis/%
10-6 Mol/L

10-5 Mol/L

10-4 Mol/L

10-3 Mol/L

Control

0

0

0

5 min

0

0

28.1±6.21b

64.8±11.78b

6 min

0

0

17.3±3.68b

32.0±7.57b

10 min

0

20.0±4.21

20.5±4.57

b

71.0±10.57b

20 min

13.7±3.02

b

29.4±6.56

13.9±2.87

19.1±4.06

b

b

80
70
60
50
40
30
20
10
0

-5

10 min

40

20 min

30
20
10
HA

EA
10-5 mol/L

HB

Figure 6 (a)-(b) illustrated the different antiproliferative effects
of photoactivated HA, EA and HB on human Hce-8693 cells.

5 min
6 min
10 min
20 min

-6

6 min

50

0

P<0.01, vs HB control.

Rate of apoptosis/%

b

b

b

0

5 min

60
Rate of apoptosis/%

Group

-4

-3

Log C (mol/L)

Figure 5 Dose-dependent relationship between HB doses and
rate of Hce-8693 cell apoptosis. Cells were incubated for 2 h
with 1×10-6 Mol/L, 1×10-5 Mol/L, 1×10-4 Mol/L, 1×10-3 Mol/L
HB photosensitizer respectively and then irradiated. Results
were means ± SD of three independent experiments.

DISCUSSION
Photodynamic therapy (PDT) is a medical treatment based on
the use of a sensitizer to promote photoinduced damage to
biological molecules including lipids, proteins and DNA[31,32].
It can be used to eradicate early localized tumours and for
palliation of more advanced disease when metastasis has
occurred. This treatment modality involves the use of light in
combination with a photosensitizing compound. Following
excitation of photosensitizers to long-lived excited singlet and/
or triplet states, the tumour is destroyed either by reactive
oxygen species (Type II mechanism) and/or by radical products
(Type I mechanism)[33-37].
Hypocrellins are efficient singlet oxygen generators during
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photochemical reactions and may also exert photosensitization
via radical mechanisms, which may confer a degree of
independence from classical oxygendependent photochemical
mechanisms. This feature is important in the context of
impaired radiosensitivity and chemosensitivity of hypoxic
human tumour cells. However, the precise mode of action of
these molecules at the cellular level is not clear and seems to
go far beyond Type I and Type II photoprocesses[38-42]. An
additional mechanism involving protons released in the excited
state and leading to cellular pH drop has also been proposed
for the related pigments hypocrellin and hypericin[43].
Apoptosis is a complex and programmed process which is
regulated by a variety of factors. Recently, it has been reported
that hypocrellins and their derivatives can photosensitize
apoptotic cell death[44,45]. However, the molecular mechanisms
of tumor cell apoptosis induction by Hypocrellin A and B are
poorly understood. The antiproliferative actions of hypocrellin
may be due, in part, to the ability of hypocrellin A to induce
reactive oxygen species (Type II mechanism)[46,47]. In addition,
hypocrellin A-mediated apoptosis is increased when antisense
bcl-2 retrovirus vector is transfected into human gastric
adenocarcinoma MGC803 cells[48]. And also, Ali et al. reported
that caspase-3 and hydrogen peroxide may play an important
role in HA and HB-induced apoptosis[49, 50].
According to the photochemical properties, the quantum
yields of EA, HA and HB are 0.94, 0.83, 0.76 respectively.
From the results of inhibitory effect of EA, HA and HB on the
proliferation of Hce-8693 cells, it seems that the order of
efficiency would be approximately HA>EA>HB. In this way,
the molecular mechanisms of Hce-8693 cell apoptosis
induction by EA, HA and HB may not be induced by reactive
oxygen species (Type II mechanism). It is also noteworthy
that photoactivated EA, HA and HB can selectively inhibit the
growth of human colorectal carcinoma cells but not rhesus
monkey embryonic stem R366.4 cells at lower concentrations.
Thus, the molecular mechanisms of apoptosis induced by
photoactivated EA, HA and HB are worth further investigation.
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Abstract
AIM: To investigate the expression and significance of PTEN,
hypoxia-inducible factor-1 alpha (HIF-1α), and targeting
gene VEGF during colorectal carciogenesis.
METHODS: Total 71 cases colorectal neoplasms (9 cases
of colorectal adenoma and 62 colorectal adenocarcinoma)
were formalin fixed and paraffin-embedded, and all
specimens were evaluated for PTEN mRNA, HIF-1α mRNA
and VEGF protein expression. PTEN mRNA, HIF-1α mRNA
were detected by in situ hybridization. VEGF protein was
identified by citrate-microwave SP immunohistochemical
method.
RESULTS: There were significant differences in PTEN, HIF1α and VEGF expression between colorectal adenomas and
colorectal adenocarcinoma (P<0.05). The level of PTEN
expression decreased as the pathologic stage increased.
Conversely, HIF-1α and VEGF expression increased with
the Dukes stage as follows: stage A (0.1029±0.0457:
0.1207± 0.0436), stage B (0.1656±0.0329: 0.1572±0.0514),
and stage C+D (0.2335±0.0748: 0.2219±0.0803). For PTEN
expression, there was a significant difference among Dukes
stage A, B, and C+D, and the level of PTEN expression
was found to be significant higher in Dukes stage A or B
than that of Dukes stage C or D. For HIF-1α expression,
there was a significant difference between Dukes stage A
and B, and the level of HIF-1α expression was found to be
significantly higher in Dukes stage C+D than that of Dukes
stage A or B. The VEGF expression had similar results as
HIF-1α expression. In colorectal adenocarcinoma,
decreased levels of PTEN were significantly associated with
increased expression of HIF-1α mRNA (r=-0.36, P<0.05)
and VEGF protein (r=-0.48, P<0.05) respectively. The levels
of HIF-1 were positively correlated with VEGF expression
(r=0.71, P<0.01).
CONCLUSION: Loss of PTEN expression and increased
levels of HIF-1α and VEGF may play an important role in
carcinogenesis and progression of colorectal
adenocarcinoma.

Jiang YA, Fan LF, Jiang CQ, Zhang YY, Luo HS, Tang ZJ, Xia D,
Wang M. Expression and significance of PTEN, hypoxia-inducible
factor-1 alpha in colorectal adenoma and adenocarcinoma.
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INTRODUCTION
So far, the mechanism of colorectal oncogenesis is not fully
understood. Recent studies[1-6] have reported on the association
of a tumor suppressor gene PTEN with the oncogeneses of
several type cancer and cancer cell lines and on PTEN playing
an important role in the tumor progression and metastases.
Moreover, hypoxia-inducible Factor-1 alpha (HIF-1α) is a
transcription factor identified as being activated by hypoxia,
and plays a central role in tumor angiogenesis[7-19]. Therefore,
this study was undertaken to investigate the expression and
relationship between PTEN and HIF-1α and VEGF in
colorectal carcinogenesis.
MATERIALS AND METHODS
Materials
The specimens of colorectal cancer were surgically obtained
from 71 patients at the Hospital of Wuhan University between
1996 and 1997, and 71 patients were catalogued by histological
subtypes as follows: 62 cases of colorectal adenocarcinoma
(17 cases in Dukes stage A, 18 stage B, 20 stage C and 7 stage
D) and 9 patients of colorectal adenoma (5 cases of tulubovillous adenoma, 2 tubular adenoma and 2 villous adenoma).
Antibodies and reagents
A rabbit VEGF polyclonal antibody was purchased from
Neomark International Corporation (Taipei, Taiwan), PTEN
m RNA, HI F-1 α mRNA in situ hy b r id izatio n an d
immunohistochemical repairase were purchased from Boster
Corporation ( Wuhan ,China), and S-P reagent was purchased
from Maixin Corporation (Fuzhou, China).
Immunohistochemical technique
Sections were dewaxed in xylene, taken thorough ethanol, and
then incubated with 3 % hydrogen peroxide to block
endogenous peroxidase activity. Sections then were repaired
by repairase for 10 minutes, and the procedure of
immunohistochemical determination was performed according
to the manufacturer’s instruction. A rabbit polyclonal antibody
was a dilution of 1:50.
In situ hybridization
Frozen sections were cut onto slides, briefly air-dried, and
stored at -80 . Prior to use they were fixed in 4 %
paraformaldehyde in PBS for 20 min, washed in PBS, and
treated with proteinase K (0.0005 %) in 0.1 M Tris/0.05 M
EDTA, pH 8.0 for 5 min at 37 . Slides were rinsed in 0.2 %
glycine in water, postfixed in 4 % paraformaldehyde/0.1 M
NaOH/0.1 M NaAc for 5 min, rinsed in 0.1 M triethanolamine
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(TEA), pH 8.0 for 3 min, acetylated for 10 min in 0.25 %
acetic anhydride/0.1 M TEA, pH 8.8, washed in 2×SSC, and
dehydrated. RNA probe was then hybridized to the sections at
60 for 16 hrs in 50 % formamide/10 % dextran sulfate/0.15
M NaCl/1×Denhardt’s solution/0.01 M Tris·Cl, pH 8.0/0.01 M
DTT with 0.5 mg/ml tRNA. Sections from each tumor were
always hybridized to sense probes as a control for specificity.
The slides were next rinsed in 4×SSC and incubated at 37 for
30 min with 0.1 mg/ml RNaseA in 0.5 M NaCl/0.01 M Tris·Cl,
pH 8.0/1 mM EDTA. They were then desalted, dehydrated
through graded ethanols, and coated with emulsion. Following
exposure at 4 for 5 days, emulsion was developed and fixed,
and sections were stained with hematoxylin and eosin. To analyse
image scanning, we obtained value of absorbance.

Statistical analysis
All results were expressed as the means ±SD. Statistical
analyses, including the Chi-square test and correlated Spearman
test, were carried out with the software package SPSS10.0. A
P value of <0.05 was considered statistically significant.
RESULTS
Characteristics of PTEN and HIF-1α expression in colorectal
adenoma and adenocarcinoma
PTEN mRNA and HIF-1α mRNA expression was brown
granular, and localized in cytoplasm of tumor cells (Figures 1,
2). HIF-1α mRNA expression was mainly localized in
cytoplasm of tumor cells, frequently observed in margin of
tumor necrotic zones. VEGF expression was mainly localized
in cytoplasm of tumor cells, also observed in endothelial cell
of blood vessel (Figure 3). Expression of PTEN mRNA, HIF1α mRNA and VEGF protein was detected in 7, 4 and 3 cases
of 9 colorectal adenomas respectively. PTEN mRNA
expression was significantly higher (P<0.05) in adenomas than
that in adenocarcinoma, but HIF-1α mRNA expression was
significantly lower (P<0.05) in adenomas than that in
adenocarcinoma. There was a significant difference (P<0.05)
in VEGF expression between colorectal adenomas and
adenocarcinoma.
Correlation between PENT, HIF-1α, VEGF expressions and
dukes stages of colorectal adenocarcinoma
Table 1 shows the correlation between PENT, HIF-1α,VEGF
expression and Dukes stages of colorectal adenocarcinoma.
For PTEN expression, there was a significant difference among
Dukes stage A, B, C and D, and the level of PTEN expression
was found to be significant higher in Dukes stage A or B than
that in Dukes stage C+D. For HIF-1α expression, there was a
significant difference between Dukes stage A and Dukes stage
B, and the level of HIF-1α expression was found to be
significantly higher in Dukes stage C+D than that in Dukes
stage A or B. VEGF expression had same results as HIF-1α
expression.
Table 1 Correlation between expressions of PENT, HIF-1α,
VEGF and Dukes stages of colorectal adenocarcinoma
Dukes stage n

PTEN(x±s)

HIF-1 (x±s)

VEGF(x±s)

A

17 0.1782±0.0271ab

0.1029±0.0457ac

0.1207±0.0436ac

B

18 0.1583±0.0397

0.1656±0.0329

0.1772±0.0514c

C+D

27 0.1470±0.0524

b

0.2335±0.0748

c

0.2219±0.0803

P<0.05, vs Dukes stage B; bP<0.05, vs Dukes stage C+D; cP<0.01,
vs Dukes stage C+D.
a

Figure 1 PTEN expression was observed in the cytoplasms of
rectal tubular adenoma. Immunostaining, S-P method. ×400.

Figure 2 HIF-1α expression was observed in rectal tubular
adenoma. Immunostaining, S-P method. ×400.

Figure 3 Sigmoid carcinoma shows infiltration into the deep
muscular layer, intermediated differentiation, in which VEGF
expression was observed. Immunostaining, S-P method. ×400.

Correlation between colorectal adenoma and adenocarcinoma
in PTEN, HIF-1α and VEGF expression
The Spearman analysis showed that the level of PTEN was
significantly associated with HIF-1α expression (r=-0.36,
P<0.05) and with VEGF protein expression (r=-0.68, P<0.
05) respectively. The level of HIF-1α was correlated with
VEGF expression (r=0.72, P<0.01).
DISCUSSION
PTEN (phosphatase and Tensin homologue deleted on
chromosome 10) or MMAC1 (mutated in multiple advanced
cancers 1) was recently reported to undergo frequent genetic
alterations, including mutations and deletions in multiple
advanced cancers[20-22]. PTEN located at chromosome 10q23.3

Jiang YA et al. PTEN, HIF-1 alpha and colorectal tumors

encodes a dual-specificity phosphatase that negatively regulates
the phosphoinositol- 3-kinase(PI3K)/Akt (protein kinase B)
pathway and mediates cell cycle arrest and apotosis[23]. PTEN
protein contains sequence motifs with significant homology
to the catalytic domain of protein phosphatases and to the
cytoskeletal protein, tensin, and auxilin[24]. PTEN mutations
and deletions were observed in a number of glioma, prostate,
kidney and breast carcinoma cell lines or tumor specimens[25-27].
Rencently, Shin et al [28] screened the PTEN gene in 32
colorectal cancers (8 cell lines and 24 tissues), displaying
microsatellite instability (MSI) and six frameshift mutations.
We observed that PTEN mRNA decreased as the pathological
stage increased, and was significantly associated with VEGF
protein expression (r=-0.68, P<0.05) in colorectal adenoma
and adenocarcinoma. These findings suggested that PTEN
alteration was possibly involved in the tumor progression and
formation of metastasis, and the roles of PTEN in tumor
progression and metastasis may be correlated with VEGF
expression. Hwang et al[29] observed that PTEN inhibited the
tumorigenicity of B16F10 melanoma cells, and their results
suggested that PTEN inhibited tumorigenicity and metastasis
through regulating VEGF expression. Jiang et al[30] found that
the overexpression of PTEN inhibited angiogenesis in chicken
embryos, and that the PTEN overexpression inhibited the
VEGF expression through the PI 3-kinase or Akt dependent
pathway. Our results also indicated that PTEN played an important
role by inhibiting VEGF expression in colorectal oncogenesis.
HIF-1 is a BHLH-PAS transcription factor that plays an
essential role in O2 homeostasis[31-34]. HIF-1 is a heterodimer
composed of HIF-1α and HIF-1β subunits[31]. HIF-1β (also
known as the aryl hydrocarbon receptor nuclear translocator)
is a common subunit of multiple BHLH-PAS proteins, whereas
HIF-1α is the unique, O2-regulated subunit that determines
HIF-1 activity[35,36]. HIF-1α activates the transcription of genes
encoding transferrin, VEGF, endothelin-1 and inducible nitric
oxide synthase, which are implicated in vasodilation,
neovascularization, and tumor metastasis[36,37]. Many studies
had identified that HIF-1α protein was overexpressed in
multiple types of human cancer including lung, prostate, breast,
and colon carcinomas, even in preneoplastic and premalignant
lesions[38-42]. More importantly, Birner et al[43] found that the
overexpression of HIF-1α is an important marker in
precancerous lesion such as early-stage cervical cancer, cervical
intra-epithelial neoplasia III, early stage lymph node-negative
breast cancer. We also found that the levels of HIF-1α mRNA
increased gradually as the pathologic stage increased, and were
statistically significantly associated with VEGF expression. The
same alterations were observed in other tumor tissues. Our
findings further identified that HIF-1α and VEGF played an
important role in the tumor angiogeneses and formations of
metastases. In this study, we found that HIF-1α mRNA and
VEGF were overexpressed in 4 and 3 cases of colorectal
adenomas respectively, and suggested that cell hypoxia
occurred prior to carciogenesis, and persisted to subsequent
progression. Generally, these data suggested that HIF-1α
overexpression may be an early stage of carciogenesis and it
occurred prior to angiogenesis or invasion which morphologically
confirmed. In this study, the expression of HIF-1α mRNA and
VEGF was significantly higher in the tissues of Dukes stage
C/D of colorectal adenocarcinoma than those in Dukes stage
A/B, indicating that HIF was involved in the tumor invasion
and formation of metastasis. Thus, we believe that the HIF-1α
mRNA and VEGF overexpression is a strong independent
prognostic marker in colorectal tumor.
That HIF-1 expression was activated and regulated by
EGFR, HER2, and IGFR through PI3K/Akt/ FRAP (FKBPrapamycin-associated protein) pathway had been identified,
and a tumor suppressor gene PTEN regulated the HIF-1α
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expression and transcription activation by inhibiting PI3K/Akt/
FRAP pathway[44,45]. The loss of wild-type PTEN resulted in
HIF-1α overexpression, and contributed to the formations of
tumor angiogeneses in human prostate cancer and glioma. Our
findings that the levels of HIF-1α were negatively correlated
with VEGF expression and the level of PTEN were positively
correlated with VEGF expression had further identified that
loss of PTEN expression and increased levels of HIF-1α and
VEGF may play an important role in carcinogenesis and
progression of colorectal carcinoma.
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Abstract
AIM: To treat patients with stage I-IV malignant tumors of
digestive tract using autologous tumor cell vaccine and NDV
(Newcastle disease virus) vaccine, and observe the survival
period and curative effect.
METHODS: 335 patients with malignant tumors of digestive
tract were treated with autologous tumor cell vaccine and
NDV vaccine. The autologous tumor cell vaccine received
were assigned for long-term survival observation. While these
failed to obtain the autologous tumor tissue were given with
NDV vaccine for a received short-term observation on curative
effect.
RESULTS: The colorectal cancer patients treated with
autologous tumor cell vaccine were divided into two groups:
the controlled group (subjected to resection alone) (n=257),
the vaccine group (subjected to both resection and
immunotherapy) (n=310). 25 patients treated with NDV
immunotherapy were all at stage IV without having resection.
In postoperation adjuvant therapy patients, the 5, 6 and 7year survival rates were 66.51 %, 60.52 %, 56.50 %
respectively; whereas in patients with resection alone, only
45.57 %, 44.76 % and 43.42 % respectively. The average
survival period was 5.13 years (resection alone group 4.15
years), the median survival period was over 7 years (resection
alone group 4.46 years). There were significant differences
between the two groups. The patients treated with resection
plus vaccine were measured delayed-type hypersensitivity
(DTH) reactions after vaccination, (indurative scope >5 mm).
The magnitude of DTH was related to the prognosis. The 5year survival rate was 80 % for those with indurations greater
than 5 mm, compared with 30 % for those with indurations
less than 5 mm. The 1-year survival rate was 96 % for 25
patients treated with NDV immunotherapy. The total effective
rate (CR+PR) was 24.00 % in NDV immunotherapy; complete
remission (CR) in 1 case (4.00 %), partial remission (PR) in
5 cases (20.00 %), stabilizedin in 16 cases (64.00 %),
progression (PD) in 1 case (4.00 %). After NDV vaccine
immunotherapy, the number of NK cell increased and
immune function imporved obviously.
CONCLUSION: The autologous tumor cell vaccine and NDV
vaccine can prolong the patients’ life. NDV vaccine is notably

effective for short-term with promotion of quality of life and
can be used whenever necessary with good prospects.
Liang W, Wang H, Sun TM, Yao WQ, Chen LL, Jin Y, Li CL,
Meng FJ. Application of autologous tumor cell vaccine and NDV
vaccine in treatment of tumors of digestive traet. World J
Gastroenterol 2003; 9(3): 495-498

http://www.wjgnet.com/1007-9327/9/495.htm

INTRODUCTION
Malignant tumors of digestive tract is common. It is difficult
to improve the survival rate only by resection plus radiotherapy
and chemotherapy. This study reported 335 patients treated
with autologous tumor cell vaccine and NDV vaccine. 310 of
335 patients with colorected cancer of stages I-IV received
autologous tumor cell vaccine postoperatively and the
controlled group (resection alone) constituted 257 patients. The
duration of follow-up was 7 years. There were statistically
significant differences in the survival rate, the median survival
period and the mean survival period between the two groups
and the controlled group. The 1-year survival rate was 96 %
for 25 late cancer patients treated with NDV vaccine. This
study provided a basis for the clinical application of autologous
tumor cell vaccine and NDV vaccine[1,2,5,6,24,25,26,30].
MATERIALS AND METHODS
Clinical data
Those receiving autologous tumor cell vaccine is consisted of
567 patients with colorectal cancer in 1993-1995 with a further
follow-up of 7-year. 25 patients with late cancer were given
NDV vaccine from June, 2001 to June, 2002: 15 men, 10
women; 41 to 83-year-old, mean age 62.3 years,they were all
at stage IV patients and were followed up for 1-year. 310
postoperative patients treated with autologous tumor cell
vaccine consisted of 204 men and 106 women range from 19
to 79 years, mean age 55.8 years: 136 patients having Miles
operation, 98 colonic operation, including 74 anterior resection
and 2 partial resection. The resection alone group (controlled
group) consisted of 257 patients: 155 men, 102 women; age
ranged 18 to 77 years of age, mean age 55.1 years; among
these,120 patients had Miles operation, 78 colonic operation,
59 anterior resection. The DTH reactions were observed in 20
patients treated with immunotherapy after resections. Among
these 20 all were stage II, III colorectal cancer among them
10 were male and 10 female age ranged 35 to 65 years, mean
age 52.7 years. The follow-up results were shown in Table 1,
2 and 4. The TNF stages were shown in Table 3.
Preparation of autologous tumor cell vaccine
Material and reagent Tumor tissue speciacus (φ 1 cm),
elemene for injection (Da Lian Jin Gang Pharmaceutical
Factory), mitomycin C, 25 % glutaraldehyde (E merk), RPMI
1640 complete culture media.
Method The tumor tissure obtained under sterile conditions
was placed in a sterile container and sent to the lab in two
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hours. Prepare the suspended tumor cell solution by routine
methods. Then add mitomycin C and elemene 0.3 mg/ml.
placed in 37
incubator (0.5 h). heated at 42
for 30 min.
centrifuged, washed, and fixed in 0.0625 % glutaraldehyde
(10 min). After washing out the fixation solution, the sterile
suspended autologous tumor cell solution ( 107/ml) was then
prepared for use.
Immune procedure First Vaccination: The Patients treated
received first vaccination a week after surgical resection, once
a week for four weeks.
Intensive immunotherapy: Began at 1 to 2 months intervals
after the first vaccination.
Method of injection: The vaccine was injected in three adjacent
sites each 3-5 an apact on the arterior arm or deltoid region.
one 0.2 mlintradermically and two 0.4 ml hypodamically. DTH
test: Prior to the vaccination and two weeks after vaccination,
skin test was performed. For the controlls distilled water was
used. DTH reaction was concided position when the indenation
was at 72 hours >5 mm (+) , 6-10 mm (++).
Table 1 Follow-up results of survival status for colorectal cancer patients with resection plus autelogous tumor cell vaccine
from 1993 to 2000
Year

Survival period

n

0

1

2

3

4

5

6

7

35
90
98

31
85
93

31
75

29

223 209

106

1993-2000
1994-2000
1995-2000

50
133
127

50
133
127

50
125
126

44
104
116

39
94
106

Total

310

310

301

264

239

n

1993-2000
1994-2000
1995-2000
Total

Survival period
0

1

2

3

4

5

6

7

73
94
90

73
94
90

71
85
84

60
68
69

54
56
57

41
47
50

35
43
47

34
43

33

257

257

240

197

167

138 125

77

33

n

TNF stages
I

II

III

IV

Resection
plus vaccine

310 46(14.8%) 121(39%) 80(25.8%) 63(20.3%)

Resection alone

257 55(21.4%)

Total

567

101

94(36.6%) 66(25.7%) 42(16.3%)
215

146

Immune procedure
Injected 1-2 ml in three sites intradermally at deltoid muscle
region, once every three days. Three times constituted one
course, and the injections also could be given continually.
Immune function assay
Prior to and after the immunotherapy, assayed the NK, CD3+,
CD4+, CD8+, CD4+/CD8+ by flow cytometry.
RESULTS

a

Table 3 TNF staging in colorectal cancer patients with resection plus vaccine group and resection alone group
Treatment

chorioallantoic cavity in sterile conditions, sealed it with wax,
and obtained the virus after 72 hours in 37 incubator. Before
getting the virus, placed the chick embryo overnight at 4
refrigerator. Then removed the eggshell in air champer, opened
the egg membrance and aspirated the chorioallantoic fluid
containing virus by sterile technique. The fluid was centrifuged
for 30 minutes at low speed (2 800 r/min, 800 g) to get rid of
the sediment. The supernatants of NDV was centrifuged 60
minutes at low temperature and high speed (4 , 30 000 r/
min, 90 000 g) and the viruses were precipitated. Resuspended
the virus sediment by pH7.2, 0.1 mol/L PBS, assayed the
hemagglutinin unit (Hu) of NDV by 0.5 % fresh chick
erythrocyte suspended solution and then diluted to 1:1 280
Hu/ml. The solution was packed into ampoules separately and
stored at -20 . Unfreeze it before using.

Table 4 Comparison of yearly survival rates of resected colorectal
cancer patients in vaccination group and controll group

Table 2 Follow-up results of survival status for colorectal cancer patients with resection alone from 1993 to 2000
Year
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Statistical analysis
Using SPSS computer program, analyses were performed by
t-test for the mean value between the two groups by life table
and logrank test for survival rate, by graphical method and
linear inner insert method for the median survival period and
by Kaplan-Meier method for the mean survival period.
Preparation of NDV vaccine
Primary fluid of NDV La Sota IV weak toxicant stem was
vaccinated in chick embryo chorioallantoic cavity. SPF
fertilized egg was placed in the 37
incubator. On day 10,
injecting 0.2 ml NDV diluted with 0.5 % LH into the

Treatment
method

n

Vaccination group
Controll
group

310

a

1

257

Yearly survival rates (%±sx)

2

3

4

5

6

97.05 84.35 76.42 71.12 66.51 60.52
±0.97 ±2.10 ±3.23 ±3.43 ±3.84 ±4.57
93.16 74.83 62.50 50.58 45.57 44.76
±1.60 ±2.51 ±2.06 ±1.99 ±1.32 ±0.81

7
56.50
±6.52
43.42
±1.32

Life table χ2 test P<0.005 of the two groups.

By life table method, the 7-year survival rate of the
vaccination group was 56.5 % and the median survival period
was approximately 50 %. Hence by graphical method the
median survival period was over 7 years, whereas by linear
inner insert method, the median survival period of the controll
group was 4.46 years. The average survival period of
vaccination group was 5.13±0.60 years where that of the
controlled group 4.15±0.60 years (Table 5).
Table 5 Comparison of median survival period, mean survival period of resected colorectal cancer patients of vaccination group and controlled group
Treatment method

n

Median survival
period (year)

Resection plus
310
vaccination group
Resection alone group 257
b

Mean survival
period (year)

>7a

5.13±0.60b

4.46

4.15±0.60

P<0.01 vs resection alone group.

The positive rate of DTH reactions in resection plus vaccine
group was over 90 % whereas in resection alone group all
negative. Most active immunotherapy for patients succeeded
(Table 6). The remission rate of late digestive tract carcinoma
treated with NDV vaccine (Table 7,9). The charge of immune
function pre- and post-NDV vaccine therapy (Table 8).

Liang W et al. Vaccine in treatment in malignant tumors of digestive traet
Table 6 Comparison of fve-year survival rate, survival period
of resected colorectal cancer patients in vaccination group with
positive and negative DTH reaction
DTH reactions

n

Positive group
Negative group

10
10

5-year
Survival
survival cases
rateb
8
3

a
Survival
period (x±s)

80 %
30 %

4.7±0.67
3.5±1.80

χ2 test aP<0.05, bP<0.0 1 vs negative group.
Table 7 The remission rate of late cancer of digestive tract
carcinoma treated with NDV vaccine
Types of disease

n

CR(%)

PR(%)

SD(%)

PD(%) CR+PR(%)

Colorectal cancer 13

1

3

8

0

4

Stomach cancer

0

0

5

0

0

6

Liver caner

4

0

2

1

0

2

Pancreatic
head cancer

1

0

0

1

1

0

Gall bladder
cancer
Total

1

0

0

1

0

0

25 1(4.00%) 5(20.00%) 16(64.00%) 1(4.00%) 6(24.00%)

Table 8 Immunobgice function prior to and after NDV vaccination therapy
Item

n

NK

10

24.65±7.21

36.58±11.87

<0.05

CD3+

10

67.15±2.43

71.12±2.86

<0.01

CD4+

10

38.23±3.01

41.62±2.71

<0.01

CD

10

30.55±1.21

29.84±2.43

>0.05

10

1.23±0.12

1.41±0.13

<0.05

+
8

CD4+/CD8+

Before therapy(x±s) After therapy (x±s)

P

Table 9 Comparison of treatment courses and therapeutic effect of colorectal cancer patients with NDV immunotherapy
Group

n

CR

PR

SD

PD

CR+PR

1 Course

6

0

0

5

1

0

>2 Courses

7

1

3

3

0

4

χ2=10, P<0.01.

DISCUSSION
The major treatments of malignant tumors of digestive tract
malignant tumor postoperatively are radiotherapy and
chemotherapy. However, it is very difficult to improve the 5year survival rate. We treated these patients with autologous
tumor cell vaccine and NDV vaccine and made a 7-year followup survey of postoperative patients with autologous tumor cell
vaccine. The 5, 6, 7-year survival rate are 66.51 %, 60.52 %.
56.50 %, respectively, whereas they were only 45.57 %,
44.76 % and 43.42 % respectively in resection plus
radiotherapy or chemotherapy group. The survival rate
increased by 20.94 %, 15.76 %, 13.08 %. The increase of
amplitude arrived at 46.00 %, 35.20 % and 30.12 %
respectively. This indicated autologous tumor cell vaccine
could really increase the long-term survival rate of colorectal
cancer patients[7,9,10].
The median survival period increased more obviousely: for
over 7-year in vaccination group but only 4.46 years in
resection alone group, it increased by over 2.5 years. The
amplitude of increase was 57 %. The mean survival period
was 5.13 years in vaccination group yet only 4.15 years in
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resection alone group, an increase of 1 year in average.
The DTH reaction in postoperative colorectal cancer
patients showed positive reaction two weeks after the
immunotherapy in over 90 %, but negative before therapy.
The 5-year survival rate was 80 % in the positive response
group, and the 30 % in negative response group, the difference
was significant. It demonstrated that active specific
immunotherapy by autologous tumor cell vaccine could yield
positive DTH reaction in resected colorectal cancer patients.
The 5-year survival rate increased obviously as a result of
augmented antitumor immunity after immunotherapy[2,3,7]. We
conclude that most of the patients who are treated with active
specific immunization lead to a specific antitumor effect. Our
vaccine is effective in prevention of tumor progression. The
protection achieved can be augmented by serial vaccinations
and can be maintained for a long period of time [4-20] .
With booming of biotherapy lately, more attention have
been paid to NDV vaccine. Many reports from abroad showed
some effectiveness of NDV in malignant tumor of digestive
tract and malignant melanoma[21-23, 27-29] with few adverse
effects. After transfection NDV, immune response could be
induced with production of cytokines and trigguing of active
tumor vaccine reaction. In the 1950s, people tried to treat
malignant tumor with virus and discovered that much virus
had greater killing effect on tumor cells than on normal cells.
For example, NDV-73-T could infect all kinds of human tumor
cells, with intracellular replication, elicit cell fusion and
multinuclear body, and the tumor cells die eventually. NDV
had selective killing effect on tumor cells, but not the normal
cells. Despite there were many reports about the antitumor
effect of NDV[27-36], yet long-term observation on the use of
NDV was scarce, especially about its side effects. The NDV
vaccine given to 25 patients in our study were 2-6 courses,
some of them 8 courses. The duration of continuous injection
was over 3 months, no significant side effects were found. We
compared the effectiveness of one course and two course in
13 colorectal cancer patients. See Table 9, the curative effect
of the latter was superior to that of the former. A few patients
had flu-like symptoms, such as fatigue, lowgrade-fever,
soreness of joints. which disappeared in 1-2 days. Now we
had treated 80 patients bearing all kinds of late malignant tumor
with NDV vaccine. We found that the curative effects on
urinary bladder cancer and colorecal cancer were notable. Take
for instance, one bladder cancer patient developed a 2.0×2.0
cm tumor in the right wall of his bladder, having hematuria
and 2.5×2.7 cm hypodermic metastatic nodule over his left
thigh. After four courses of NDV immunotherapy, the mass in
the bladder wall and the metastate nodule over his left thigh
regressed, hematuria also ceased. One colon cancer patient
had a 3.0×3.5 cm cauliflower-like tumor on the left wall of the
rectum, about 4 cm away from the anus,having hematochezia.
After four courses of NDV vaccine, the mass in the recturn
regressed and hematochezia ceased. Another patient with
primary liver cancer, measuring 5.5×7.2 cm before the NDV
therapy, after three courses, the mass decreased somewhat to
5.5×5.3 cm and the backache ameliorated. NDV injection can
remit patients in a late gastric cancer impending to death with
extensive peritoneal and pelvic metastasis, anuria, comatous
and mantained his life only by intravenous nutrients and renal
dialysis. After 12 days of large doses of NDV vaccination, the
patient became conscious and could urinate by himself, with
stoppage of dialysis, and could eat a little, the survival period
prolonged to 30 days. As from Table 8, we could see that NDV
could improve the immune functions by activing the
lymphocytes. The preliminary use of NDV showed a new
thapeutic approach to the treatment of on late malignant tumors,
especially for those who were inable to obtain the autologous
tumor tissue. After NDV vaccination, the curative efficancy
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occures rapidly and long-term observation is undertaking.
From this study we can expect that the NDV vaccine has a
good prospect.
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Abstract
AIM: To characterize the genome of an wild-type HAV isolate
(DL3) in China.
METHODS: A stool specimen was collected from hepatitis A
patient from Dalian, China. HAV (DL3) was isolated and viral
RNA was extracted. The genome of DL3 was amplified by
reverse transcription and polymerase chain reaction (RT-PCR),
followed by cloning into pGEM-T vector. The positive colonies
were selected and sequenced. The full-length genome of DL3
was analyzed and compared with other wild-type HAV isolates.
RESULTS: The genome of DL3 was 7 476 nucleotides (nt)
in size, containing 732-nt 5’untranslated region (UTR), 6 681nt open reading frame (ORF) which encoded a polyprotein of
2 227 amino acids (aa), and 63-nt 3’UTR. The base composition
was 28.96 % A (2 165), 16.08 % C (1 202), 22.11 % G(1 653)
and 32.85% U (2 456). Genomic comparisons with wildtype HAV isolates revealed that DL3 had the highest identity
of 97.5 % for nt (185 differences) with AH1, the lowest
identity of 85.7 % (1 066 differences) with SLF88. The
highest identity of 99.2 % for amino acid (18 differences)
appeared among DL3, AH2 and FH3, and the lowest identity
of 96.8 % (72 differences) between DL3 and SLF88. Based
upon comparisons of the VP1/2A junction and the VP1 amino
terminus, DL3 was classified as subgenotype IA. Phylogenetic
analysis showed that DL3 was closest to the isolates in Japan.
CONCLUSION: The sequence comparison and phylogenetic
analysis revealed that DL3 is most similar to the isolates in
Japan, suggesting the epidemiological link of hepatitis A
happened in China and Japan.
Liu GD, Hu NZ, Hu YZ. Full-length genome of wild-type hepatitis
A virus (DL3) isolated in China. World J Gastroenterol 2003; 9
(3): 499-504
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INTRODUCTION
Hepatitis A virus (HAV) is an important human pathogen
causing hepatitis, with a higher incidence in developing
countries than that in developed countries. Direct person-toperson spread by the fecal/oral route is the most important
means of transmission of hepatitis A, and infection with HAV

can cause sporadic and epidemic acute hepatitis in humans[1, 2].
Although improvements in sanitation have led to a significant
reduction in the endemicity of hepatitis A virus infection,
hepatitis A is still the most common viral hepatitis infection
and a cause of substantial morbidity in China.
HAV is classified as one of two members of the genus
Hepatovirus within the family Picornaviridae[3, 4]. HAV virion
is a naked, spherical particle with a diameter of 27-32 nm. The
virion consists of a genome of a linear, single-stranded, 7.5kb positive-sense RNA and of a protein shell made up of three
major proteins, VP1-VP3[1, 5]. The genome can be divided into
a long 5’ terminal untranslated region (5’UTR) of about 735
nucleotides, a large open reading frame encoding a polyprotein
of 2 227 amino acids, a short 3’ UTR with a polyA tail. The
HAV polyprotein is co- and posttranslationally cleaved into
smaller structural proteins (VP1, VP2, VP3 and a putative VP4)
and nonstructural proteins (2A, 2B, 2C, 3A, 3B, 3C and 3D)
by the virus-encoding proteinase[6].
Human isolates of HAV possess a single serotype, and
monoclonal antibodies raised to various isolates of human HAV
have failed to distinguish between individual isolates. However,
the nucleotide sequencing of selected genome regions that
encode the putative VP1/2A junction region of wild-type HAV
isolates present in human specimens has demonstrated
significant sequence heterogeneity[7]. Using this approach,
HAV isolates could be differentiated into seven unique
genotypes based upon the sequence of the VP1/2A junction
region. A genotype is defined as a group of viruses that differed
from each other by no more than 15 %, and a subgenotype as
a group of viruses with >92.5 % nucleotide sequence identity[7].
Until now, complete nucleotide sequences of eleven different
human wild-type HAV isolates and partial nucleotide sequences
of wild-type isolates or cell-adaptative variants of HAV have
been reported[8-19]. These isolates were isolated from hepatitis A
epidemic of diverse geographic origin, including partial sequence
of the isolates from fulminant hepatitis A in Shanghai in 1988[7].
But the complete nucleotide sequence of genome of the isolate
from China remains unknown. In order to elucidate the genetic
characteristics and molecular epidemiology and evolution of
wild-type HAV in China, we determined the complete nucleotide
sequence of genome of an acute HAV isolate (DL3) from Dalian,
and compared the complete genome sequences and deduced
amino acid sequence of isolate DL3 with those of other eleven
wild-type HAV isolates. There are significant differences and
identities among the twelve independent isolates.

MATERIALS AND METHODS
Virus sample
Wild-type human HAV isolate DL3 was recovered from stool
specimens stored at -70 from an patient with acute hepatitis
A, infected during an outbreak at Dalian, Liaoning Province,
and was named as DL3. HAV contained in stool were identified
by ELISA, immune precipitation and immune electron
microscopy. The concentrated and purified HAV for RT-PCR
were prepared by chloroform extraction for three times from
10 % of stool supernatant, followed by discontinuous sucrose/
glycerol density gradient ultracentrifugation[20].
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cDNA synthesis and cloning
Antigen-capture RT-PCR was used to prepare cDNA of DL3
genome[21], with some modifications. Sterile 0.5-ml conical tube
(Eppendorf) was coated with 100 µl of human anti-HAV IgG
diluted 1:1 000 in 50 mM sodium carbonate buffer (pH 9.6).
After 4 h of incubation at 37 , the unbound IgG was removed,
and 150 µl of 1 % bovine serum albumin (Sigma) diluted in
the buffer was added. After 1 h at 37 , the tube was washed
three times with 300 µl of PBS (pH 7.4) containing 0.05 %
Tween 80. Purified HAV (100 µl) was added, and the
preparation was incubated overnight at 4 . The tube was
washed six times with 500 µl of a 40 mM Tris (pH 8.4) -40
mM KCL-7 mM MgCl2 solution. Then 100 µl of water was
added and tube was heated to 95
for 5 min to disrupt
captured viruses and melt any secondary structures within the
viral RNA. The first strand cDNA was synthesized using
Superscript™ First-Strand Synthesis System for RT-PCR kit
(Gibco, Life Technologies), following the instruction by
manufacturer. Oligo (dT)18 was used as primer. The partial
sequencing showed that subgenotype of isolate from Shanghai
in 1988 was IA [7], the oligonucleotide primers (Table 1)
corresponding to the nucleotide sequence of wild-type HAV
isolate GBM [16] were designed to produce subgenomic
overlapping HAV fragments with an average length of about
1 000bp which cover the entire HAV genome. The clones of
different fragments were performed by PCR in a mixture (50 µl)
including 5 µl 10×LA PCR buffer, 8 µl 2.5mM dNTPs, 2 µl
template of RT-PCR products, 300 nM positive-sense primer,
300 nM negative-sense primer and 2.5U Taq DNA polymerase
(TaKaRa). The reaction mixture was subjected to 95
for 5
min, then 30 automated cycles of denaturation at 95 for 30
sec, annealing at 50 for 30 sec, and extention at 72 for 1
min or 1 min 30 sec. After the PCR products were recovered
and purified, the fragments were ligated into pGEM®-T Vector
(Promega). The resulting products were transformed into
competent E. coli. DH5α cells. Three ampicillin-resistant clones
were picked out for each fragment. The size of inserts in positive
clones was estimated with restriction enzyme site at either side
of the inserted fragment. Rapid plasmid preparations were made
with the Wizard plasmid purification kit (Promega).
Table 1 The primers used for amplification of DL3 genomic RNA
Clones

Primers

A (0.8kb)

5’RACE RT-primer

B (0.5kb)
C (1.1kb)
D (1.0kb)
E (1.1kb)
F (1.2kb)
G (1.2kb)
H (1.1kb)
I (o.5kb)

Sequences
5-(P)GCAGAATGAATC-3

5’RACE A1

5-AGTCCGTTGATAGGACTGAG-3

5’RACE S1

5-TGTTCTTCCTCAATATCTGCC-3

5’RACE A2

5-TTCTAAGAAGACTCAGGGGG-3

5’RACE S2

5-CTGGAAAATTCCTTGTTTGGCC-3

B1

5-GCTGAGGTACTCAGGGGC-3

B2

5-AGGATAAACAGTCAAGGATGC-3

C1

5-ACATATGCAAGATTTGGCATTG-3

C2

5-ATCCATAGCATGATAAAGAGG-3

D1

5-CCTGGATTTCTGACACTCC-3

D2

5-CAGTGGATAACATGGCATTTG-3

E1

5-TCTGTCACAGAACAATCAGAG-3

E2

5-AATCCCTGAACAAATGTCTCC-3

F1

5-TCCAGAATGATGGAGCTGAG-3

F2

5-CTTCGACAAGCACTCCAAG-3

G1

5-AGTTCCTTAGTAATGACAGTTG-3

G2

5-GCCATTGGATCAATCTCAGC-3

H1

5-AAGTGGAATTTTCTCAGTGTTC-3

H2

5-GTCCAATCAAGTCAAGATTATC-3

I1

5-GATTCTCTGTTATGGAGATG-3

I2

5-TTTTTTTTTTTTTTTTTTTTTATTT-3
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DNA sequencing and analysis
Sequencing strategy of genome of DL3 was showed in Figure
1. Oligonucleotide primers specific for HAV and primers
corresponding to the T7/SP6 promoter region of pGEM®-T
Vector were used to sequence the inserted and identified HAV
fragment. A Taq DyeDeoxy Terminator Cycle sequencing kit
and a 377 DNA sequencer (Perkin Elmer) were used to determine
nucleotide sequences. To eliminate the possibility of errors in
the sequence due to Taq polymerase for PCR, at least three clones
of each amplified fragment, derived from two individual PCR
products, were sequenced. Also to correctly determine the
sequence of extreme 5’ terminus of HAV genome, a 5’RACE
reaction[22] was used to obtain the a cDNA fragment from 5’UTR
of genome with 5’-Full RACE Core Set (TaKaRa). Analysis,
alignment and translation in the amino acids of the obtained
nucleotide sequences were done using the sequence analysis
program OMEGA2.0 (Oxford Molecular).
1
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3
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5

6

7 7.5

A
B
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D
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F

G
H

I

Figure 1 Sequencing strategy of genome of DL3.

Phylogenetic analysis
Multiple alignments of genome sequences of twelve HAV
isolates were done using the Clustal W Program [23] .
Phylogenetic tree was calculated from genomes to determine
the association of DL3 with other eleven wild-type HAV
isolates with Vector NTI Suite6.0 software using the Neighbor
Joining method[24].
Reference isolates
The accession numbers of the sequences included in the
analysis were as follows: LA, K02990; HM175, M14707;
MBB, M20273; GBM, X75215; AH1: AB020564; AH2:
AB020564 AB020565; AH3: AB020564 AB020566; FH1:
AB020567; FH2: AB020568; FH3: AB020569; SLF88,
AY032861.
RESULTS
Complete nucleotide sequence of DL3 genome and deduced
amino acids
The Complete nucleotide sequence of DL3 has been deposited
into GenBank under the accession no. AF512536.
The genome was 7 476-nucleotide long and encoded a
polyprotein of 2 227 amino acids. The genome contained a
5’UTR of 732 nucleotides that was two nucleotides shorter
than that of HAV HM175/WT. The long open reading frame
coding for polyprotein was started at base 733 by codon AUG
and terminated at base 7 416 by codon UGA followed by a
second stop codon (UAA) 7 nucleotides downstream. The
3’UTR consisted of 63 nucleotides. The base composition was
28.96 % A (2165) , 16.08 % C (1 202), 22.11 % G (1 653) and
32.85 % U (2 456). The G+C content is 38.19 %.
The 5’UTR contained three main pyrimidine-rich tracts.
The first region, near the 5’ terminus (nucleotide99-138), had
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a 92.3 % pyrimidine content. The second region (nucleotide
204-250) had a 83 % pyrimidine content. The third tract
(nucleotide711-725) with a 93.9 % pyrimidine content lay
immediately before the initiation codon. The 5’UTR had a G+C
content of 46.29 % which is higher than that of the genome.

Comparisons with other isolates
The complete nucleotide sequence and deduced amino acid

sequences of HAV DL3 have been compared with those of
reported wild-type isolates (Table 2, Table3). DL3 had the
highest identity of 97.5 % for nt (185 differences) with AH1,
but the highest identity of 99.2 % for amino acid (18 differences)
with AH2 and FH3. DL3 shared the lowest identities of 85.7 %
for nucleotide (1 066 differences) and 96.8 % for amino acid
(72 differences) with SLF88. Most of the changes were
nucleotide transitions.

Table 2 Nucleotide identities of full-length genomes between DL3 and reference isolates
Numbers of nucleotide differences/identity
AH1

AH2

AH3

FH1

FH2

FH3

GBM

LA

MBB

SLF88

185/97.5

263/96.5

307/95.9

282/96.2

200/97.3

199/97.3

323/95.7

344/95.4

642/91.4

659/91.2

1066/85.7

15/98.0

29/96.0

25/96.6

16/97.8

13/98.2

13/98.2

18/97.4

14/98.1

38/94.8

50/93.1

84/88.5

VP4

1/98.6

2/97.1

4/94.2

2/97.1

2/97.1

2/97.1

3/95.7

2/97.1

7/89.9

7/89.9

8/88.4

VP2

15/97.7

25/96.2

28/95.8

24/96.4

18/97.3

24/96.4

39/94.1

28/95.8

58/91.3

58/91.3

98/85.3

VP3

15/98.0

25/96.6

28/96.2

27/96.3

13/98.2

23/96.9

35/95.3

40/94.6

67/90.9

63/91.5

114/84.6

VP1

23/97.2

27/96.7

25/97.0

23/97.2

22/97.3

13/98.4

30/96.4

44/94.6

76/90.8

78/90.5

124/84.9

2A

5/97.7

10/95.3

11/94.8

9/95.8

3/98.6

9/95.8

9/95.8

12/94.4

17/92.0

14/93.4

27/87.3

2B

13/98.3

26/96.5

29/96.1

46/93.9

18/97.6

28/96.3

33/95.6

37/95.1

75/90.0

73/90.3

99/86.9

2C

30/97.0

42/95.8

42/95.8

44/95.6

35/96.5

35/96.5

52/94.8

55/94.5

114/88.7

120/88.1

152/84.9

3A

1/99.5

4/98.2

4/98.2

9/95.9

4/98.2

3/98.6

13/94.1

8/96.4

14/93.7

18/91.9

23/89.6

3B

1/98.6

1/98.6

2/97.1

3/95.7

3/95.7

0

2/97.1

3/95.7

6/91.3

7/89.9

12/82.6

3C

14/97.9

20/97.0

24/96.3

25/96.2

16/97.6

21/96.8

30/95.4

27/95.9

56/91.5

50/92.4

98/85.1

3D

51/96.5

51/96.5

84/94.3

53/96.4

52/96.5

27/98.2

57/96.1

64/95.6

113/92.3

114/92.2

209/85.8

1/98.4

1/98.4

1/98.4

1/98.4

1/98.4

1/98.4

2/96.8

10/84.4

1/98.4

7/88.9

18/71.4

HM175

MBB

SLF88

Full
5’NTR

3’NTR

HM175

Table 3 Amino acid identities of full-length genomes between DL3 and reference isolates
Numbers of amino acid differences/identity
AH1

AH2

AH3

FH1

FH2

FH3

GBM

LA

Full

21/99.1

18/99.2

36/98.4

28/98.7

21/99.1

18/99.2

36/98.4

34/98.5

35/98.4

49/97.8

72/96.8

VP4

1/95.7

1/95.7

1/95.7

1/95.7

1/95.7

1/95.7

1/95.7

1/95.7

1/95.7

1/95.7

2/91.3

1/99.5

0

2/99.1

2/99.1

1/99.5

VP2
VP3
VP1

0
1/99.6
0

0
1/99.6
0

0

1/99.5

1/99.6

2/99.2

0

1/99.6

0
1/99.6
0

0
1/99.6

1/99.6

1/99.6

2/99.2

2/99.2

4/98.4

1/99.6

2/99.3

13/95.3

1/99.6

2/99.3

2/99.3

1/98.6

2/97.2

1/98.6

2A

1/98.6

1/98.6

1/98.6

1/98.6

1/98.6

2B

2/99.2

2/99.2

3/98.8

5/98.0

5/98.0

5/98.0

3/98.8

4/98.4

4/98.4

6/97.6

6/97.6

2C

6/98.2

5/98.5

4/98.8

6/98.2

5/98.5

4/98.8

7/97.9

5/98.5

11/96.7

17/94.9

14/95.8

1/98.6

1/98.6

1/98.6

1/98.6

1 /98.6

3/95.9

1/98.6

3A

0

3B

0

0

0

0

0

1/98.6

0

0

5/93.2

0

0

1/95.7

0

0

0

0

0

3C

2/99.1

2/99.1

3/98.6

2/99.1

2/99.1

2/99.1

3/98.6

2/99.1

2/99.1

2/99.1

8/96.3

3D

8/98.4

5/99.0

22/95.5

8/98.4

6/98.8

4/99.2

11/97.8

7/98.6

10/98.0

12/97.5

33/93.3
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5’ Untranslated region
The 5’UTR of HAV forms conserved and highly ordered
secondary structure and plays an important role in controlling
viral translation[25, 26]. Comparisons with eleven other isolates
in 5’UTR showed that DL3 shared the lowest identity of 88.5 %
(84 nucleotide changes) with SLF88, the highest identity of
98.2 % (13 nucleotide changes) with FH2 and FH3. There were
a G deletion at position 28 and a T deletion at position 102
compared with HM175 and MBB. In contrast to the comparison
with complete nucleotide sequence, identities of 5’UTR for
DL3 with other isolates were higher than that of complete
genomes except the identity with AH2, which suggested that
the 5’UTR of HAV was conserved. In contrast to ribosomes
scanning from the capped 5’ ends of the majority of cellular
mRNA, the long and highly structured 5’UTR of HAV
mediated the binding of ribosomal subunits internally at
internal ribosome entry site (IRES) of nucleotide 324 to
nucleotide 692 (base position was corresponding to HM175/
WT) that directed cap-independent initiation of viral translation
at correct AUG codon[25, 26]. In this region DL3 shared higher
identities of 97.9 %, 98.4 %, 99.2 %, 98.6 %, 98.6 %, 95.9 %,
95.4 % and 94.9 % with AH2, FH1, FH2, FH3, LA, HM175,
MBB and SLF88 than that in whole 5’UTR. But DL3 was
identical to SLF88 between nucleotide 223 to nucleotide 371
(base position is corresponding to HM175/WT). The result
suggested higher conservative and importance of common
secondary structure of IRES in initiation of viral translation.
Coding region
The open reading frame of HAV RNA encoding a large
polyprotein with 2 227 amino acids was divided into P1, P2
and P3 region. The P1 region encodes structural or capsid
proteins, VP4, VP2, VP3 and VP1. The P2 and P3 region
encoded nonstructural proteins, 2A, 2B, and 2C, and 3A, 3B,
3C and 3D, respectively. In coding region, the amino acid
differences for the structural and nonstructural proteins of
twelve isolates are showed in Table 3. In contrast to the high
heterogeneous of nucleotide sequences, the amino acid
sequences were highly conserved among twelve wild-type
isolates. Comparisons within the coding region (6 681
nucleotides) of DL3 and SLF88 yielded 964 nucleotide changes
(14.4 % difference), resulting in only 72 amino acid
substitutions (3.2 % difference). In comparison with eleven
isolates, DL3 had the highest identity (99.2 %) of amino acids
with AH2 and FH3, lowest identity (96.8 %) with SLF88.
P1 region, the structural protein region of HAV, consisted
of 2 295 nucleotides and encodes 765-amino acid polypeptide
which was processed into four structural proteins, VP4, VP2,
VP3 and VP1. The capsid protein of HAV consisted of VP1,
VP2 and VP3. The presence of a fourth protein VP4 has been
described repeatedly, but the reported apparent molecular
weights (7-14kD) contrasted sharply with those predicted from
nucleic acid sequence data (1.5 or 2.3kD). Conclusive physical
identification of VP4 was still unavailable. The alignment of
amino acid sequence indicated that no amino acid mutation of
polyprotein of DL3 occurred at cleavage site of VP4/VP2, VP2/
VP3, VP3/VP1, implying the importance of conserved
cleavage sites in entire viral structure. In VP4 DL3 shared
lowest amino acid sequence identities with other isolates in
structural region, 91.3 % identity with SLF88, 95.7 % identity
with other ten wild-type isolates. DL3 had a unique amino
acid mutation (S to A) at position 4 different from all the other
isolates. In VP2 region amino acid sequences were highly
conserved. There was 100 % identity between DL3 and AH1,
AH2, AH3, FH2, FH3 and LA. And even for DL3 and SLF88,
the identity was also up to 99.5 %. In VP3 region DL3 had
another unique amino acid mutation (K to R) at position 47
different from all the other isolates. It had been reported that
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VP1 had the most amino acid diversity of the capsid proteins[16].
But it was not the case for DL3. In VP1 region there was 100 %
amino acid sequence identity between DL3 and AH1, AH2,
AH3 and FH2. The highest difference was between DL3 and
LA (13 amino acid differences, 95.3 % identity), just because
one amino acid was inserted into the LA between amino acids
540-548, at which a cluster of 8 amino acids was altered due
to 3 changes in the open reading frame resulting from the
insertion of 3 nucleotides.
The HAV P2 region encoded nonstructural proteins 2A,
2B and 2C. The proposed 2A region encoded for 71 amino
acids, but the exact function of 2A was not yet determined.
Recent study revealed that 2A protein might participate in
virion morphogenesis[27]. 2B and 2C proteins were found to
have 251 and 335 amino acids residues, respectively. Both
proteins playing important roles in the replication of viral RNA
were considered significant in host-dependent adaptation since
many mutations had been detected in both regions of adapted
variants[28]. HAV 2C protein was considered to have helicase
and NTPase activities. With some variants, multiple mutations
in P2 contributed to enhance viral replication with 5’ UTR
and P3 proteins and to express the cytopathic phenotype[29]. In
2A, 2B and 2C proteins, 2C protein was the most variable
between twelve isolates, DL3 shared the lowest identity of
94.9 % (17 amino acid differences) with MBB and the highest
identity of 98.8 % with AH3 and FH3 (only 4 amino acid
differences). In contrast, 2B was more conservable. The 99.2 %
identities of DL3 with AH1 and AH2 and the 98.8 % identities
of DL3 with AH3 and GBM revealed high conservation of 2B
protein among wild-type viruses. It has been reported that a
little more amino acid substitutions seemed to be found in FH
than in AH in 2B region[18]. This research also showed that
more amino acid substitutions were found in FH than that in
AH when compared with DL3, suggesting the possible
association between the severity of hepatitis A and amino acid
substitutions in 2B region.
The HAV P3 region encoded 3A, 3B, 3C and 3D proteins
with 74, 23, 219 and 489 amino acids, respectively. 3A
functioned as pre-Vpg, 3B was a genome-linked viral protein
(Vpg), 3C was the sole protease for HAV protein processing.
The recombinant HAV 3C prepared in E. coli catalyzed the
putative cleavage sites and released mature or intermediate
proteins, VP0, VP3, VP1-2A, VP1, 2A, 2B, 2BC, 2C, 3ABC,
3AB, 3C and 3D [30-34]. 3D was an RNA-dependent RNA
polymerase. By comparison, 3B protein showed highest amino
acid sequence homology, with 100 % identities among eleven
isolates except 95.7 % identity between DL3 and GBM.
Compared with 3D proteins, 3C protein showed higher amino
acid sequence identities in all twelve isolates. In this protein,
DL3 shared the 96.3 % identity with SLF88, 98.6 % with AH3
and GBM, and the highest identity 99.1 % with the other eight
isolates. The comparison indicated that high conservation of
3C protein in wild-type HAV played an important role in the
replication of virus. 3D among isolates of genotype I showed
no significant variation. But the 3D polymerase of SLF88
showed low identity with that of DL3, with only 93.3 % identity
(33 amino acid differences). GBM showed a little higher
variability among the eleven reference isolates in P3 region,
especially for 3A and 3D. The identitis for these two proteins
between DL3 and GBM were 93.2 % (5 amino acid differences)
and 97.8 % (11 amino acid differences), respectively. Even
for 3B, GBM had 1 amino acid difference with DL3.

3’ Untranslated region
The 3’ UTR of DL3 was 63-nucleotide long, the same as those
of 9 isolates, 1nucleotide less than that of LA, and 14
nucleotides more than that of SLF88. All twelve isolates had
two stop codons, separated by 6 nucleotides. The 3’UTR

Liu GD et al. Hepatitis A virus genome

503

exhibited the great identity in nucleotide sequence between
DL3 and isolates from Japan, GBM and HM175, with only 1 or
2 nucleotide difference. But for DL3 and the other 3 isolates,
identities were lower, especially 71.4% between DL3 and SLF88.

Subgenotype classification
Alignment analysis of 168 nucleotides in VP1/2A (nucleotide
3 024-3 191) of DL3 with other eleven wild-type isolates
revealed that DL3 had >92.5 % identities with six Japanese
isolates, LA and GBM (IA subgenotype), <92.5 % identity
with HM175 (IB subgenotype), and only 83.9 % identity with
SLF88 (the newly determined isolate of genotype VII).
According to these comparison, DL3 was classified as
subgenotype IA. Something strange was that comparison of
the same region between DL3 and MBB showed 94 % identity,
suggesting DL3 to be subgenotype IB. To solve this paradox,
the VP1 amino terminus (nucleotide 2 208-2 468) of DL3 was
compared with isolate MBB. The result showed DL3 belonged
to subgenotype IA.
Phylogenetic relationships
Phylogenetic relations of various HAV wild-type isolates were
analyzed on the genomes of twelve isolates (Figure 2). The
result showed that twelve wild-type isolates formed four main
subclusters, subcluster I contained DL3, AH1, FH2 and FH3,
subcluster II contained AH2 and AH3, subcluster III contained
LA and GBM, and subcluster IV contained MBB and HM175.
Subcluster I, II, III and FH1 composed of subgenotype IA
cluster. SLF88 located near this cluster. By this phylogenetic
analysis DL3 isolate showed closer phylogenetic affiliation to
AH1 and FH2. Besides, the comparison of full-length genome
of nine isolates showed DL3 had higher identity with AH1
and FH2 than those with GBM, LA, HM175, MBB and SLF88.
The analysis suggested that phylogenetic relations of various
HAV wild-type isolates correlated with geographical region.
0.01

FH3
DL3
FH2
AH1
AH3
AH2
FH1
LA
GBM
SLF88
MBB
HM175

Figure 2 Phylogenetic relations of DL3 full-length genome to
those of other HAV.

DISCUSSION
Although hepatitis A remains a disease of major public health
importance in China, the study on the genome of wild-type
HAV isolate in China has not been reported. Here, we analyzed
the full-length genome of a wild-type HAV isolate DL3 in
China. The genome sequence of DL3 contained 7 476 nucleotides,
dividing into three regions, 732-nucleotide 5’UTR, 6 681nucleotide ORF coding for a polyprotein of 2 227 amino acid,
63-nucleotide 3’UTR.
Sequence comparisons of genomes showed DL3 shared
the highest nucleotide identity (97.5 %) with AH1 and amino

acid identity (99.2 %) with AH2 and FH3, and lowest
nucleotide identity (85.7 %) and amino acid identity (96.8 %)
with SLF88. But the nucleotide sequence and amino acid
sequence differences were not evenly distributed along the
genome in all isolates. The 5’UTR region showed high
conservatism, and even SLF88 is 88.5 % identical to DL3, an
identity higher than that of full-length genome. This suggests
the importance of this region for HAV. The 3’UTR region
showed high identities between DL3 and other isolates of
genotype I. When compared with SLF88, DL3 had high
divergence of 28.6 % with SLF88, which lead to 18 nucleotide
changes, including 14 deletions and 4 mutations. Although
the exact function of 3’UTR is unknown, several studies have
revealed that sequence elements within the 3’UTR are expected
to play an important role in initiation and regulation of synthesis
of HAV RNA[35, 36]. The high heterogeneity between DL3 and
SLF88 in the 3’UTR may suggest the difference of the
replicating characteristics between DL3 and SLF88.
In structural region, the highest difference (13 amino acid
differences, between DL3 and LA) existed in VP1. But this
high divergence was due to 1 amino acid insertion into LA.
For DL3 and other eleven isolates, high homology was
observed, and the high variability of VP1 reported early was
not observed. In nonstructural region the majority of amino
acid identities between DL3 and other eleven isolates appeared
in 3B and 3C proteins, implying that both proteins play
important roles in the replication of virus and the processing
of polyprotein. Differences between DL3 and other isolates of
subgenotype IA in 2C region were a little more than those in
2B region. But differences between DL3 and other isolates of
subgenotype IB or SLF88 in 2C region were much more than
those in 2B region. SLF88 had 33 amino acid mutations with
DL3 in 3D, suggesting the polymerase of SLF88 may have
different efficiency compared with DL3.
Based on the higher nucleotide sequence identities of DL3
with AH1 and FH2 in the whole 7 476-nucleotide genome
(97.5 % and 97.3, respectively), 732-nucleotide 5’UTR region
(98.0 % and 98.2 %, respectively), 63-nucleotide 3’UTR region
(98.4 % for both), 168-nucleotide region of subgenotype
classification (98.2 %), 6681-nucleotide ORF (97.5 % and
97.2 %, respectively), DL3 is found to be in phylogenesis
closest to AH1 and FH2. So we proposed that DL3, AH1 and
FH2 probably represent different isolates of the same strain.
Moreover, it is noteworthy that Japan where AH1 and FH2
were isolated geographically close to China, where DL3 was
isolated. The phylogenetic affiliation and geographical closure
suggested the epidemiological link of hepatitis A happened in
Dalian and Japan.
By comparison of VP1/2A junction, genotypes were defined
by at least 15 %, and subgenotypes differed by at least 7.5 %.
According to this, we defined DL3 as subgenotype IA by
comparisons with isolates HM175, AH1, AH2, AH3, FH1, FH2
and FH3. Interestingly, comparisons of this region with isolate
MBB showed DL3 to be subgenotype IB. To solve this
paradox, the VP1 amino terminus of DL3 was compared with
isolate MBB. The comparison showed DL3 belonged to
subgenotype IA. This suggests that it may not be so accurate
to define a genotype only by comparison of VP1/2A junction.
And the more accurate result may be achieved by comparison
of more nucleic acid fragments.
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Abstract
AIM: To investigate the prevalence and the risk factors of
glucose intolerance in Chinese patients with chronic hepatitis
C and to evaluate the relationship between interferon (IFN)
treatment and glucose intolerance in these patients.
METHODS: Prospective cross-sectional study was done to
evaluate the prevalence of glucose intolerance in Chinese
patients with chronic hepatitis C virus (HCV) infection from
the outpatient clinic of Department of Family Medicine, Taipei
Veterans General Hospital. Chronic hepatitis C was defined
as persistent presence of anti-HCV and persistent elevation
of liver transaminase for at least 1.5 folds for at least 6
months. Moreover, patients were further categorized into
normal fasting glucose and glucose intolerance (diabetes
mellitus (DM) and impaired fasting glucose) according to
the diagnostic criteria of American Diabetic Association.
RESULTS: Totally, 359 Chinese patients with chronic
hepatitis C were enrolled (212 males and 147 females, mean
age=58.1±13.0 years). One hundred and twenty-three
patients (34.3 %) had received various forms of IFN
treatment. One hundred and twenty-five patients (34.6 %)
had glucose intolerance, including 99 patients (27.6 %) with
DM and 26 patients (7.0 %) with impaired fasting glucose.
In comparison with those with normal fasting glucose levels,
patients with chronic hepatitis C with glucose intolerance
were significantly older, had a significantly higher body
mass index, and they were more likely to suffer from
obesity, to have family history of diabetes and to have had
previous IFN treatment. Stepwise multivariate logistic
regression revealed significantly that age ¨R
¨R57 years, obesity,
previous history of IFN treatment and the presence of family
history of diabetes were independent risk factors associated
with the presence of glucose intolerance in chronic hepatitis
C patients.
CONCLUSION: In conclusion, 34.6 % of Chinese patients
with chronic hepatitis C had glucose intolerance. Chronic
hepatitis C patients who were older in age, obese, had
previous IFN treatment history and had family history of

diabetes were prone to develop glucose intolerance. To our
knowledge, this is the first population-based report to confirm
that interferon treatment to be an independent risk factor
to develop glucose intolerance.
Chen LK, Hwang SJ, Tsai ST, Luo JC, Lee SD, Chang FY. Glucose
intolerance in Chinese patients with chronic hepatitis C. World
J Gastroenterol 2003; 9(3): 505-508
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INTRODUCTION
Hepatitis C virus (HCV) infection has become a common
worldwide medical problem. Patients with chronic HCV
infection may develop various extrahepatic manifestations
including cryoglobulinemia, the presence of serum
autoantibodies, glomerulonephritis, sialoadenitis and porphyria
cutaneous tarda[1-3]. The association of chronic HCV infection
and diabetes mellitus (DM) was first reported by Alison et al.
in 1994[4]. Based on case-control studies, the prevalence of
DM had been reported in 21 % to 50 % of patients with chronic
HCV infection, which was significantly higher than that in the
general population or among patients with other diseases[4-7].
Population surveys from western countries also demonstrated
that chronic HCV infection was associated with a high
incidence of DM[5,7]. In addition, the prevalence of anti-HCV
was significantly higher in patients with DM than in the general
population[8,9].
The cause of a higher prevalence of DM in patients with
chronic HCV infection remains unclear. Altered glucose
metabolism has been well documented in patients with chronic
liver diseases, especially in patients with liver cirrhosis[10].
However, patients with HCV-related liver cirrhosis is
associated with a significantly higher prevalence of DM than
those cirrhotic patients with other etiologies[1]. Furthermore,
recipients of HCV-related liver transplantation were more likely
to develop post-transplantation DM when compared to
recipients with other etiologies[6,11]. Therefore, HCV infection
per se plays an important role in the pathogenesis of DM in
patients with chronic HCV infection. Yet, analysis in previous
studies rarely considered the confounding factors associated
with DM development such as age, obesity and diabetic
family history.
Interferon (IFN) has been widely used in the treatment of
patients with chronic hepatitis C[12-16]. Development of DM has
also been reported as an adverse effect of IFN-α treatment in
patients with chronic hepatitis C[17,18]. In addition, exacerbation
of previous diabetic control has been reported in chronic
hepatitis B patients who received IFN-α treatment[19]. The
mechanism of IFN-related DM development or exacerbation
of glycemic control remains unclear.
According to the American Diabetic Association (ADA)
criteria, DM is diagnosed as repeated fasting plasma glucose
¨R
¨R126 mg/dL, and impaired fasting glucose (IFG) is defined
as the fasting plasma glucose >110 mg/dL and <126 mg/dL[20].
Patients with IFG were reported to be prone to develop DM[21].
Previous studies focused on the relationship of chronic HCV
infection and DM. Patients with IFG were rarely evaluated.
The purpose of this study was to evaluate the prevalence of
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glucose intolerance (DM and IFG) in Chinese patients with
chronic hepatitis C in Taiwan. In addition, risk factors
associated with DM development such as age, body mass index
(BMI), diabetic family history in first-degree relatives and
previous IFN treatment were also evaluated to clarify the
possible role of chronic HCV infection in association with the
development of DM.

MATERIALS AND METHODS
Demographic data
From July 1999 to June 2001, we conducted a cross-sectional
study by enrolling and following patients who were previously
or newly diagnosed as chronic hepatitis C in the Office Clinics
of Taipei Veterans General Hospital in Taipei, Taiwan. The
diagnosis of chronic hepatitis C was based on the presence of
serum anti-HCV with or without histological confirmation. At
least twice for more than 6 months, all patients had elevated
serum alanine aminotransferase levels 1.5-fold above the upper
limit of the normal value (>60 U/L). Patients who had positive
serum hepatitis B surface antigens and chronic liver diseases
were excluded.
According to the ADA diagnostic criterias, diagnosis of
DM was established according to the documentation of DM in
previous medical records and/or repeated fasting plasma
glucose ¨R
¨R7
¨R mmol/L (126 mg/dL), and IFG was diagnosed
with a FPG >110 mg/dL and <126 mg/dL[20]. In this study,
both patients with DM and IFG were categorized together as
having glucose intolerance to compare them with patients with
normal glucose tolerance.
The BMI and family history of DM were recorded for each
patient during enrollment. The BMI was expressed as the body
weight (in kilograms) divided by the square of the body length
(in meter). The family history of diabetes was obtained from
the patients themselves and was recorded as positive if their
first-degree relatives had DM. Obesity was defined when BMI
was >27 Kg/m2 in males and >25 Kg/m2 in females[22]. Liver
cirrhosis was diagnosed by either liver histology or by
characteristic findings in abdominal sonography, computed
tomography, celiac angiography and/or the presence of
esophageal varices and ascites.
IFN treatment
We recorded details of patients who received IFN treatment,
including various regimens of IFNα-2a, IFNα-2b, consensus
IFN, subcutaneous injections three times a week, and longacting pegylated IFNα-2a subcutaneous injections once a
week with or without oral ribavirin for either 24 weeks or 48
weeks[23-26].
Biochemical data
Series of biochemical tests including serum alanine
aminotransferase and fasting plasma glucose were measured
by using an autoanalyzer (Hitachi sequential multiple
autoanalyzer; Model 736, Tokyo, Japan). Antibodies to HCV
were measured by using a second-generation enzyme
immunoassay containing both structural and non-structural
antigens (EverNew, Taipei, Taiwan). Hepatitis B surface
antigens were measured by using a radioimmunoassay (Abbott
Laboratories, Chicago, IL, USA).
Statistical analysis
Data in the text and tables are expressed as mean ± standard
deviation (mean ± S.D.). Results were compared between
groups depending on the type of data analyzed using the Chisquared test, Student t-test or Mann-Whitney U-test. Stepwise
multivariate logistic regression (SPSS 10.0, Chicago, IL, USA)
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was performed to evaluate the predictive variables associated
with the presence of glucose intolerance in patients with chronic
hepatitis C. For all tests, results with P values less than 0.05
were considered statistically significant.

RESULTS
General data of patients
Totally, 359 patients (212 males and 147 females) were
enrolled in this study and completed their follow-up
investigations in the Office Clinic for more than six months.
The mean age of all patients was 58.1±13.0 years old (ranging
from 22 to 85 years old). Among these patients, 112 (31.2 %)
had a previous history of blood transfusion. Patients without a
transfusion history had a past history of undisposable needle
injections. None of these patients were intravenous drug
abusers or under regular hemodialysis. Among all patients, 66
(18.4 %) of them had a family history of diabetes. The mean
BMI of all patients was 24.0±3.5 Kg/m2. Eighty-seven (24.2 %)
patients were obese. One hundred and fifty patients had
received a percutaneous liver biopsy. Clinical and histologydiagnosed liver cirrhosis was identified in 75 patients (20.9 %).
One hundred and twenty-three patients (34.3 %) had a prior
history of IFN treatment with a mean duration of 3.3 years
(ranging from 0.5 to 7 years) from completion of IFN treatment
till enrollment.
Results of glucose intolerance
Among the 359 patients, 125 patients (34.6 %) had glucose
intolerance, including 99 patients (27.6 %) with DM, and 26
patients (7.0 %) with IFG. The remaining 234 patients had
normal fasting glucose. None of the 125 patients with glucose
intolerance were diagnosed as type 1 DM. The mean age of
chronic hepatitis C patients with glucose intolerance was
significantly older than the age of those with normal fasting
glucose (61.1±11.2 vs 56.6±13.6 years; P=0.001). The mean
BMI of chronic hepatitis C patients with glucose intolerance
was significantly higher than that of those with normal fasting
glucose (24.5±3.7 vs 23.7±3.2 Kg/m2, P=0.024). Thirty-eight
of the 125 (30.4 %) patients with glucose intolerance were
obese, which was significantly higher than those with normal
fasting glucose (53/235, 22.6 %, P=0.02). Chronic hepatitis C
patients with glucose intolerance had a significantly higher
rate of diabetic family history than those with normal fasting
glucose (29.6 % vs 12.8 %, P<0.001, Table 1).
Table 1 Comparisons of demographic data between chronic
hepatitis C patients with glucose intolerance* and normal
fasting glucose
Patients with
glucose intolerance
(n=125)
Age

Patients with
normal fasting
glucose (n=234)

P value

61.1±11.2

56.6±13.6

0.001

47:78

99:135

0.452

Body mass index (Kg/m2)

24.5±3.7

23.7±3.2

0.024

Family history of DM (+:-)

37:88

30:204

<0.001

Obesity (+:-)

38:87

49:185

0.046

Liver cirrhosis (+:-)

28:97

47:187

0.706

Previous interferon
treatment (+:-)

51:74

66:168

0.021

Sex (male:female)

Denotes: Data were expressed as mean±S.D. * Patients with
glucose intolerance included patients with diabetes mellitus
and impaired fasting glucose by the diagnostic criteria of the
American Diabetic Association.
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Data of IFN treatment
One hundred and seventeen patients (32.6 %) had a previous
history of IFN treatment. Among these 117 patients, 44 patients
were treated with consensus IFN 3 µg (n=14), 9 µg (n=17) or
15 µg (n=13) for 24 weeks, 29 patients were treated with IFNα2b 3 million units (MU) three times a week for 24 weeks, 4
patients were treated with IFNα-2a 6 MU three times a week
for 12 weeks followed by 3 MU three times a week for 36
weeks, and 7 patients were treated with IFNα-2b 3 MU three
times a week for 48 weeks along with oral ribavirin (1 000
mg/day for patients who weighed less than 75 Kg, and 1 200
mg/day for those who weighed more than 75 Kg).
Twenty-seven patients were treated with pegylated IFNα2a 180 µg once a week for 48 weeks, and 19 of them also
received oral ribavirin treatment. Six patients received
pegylated IFNα-2a 180 µg once a week and oral ribavirin for
24 weeks. In patients who had a previous history of IFN
treatment, 42.7 % (50/117) were glucose intolerant, which was
significantly higher than the 30.2 % (73/242) of those without
a history of IFN treatment (P=0.021). Fifty-one patients out of
a total of 125 patients (40.8 %) with glucose intolerance had a
past history of IFN treatment, which was significantly higher
than the 66 patients out of 234 patients (28.2 %) with normal
fasting glucose (P=0.021). There was no significant difference
in gender and in relation to the presence of cirrhosis between
the two groups (Table 1).
Dependent variable associated with glucose intolerance
Age, gender, BMI, family history of diabetes, the presence of
liver cirrhosis and previous IFN treatment were identified as
independent variables in a logistic regression analysis with the
glucose intolerance as the dependent variable. Continuous
variables were transformed into categorical variables with the
cut-off determined by the Receiver Operating Characteristic
curve. Stepwise multivariate logistic regression analysis
¨R57 years, the presence of family history of
revealed that age ¨R
diabetes, obesity and previous IFN treatment were significant
as independent predictive variables associated with the
presence of glucose intolerance in patients with chronic
hepatitis C (Table 2).
Table 2 Significant predictive variables of glucose intolerance
in chronic hepatitis C patients using stepwise multivariate
logistic regression analysis
Coefficient

Odds ratio 95% CI

P value

Age 57 years

1.251

3.50

2.06-5.92

<0.001

Diabetic family history

1.289

3.64

2.00-6.57

<0.001

Obesity

0.576

1.78

1.05-3.03

0.034

Previous interferon
treatment

0.803

2.23

1.34-3.72

0.002

Denotes: CI: confidence interval.

DISCUSSION
The close relationship between DM and chronic HCV infection
had been reported in several previous studies although the exact
pathogenesis remains unclear[4-11]. The age-adjusted populationbased prevalence of type 2 DM and IFG in Taiwan was 5.9 %
and 15.7 %, respectively[27-30]. According to our results, the
prevalence of DM and IFG in patients with chronic hepatitis C
was 27.6 % and 7.0 %, respectively. The prevalence of glucose
intolerance (DM and IFG) was significantly higher than the
age-matched normal population in Taiwan.
An altered glucose metabolism had been reported in patients
with chronic liver diseases and liver cirrhosis[11]. However,
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patients with HCV-related chronic hepatitis and liver cirrhosis
demonstrated a stronger correlation than those patients with
other etiologies[5,6,11]. Patients with a viral infection alone such
as cytomegalovirus, Coxackie virus and mumps were reported
to develop DM, but most of the reported cases were type 1
DM[31-33]. The pathogenesis of HCV-related DM remains
mysterious.
Although the close relationship between DM and chronic
HCV infection has been noted, the risk factors of DM including
age, sex, the presence of family history of diabetes, BMI, liver
cirrhosis, and previous history of IFN treatment has not been
well investigated in previous case-control studies. In the general
population, male gender, older age, obesity and the presence
of family history of diabetes were well recognized as significant
risk factors for the development of DM. According to our
results, all these risk factors except the male gender remained
independent risk factors associated with the presence of DM
in chronic hepatitis C patients. These findings indicated that
multiple factors may contribute to the development of DM in
patients with chronic hepatitis C.
Of particular interest, our results showed significantly that
previous IFN treatment was an independent risk factor for the
development of glucose intolerance in patients with chronic
hepatitis C. IFN had been widely used in the treatment of
patients with chronic hepatitis C[12-16]. Development of DM or
the exacerbation of previously stable glycemic control in
diabetic patients had been reported as drug side effects in
chronic hepatitis C patients who were receiving IFN treatment,
but the mechanism of this phenomenon remains unknown[17-19].
The presence of islet cell autoantibodies had ever been reported
in a chronic hepatitis C patient during IFN treatment[34]. Fabris
et al reported that the development of DM during IFN treatment
was resulted from the amplification of previously existing
autoimmunity against pancreatic β cells[35]. However, a report
contradicting these findings was published later[36].
Koivisto et al also postulated that impaired glucose tolerance
was found in healthy volunteers who received IFN treatment,
and this phenomenon may have resulted from the development
of insulin resistance through the complex interaction between
insulin and its counter-regulatory hormones[37]. However, by
using a minimal model, IFN-α injection was reported to
ameliorate the glucose tolerance in diabetic and non-diabetic
patients with chronic HCV infection[38]. Our results showed
that previous IFN therapy can be used significantly as an
independent variable to predict the development of glucose
intolerance in patients with chronic hepatitis C. Patients enrolled
in our study received various forms of IFN with different dosages
and durations. Therefore, further evaluations are needed to clarify
the enigmatic association between IFN treatment and DM
development in patients with chronic hepatitis C.
In conclusion, 34.6 % of patients with chronic hepatitis C
were glucose intolerant. Chronic hepatitis C patients who were
older in age, were obese, and had a previous history of IFN
treatment as well as a family history of diabetes were prone to
develop glucose intolerance. To our best knowledge, this is the
first population-based report to confirm that interferon treatment
to be an independent risk factor to develop glucose intolerance.
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Abstract
AIM: The hepatitis B surface antigen (HBsAg) is considered
to be one of the best markers for the diagnosis of acute and
chronic HBV infection. But in some patients, this antigen
cannot be detected by routine serological assays despite
the presence of virus. One of the most important explanations
for the lack of detectable HBsAg is that mutations which
occur within the “a” determinant of HBV S gene can alter
expression of HBsAg and lead to changes of antigenicity
and immunogenicity of HBsAg accordingly. As a result, these
mutants cannot be detected by diagnosis assays. Thus, it is
essential to find out specific and sensitive methods to test
the new mutants and further investigate their distribution.
This study is to establish a method to investigate the
distribution of the HBsAg mutant at nt551.
METHODS: A mutation specific polymerase chain reaction
(msPCR) was established for amplifying HBV DNA with a
mutation at nt551. Four sets of primer pairs, P551A-PPS,
P551G-PPS, P551C-PPS and P551T-PPS, with the same
sequences except for one base at 3’ terminus were designed
and synthesized according to the known HBV genome
sequences and the popular HBV subtypes, adr and adw, in
China. At the basis of regular PCR method, we explored the
specific conditions for amplifying HBV DNAs with a mutation
at nt551 by regulating annealing temperature and the
concentration of these primers. 126 serum samples from
patients of hepatitis B were collected, among which 16 were
positive for HBV S DNA in the nested PCR amplification.
These 16 HBV S DNAs were detected by using the msPCR
method.
RESULTS: When the annealing temperature was raised to
71 , nt551A and nt551G were amplified specifically by
P551A-PPS and P551G-PPS; At 72
and 5 pmole of the
primers (each) in reaction of 25 µl volume, nt551C and
nt551T were amplified specifically by P551C-PPS and P551TPPS. 16 of HBV S gene fragments were characterized by
using this method. 14 of them were positive for nt551A,
one was positive for nt551G, and the other one was positive
for nt551T. The results were confirmed by nucleotide
sequencing.
CONCLUSION: The mutation specific polymerase chain
reaction is a specific and sensitive method for detecting the
mutations of HBV genome at nt551.

Ma CL, Fang DX, Chen HB, Li FQ, Jin HY, Li SQ, Tan WG. A
mutation specific polymerase chain reaction for detecting hepatitis
B virus genome mutations at nt551. World J Gastroenterol 2003;
9(3): 509-512
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INTRODUCTION
Hepatitis B virus (HBV) is a hepatotrophic DNA virus, in the
reverse transcription process of DNA replication, the HBV
DNA template is transcribed by cellular RNA polymerase to
pregenomic RNA, which is reverse transcribed to DNA by
viral polymerase, and a consequence of the unique way of HBV
replication is a significant tendency of mutation [1-3] .
Substitution, deletion and frame-shift by insertion or deletion
of short sequence were found in four open reading frames[4-7].
The diversity is also shown in different serological subtypes
such as adr, adw, ayr and ayw, which have a common “a”
determinant. It is well known that “a” determinant is the
common antigenic epitopes of all subtypes of HBsAg. A large
antigenic area of “a” determinant is now called the major
hydrophilic region (MHR). Mutations within MHR of HBsAg
have been considered to be associated with vaccine failure and
chronic infection[1,2,6,8]. These mutations have been reported
repeatedly since Carman found the first case of immune escape
mutants in 1990[9]. The point mutation reported most commonly
in immunized children causes a substitution of Arg for Gly at
position 145 of HBsAg[1,3,8,9]. Other reports about substitutions
in HBsAg such as 120, 121, 126, 129, 131, 133, 141, 144 were
found repeatedly[8-12]. These findings of HBV immune escape
mutants have caused attention from scientists all over the world
in recent years. Immune escape of HBV mutants was best
known to be associated with HBV genome itself, but the
immune pressure was considered to be one of the most
important factors that result in escape mutants[13-17].
The immune escape variants could influence the effect of
HBV vaccine, it was argued that the components of mutant
HBsAg should be considered to be added in the HBV vaccine
in the future[3,13, 17,18]. However, in order to achieve this aim, it
is needed to confirm first the mutants that are the big problems
among hepatitis B patients. At present, it is very important to
find out new escape mutants and further investigate their
distribution. Specific and sensitive assays are essential for
investigating the distribution of mutants. To detect the mutant
HBV DNA, mutation specific polymerase chain reaction
(msPCR) is a potential method. Our lab had discovered a
mutation at nt551 A-to-G of HBV genome, resulting in the
alteration at aa133 Met to Val of HBsAg, from a four-year-old
hepatitis B patient[123]. To investigate the distribution of mutants
with a mutation at nt551 among the hepatitis B patients in
China, a msPCR method was established according to HBV
DNA sequences and the main popular subtypes, adr and adw.
MATERIALS AND METHODS
Materials
Collection of serum samples 126 of serum samples were
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provided by Department of Laboratory Diagnosis, Nanjing
Jinling Hospital. The viral markers were tested by using the
enzyme immune assay (EIA) methodology. All of the samples
were positive for anti-HBs and negative for HBsAg. The ALT
level was considered to be abnormal to all of them.

Methods
Extraction of HBV genome DNAs DNAs was isolated and
purified from 100 µL of serum samples. Proteinase K (20 mg/
ml) and SDS (10 %) were added into 100 µL of sera and their
concentrations in reaction were 2.5 mg/ml and 0.5 %,
respectively. After a brief vortex, the mixture was heated at
70 for 3 hours. Then the same volume of phenol: chloroform
was added to the mixture to extract DNA. The DNA pellet
was obtained with 100 % ethanol precipitation, and was washed
with 70 % ethanol. The dried DNA pellet was then resuspended
in 20 µl of H2O and stored at -20 . All of 126 sera were
prepared in this way.
Amplification of HBV S DNAs The amplification of HBV S
gene was carried out by using the nested PCR method. In the
first-round PCR, the 50 µl reaction solution including 5 µl
DNA template and 40 pmole (each) of the first-round primers.
The mixture was heated to 94
for 5 min, followed by 30
PCR cycles consisting of 94 for 30 s, 55 for 30 s and 72
for 60 s in a thermal cycler. And then 1.25 µl of the first-round
PCR product served as the template for the second-round of
PCR amplification which consisting of the same cycles except
that the annealing temperature was raised to 65 . Positive
PCR product, a DNA band of 1.2kb as expected, was detected
on agarose gel electrophoresis. After amplification, we
achieved 16 HBV S DNAs.
The primers for the nested PCR were designed according
to the known HBV genome sequences and the main popular
subtypes, adr and adw, in China, as follows:
The primers for first-round:
P1’: 5’ACATCATCTGTGGAAGGC 3’, nt2756-nt2773, the
upstream primer;
P6’: 5’TATCCCATGAAGTTAAGG 3’, nt884-nt867, the
downstream primer;
The primers for second-round:
PEC: 5’CGGAATTCACCATATTCTTGGGAACAAG 3’,
nt2 823-nt2 844, the upstream primer;
PPS: 5’GCTGCAGGTTTAAATGTATACCCAAAGAC 3’,
nt838-nt816, the downstream primer;
An EcoRI or a Pst I sites was originally added at 5’-end
respectively for cloning purpose.
Amplification of HBV DNA fragments for control To
achieve the HBV DNA fragment with an A at nt551, the wildtype HBV S DNA as template was amplified by using the
primer pair P551A-PPS under the condition of regular PCR.
The HBsAg mutant with a G at nt551 as template was amplified
by using the primer pair P551G-PPS to achieve the HBV DNA
fragment with a G at nt551. The HBV DNA fragment with a C
or T at nt551 was achieved by using introducing mutation in a
PCR. The PCR primer sequences were as follows:
P551A: 5’TCCTGCTCAAGGAACCTCTA 3’, nt532-nt551,
upstream primer;
P551G: 5’TCCTGCTCAAGGAACCTCTG 3’, nt532-nt551,
upstream primer;
P551C: 5’TCCTGCTCAAGGAACCTCTC 3’, nt532-nt551,
upstream primer;
P551T: 5’TCCTGCTCAAGGAACCTCTT 3’, nt532-nt551,
upstream primer;
PPS: See the above.
P551C-PPS and P551T-PPS were used respectively to
amplify HBV DNA fragments with a C or T at nt551, which
are 314 bp long. Additionally, two upstream primers had been
designed respectively by introducing mutation in order to
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achieve the controls of HBV DNA with a C or T at nt551.
P551CM: TCCTGCTCAAGGAACCTCTCTGTTTC, nt532-nt557;
P551TM: TCCTGCTCAAGGAACCTCTTTGTTTC, nt532-nt557.
Establishment of msPCR In order to amplify HBV DNA
specifically, the annealing temperature of PCR was regulated
according to the Tm. The reaction volume of PCR was 25 µl. The
PCR reaction was carried out by using P551A-PPS, P551G-PPS,
P551C-PPS and P551T-PPS as primer pairs to amplify HBV S
DNA templates with an A, G, C, or T at nt551, respectively.
Application of msPCR Under the condition of the msPCR
method, the 16 of samples which were positive for HBV S DNA
as templates were amplified by using P551A-PPS, P551G-PPS,
P551C-PPS and P551T-PPS as primer pairs respectively.
HBV S DNA sequencing In order to confirm the validity of
the msPCR, the purified PCR products of HBV S gene
fragments from selected samples according to the results of
msPCR, NO.2, NO.5, NO.8 and NO.57 were sequenced by
using the primer PPS.

RESULTS
HBV DNA fragments for control
The HBV S DNA with an A, G, C or T at nt551 was amplified
respectively for control. This result is shown in Figure 1.
1 2 3 4 5
2 000
1 000
750
500
200
100

Figure 1 Amplification of Control HBV DNA. Lane 1: DNA
Marker; Lane 2: HBV DNA with an A at nt551 amplified by
P551A-PPS; Lane 3: HBV DNA with a G at nt551 amplified by
P551G-PPS; Lane 4: HBV DNA with a C at nt551 amplified by
P551CM-PPS; Lane 5: HBV DNA with a T at nt551 amplified
by P551TM-PPS. The amplified DNA fragments are 314 bp long.
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Figure 2 Establishment of the msPCR for nt551A and nt551G
Lane 1: DNA Marker; Lane 2-5: P551A-PPS amplified HBV
DNAs of control (nt551A in Lane 2, nt551G in Lane 3, nt551C
in Lane 4, nt551T in Lane 5). Lane 6-9: P551G-PPS amplified
HBV DNAs of control (nt551A in Lane 6, nt551G in Lane 7,
nt551C in Lane 8, nt551T in Lane 9).
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Figure 3 Establishment of the msPCR for nt551C and nt551T
Lane 1: DNA Marker; Lane 2-5: P551C-PPS amplified HBV
DNAs of control (nt551A in Lane 2, nt551G in Lane 3, nt551C
in Lane 4, nt551T in Lane 5). Lane 6-9: P551T-PPS amplified
HBV DNAs of control (nt551A in Lane 6, nt551G in Lane 7,
nt551C in Lane 8, nt551T in Lane 9).
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Table 1 Application of the msPCR for detecting HBV DNA
Primerpairs

HBV DNA samples
2

5

8

13

17

31

32

33

34

46

47

50

53

57

67

85

P551A-PPS

-

+

+

+

+

+

+

+

+

+

+

+

+

-

+

+

P551G-PPS

-

-

-

-

-

-

-

-

-

-

-

-

-

+

-

-

P551C-PPS

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

P551T-PPS

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

124

133

147

HBV(adr)TGCACGATTCCTGCTCAAGGCAACTCTATGTTTCCCTCATGTTGCTGTACAAAACCTTCGGACGGAAACTGC
NO.2

-------------------------------------------------------T-----------------------------------------------------------------------------------------

NO.5

-------------------------------------------------------A-----------------------------------------------------------------------------------------

NO.8

-------------------------------------------------------A-----------------------------------------------------------------------------------------

NO.57

-------------------------------------------------------G-----------------------------------------------------------------------------------------

Figure 4 NO.2, NO.5, NO.8 and NO.57 are compared with the know adr subtype HBV genome. The sequence from nt524 to nt595
code for aa124 to aa147 of HBsAg (The first T in the single EcoRI cleavage site of HBV genome is nt1).

Establishment of msPCR
When the annealing temperature was set from 65 to 70 ,
the results of amplification were not specific to the four primer
pairs. In other words, the templates were amplified by nomatching primers. Then the annealing temperature was raised
to 71 , the specific amplified results were found for P551APPS and P551G-PPS; When the annealing temperature was
and the concentration of the primers (each)
raised to 72
were at 5 pmole in reaction of 25 µl volume, P551C-PPS and
P551T-PPS amplified HBV DNAs with C or T at nt551
specifically. The specific results to establish msPCR method
are shown in Figture 2 and Figture 3.
Application of msPCR
16 samples were tested by using the msPCR method. This result
is shown in Table 1.
HBV S DNA sequencing
According to the results of msPCR, four DNA samples, No.2,
No.5, No.8 and No.57 were selected to sequence. The
sequencing results showed that No.2 was a T at nt551, both
No.5 and No.8 were an A at nt551, and No.57 was a G at
nt551, confirming the results of the msPCR. The sequencing
results are shown in Figure 4.
DISCUSSION
In the recent years, mutant HBsAg have caused great academic
interest[19,20], and many analyses and researches have been made
for the emergence of HBV mutants with mutations in the “a”
determinant of HBsAg which result in immune escape[13-16,21].
According to these research results, it is very important to
further investigate mutant distributions and clarify mutations
in HBV S gene which could cause the changes of antigenicity
and immunogenicity of HBsAg[3,12,22-24]. It is well known that
the mutants of HBsAg were able to cause infection and
horizontal transmission despite the presence of anti-HBs[25-29].
The increasing use of HBV vaccine has had overwhelming
positive influence on the prevention of hepatitis B viral
infection, but have no effective impact to those mutants[30].
The mutations in the coding region of “a” determinant of
HBsAg could not be detected in some routine assays[31,32].
This study was to obtain a specific and sensitive method
for monitoring the HBsAg mutant with a mutation at nt551.
The method of msPCR is different from immnoassays that are

based on the antigen-antibody reaction[33,34]. To detect mutant
HBsAg, the unique specific monoclonal antibodies are
required. But these kinds of antibodies are limited or not
available commercially. Because HBV is a double-stranded
DNA virus, its genome is fairly stable in the blood and tissue,
the PCR amplification of HBV DNA is relatively easy[35]. The
msPCR is actually a method to detect the specific site mutation.
This method was firstly developed to detect site mutation of
allele-special genes of β-globin genome DNA for sickle cell
anemia[36]. And then it was used in virological studies. This
mechanism was used in our study.
The msPCR was established at the basis of the known HBV
DNA. The primers were only one-base different from each
other at 3’ terminus, thus the non-specific DNA should not be
amplified at regular value of Tm. However, we considered the
variability of annealing temperature and set it as high as
and 72 , the ideal result was
possible. When it was 71
found respectively for different primer pairs. The process
confirmed that the annealing temperature is the key factor to
establish msPCR method of nt551. Additionally, the
concentration of the primers is also an important factor for
this msPCR. In short, different primers amplify HBV DNA
specifically with different conditions.
The aim of this study was to detect the mutation of the
known HBV S gene at nt551. All of 126 serum samples were
collected from hepatitis B patients in hospital. After the nested
PCR amplification, 16 samples were positive for HBV S gene.
The msPCR detection showed that 14 of them were an A at
nt551, one was a G at nt551, and the other was a T at nt551.
The reliability of msPCR was confirmed by sequencing
analysis of four samples. A special attention should be paid to
No.2. It is a T at nt551, resulting in a Met (ATG) to Leu (TTG)
change at aa133 of HBsAg. Whether this mutation caused the
change of antigenicity need further identification. In addition
to these mutations in HBsAg “a” determinant, there were several
other mutations in S gene. These results further confirmed the
diversity and popularity of HBV S gene mutation.
In conclusion, this msPCR is a sensitive and specific approach
for the detection of mutations in HBV S gene, and will have
tremendous potential in screening HBsAg mutants and further
investigating their distribution in patients of hepatitis B.
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Abstract
AIM: To amplify HBV-RNase H gene fragment and expression
of RNase H for further use in the studies of HBV associated
liver diseases.
METHODS: The encoding gene of HBV-RNase H was
separately amplified for the first half and second half (H1
and H2) by PCR from full length HBV gene and cloned into
pT7Blue-T vector. Clones were first screened by digestion
with XbaI and Hind III enzyme for the correct size, and
analyzed further by DNA sequencing. The RNase H1 and H2
fragments isolated from XbaI and Hind III digestion products
of pT7 Blue-RNase H plasmid were ligated to the GSTag
expressing vectors separately, and expressed in E.coli BL21.
The expressed proteins were checked by PAGE gel and
Western blot.
RESULTS: Both H1 and H2 nucleotide seqences consisting
of known genes and proteins, in correct size, were further
confirmed by Western blot to be the GST and RNase H1 or
H2 fusion proteins.
CONCLUSION: The successful cloning and expression of
HBV-RNase H will contribute to further research and
application in HBV-associated diseases.
Cheng H, Zhang HZ, Shen WA, Liu YF, Ma FC. Expression of
RNase H of human hepatitis B virus polymerase in Escherichia
coli. World J Gastroenterol 2003; 9(3): 513-515
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INTRODUCTION
Human hepatitis B virus (HBV) infection has a wide range of
clinical outcomes, from self-limited silent or acute infection
to fulminant hepatitis. It has been estimated that over 300
million cases of chronic HBV infection exist globally[1]. In
China, nearly 100 million people have a persistent infection
with HBV, who are at risk of developing chronic hepatitis
leading to liver cirrhosis and hepatocellular carcinoma[2-6].
Significant advances have been made during the last few years
in the treatment of chronic hepatitis B[7-13]. Several new antiviral
agents have been shown to be safe and effective in inhibiting
HBV replication[14-20]. However, it has remained refractory to

the treatment since not all patients respond properly and still
there is no breakthrough results in therapeutic vaccine[21-23].
The increase of chronic hepatitis and hepatocellular carcinoma
associated with the HBV infection has become a worldwide
medical problem.
HBV replication is accomplished by its own polymerase.
Hepadnavirus polymerases are multifunctional enzymes that
play critical roles during the viral life cycle[24]. Ribonuclease
H (RNase H), the HBV RNaseH domain of HBV polymerase,
is one of the four domains (Terminal, Spacer, Reverse
Transcriptase and RNase H) encoded by HBV polymerase
gene. With 480 bp in full length and encoding a 16ku protein
which is responsible for degrading RNA from RNA-DNA
intermediate, HBV-RNase H plays a pivotal role in the HBV
life cycle. Although the rest of HBV encoded antigen rather
than RNase H has been studied in detail[25-30], there is less paper
about HBV-RNase H which is intimately related with HBV
replication. To explore the potential use of HBV-RNase H in
the diagnosis and treatment of HBV associated liver diseases,
we cloned and expressed RNase H of the HBV polymerase.

MATERIALS AND METHODS
Materials
pTKHH2 plasmid containing the full length HBV genomic
DNA of subtype adw2 was kindly provided by Dr. Lingxun
Duan in Thomas Jefferson University (Philadelphia PA). The
primers with restriction enzyme site XbaI at 5’ end and HindIII
at 3’ end used to amplify HBV-RNase H gene was synthesized
in Gibco Inc. pT7Blue cloning vector, DH5α competent cells,
GSTag expression vector and anti-GST antibody were products
of Novagen Inc.
Plasmid construction[31,32]
Two pairs of primers were used in PCR reactions to amplify
the first half (H1 1-240) and the second half (H2 241-480)
fragments of RNase H gene from pTKHH2 plasmid (P1: 5’TTCTAGACCGGCCAGGTCTGTGCCAAGTG-3’, P2: 5’AAG CTTACCAGTTGGCAGCACAGCCTAG-3’ for H1;
and P3: 5’-TTCTAGACA TCCTGCGCGGGACGTCCTTTG3’, P4: 5’-AAGCTTAATGCGGTGGTCTCCA TGCG-3’ for
H2). The amplified H1 and H2 fragments were purified on a
15 g/L low-melting agarose gel, utilizing the PCR purification
system (Promega Inc). The purified PCR products were directly
ligated into the pT7 Blue-T vector respectively. After
transformation of the Escherichia coli strain DH5α,
recombinants were selected on x-Gal plates. Ten white colonies
were selected for minipreparation and the insert evaluation
was by enzyme digestion and DNA sequncing. The plasmids
with proper inserts were recut with XbaI and HindIII enzyme
and ligated into pGSTag vector. The pGSTag containing H1
or H2 fragment were transformed into BL21 Escherichia coli
strain and propogated in LB midium.
Expression[33] and identification of HBV-RNaseH
Picked the recombinant colonies and grew them overnight at
in 3 mL of LB medium. Removed 1 mL culture and
37
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inoculated into 100 mL of fresh LB medium and grew at 37
to an A600 of 0.6. Added 100 mmol/L IPTG to the bacterial
culture to a final concentration of 0.3 mmol/L and incubated the
culture for an additional 3-4 h. Pelletized the cells by centrifuging
at 12 000 g for 3 min and resuspending the bacterial pellet in 3
mL lysis buffer. After the bacteria lysised by ultrasonic machine,
the fusion proteins were purified with glutathione Sepharose
4B column and identified by PAGE gel stained with Coomassie
blue and further confirmed by Western blot.

RESULTS
Recombinant expression vectors of pGSTag containing Cloned
HBV RNase H1 and H2 fragments were identified by restriction
enzyme digestion and DNA sequencing and the results showed
that the inserted DNA fragment were expected known
sequences. The expressed proteins could be seen in Coomassie
blue stained PAGE gel with 34 ku band (Figure 1) which were
further confirmed by Western blot as GST and HBV RNase H
fusion protein.

World J Gastroenterol

contribute to further generating anti-RNase H antibody
producing hybridoma cells for the purpose of HBV related
liver diseases gene therapy. It has been confirmed that RNase
H can be used as a marker to reflect the low level virus replication
without other positive markers[45], so to investigate and analyze
the results of anti-HBV RNase H might be able to provide a
new marker for the early diagnosis of HBV infection and to
assess the effects of clinical therapy of HBV infection diseases.
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DISCUSSION
Genome replication of hepadnavirus proceeds by reverse
transcription from a viral pregenomic RNA template by a
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Abstract
AIM: To explore the virulence and the infectivity of coccoid
Helicobacter pylori (H. pylori) transformed from spiral form
by exposure to sterile tap water.
METHODS: Three strains of H. pylori, isolated from gastric
biopsy specimens of confirmed peptic ulcer, were converted
from spiral into coccoid form by exposure to sterile tap water.
Both spiral and coccoid forms of H. pylori were tested for
the urease activity, and the adherence to Hep-2 cells. The
presence of flagella was examined under electron
microscopy. In the experimental animal infection, the spiral
and coccoid forms of H. pylori originated from the same
strain F49 were inoculated intragastrically into BALB/c mice
respectively four times at a 3-day interval. Half of the mice
from each group were sacrificed at Day 21 and Day 28 after
the last inoculation. Histology and H.pylori colonization were
detected by urease test of gastric mucosa, cultures of H.pylori,
and electron microscopy and so on.
RESULTS: The urease activity and the ability of adherence
to Hep-2 cells were found to be lower in coccoid H.pylori
than that in its spiral form. For example, the transformation
in strain F44 led to a significant decrease of the adherence
rate and adherence index from 70.0±5.3 % to 30.2±3.5 %
(P<0.01), and from 2.6±0.4 to 0.86±0.3 (P<0.01),
respectively. The flagella of coccoid H. pylori were observed
under electron microscope. In the experimental infection in
mice, the positive rate of gastric mucosa urease test was
93.8 % (15/16) in the group infected by spiral H.pylori and
50 % (8/16) in the group infected by coccoid H.pylori, and
the estimated coccoid H.pylori colony number was 1.75 vs
0.56. The positive rates of H.pylori culture were 87.5 %
(14/16) in spiral H. pylori group and 68.8 % (11/16) in
coccoid H. pylori group. There was no significant difference
in either urease test or bacterial culture rate between the
groups examined at Day 21 and Day 28 after inoculation.

Electron microscopic examination of the samples taken from
both groups showed the adherence of H.pylori in spiral,
bacillary and coccoid shapes to the epithelial cells of gastric
wall. Histological examination showed the occurrence of
gastric mucosal injury as indicated by various degrees of
erosion, ulcer, and inflammatory cell infiltration. Mucosal
injury was slighter in the mice infected by coccoid H.pylori.
No positive result was obtained in the control group that
received intragastrical administration of sterile tap water.
CONCLUSION: Although the virulence of coccoid H.pylori
induced by water decrease, coccoid H.pylori still remains a
considerable urease activity and the adhering ability to
epithelial cells. Furthermore, the flagella, an important
component responsible for bacterial movement and infection,
were still observed as a cellular structure of coccoid H.pylori
under electron microscope. The coccoid H.pylori induced by
water is capable of colonizing in gastric mucosa and causing
gastrititis in mice.
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INTRODUCTION
Helicobacter pylori has been recognized as an important
pathogen that causes chronic gastritis and peptic ulcer and
likely as a risk factor associated with gastric carcinoma[1-9]. H.
pylori infection is endemic. In despite of more than 10 years of
intensive research, the precise mode and route of H. pylori
transmission remain elusive. Four routes including fecal-oral,
oral-oral, gastro-oral and iatrogenic transmission have been
postulated[10-13]. The association between water consumption and
H.pylori infection indicates that H.pylori may be transmitted
through a waterborne route[14-16]. H.pylori exists in two forms:
the spiral form and the coccoid form. Coccoid H.pylori is nonculturable but alive[17-20]. Some researches have shown that H.
pylori can survive water microcosms in coccoid form[20,21]. The
coccoid H.pylori in water has therefore been suspected to
contribute an important part to the transmission of the bacteria.
However, the virulence and infectivity of coccoid H.pylori in
water has not been studied. To explore the pathogenicity of the
coccoid H.pylori in water, three strains of spiral H.pylori were
treated by prolonged exposure to sterile tap water and examined
for the presence of flagella under electron microscopy and tested
for their urease activity and their adherence to Hep-2 cells. A
strain was inoculated into the BABL/C mice. The gastric mucosal
samples were taken to assess the bacterial in vivo colonization
and pathological effects by means of urease test, bacterial culture,
electron microscopy, and light microscopy.
MATERIALS AND METHODS
Animals
Female BALB/c mice were purchased from Shanghai
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Experimental Animal Center, Chinese Academy of Sciences
and raised under SPF conditions. Those of 8 weeks old,
weighing 20-22 g were used for bacterial inoculation. Sterile
food and tap water were given ad libitum.

Cells
Human epithelial cell line Hep-2 cells were maintained in 1 640
medium supplemented with 10 % fetal calf serum, 200 IU/ml
penicillin and 50 µg/ml streptomycin at 37 in 5 % CO2-95 %
air, and re-cultivated twice a week.
Bacterial strains
Three strains (F44, F45 and F49 ) of H.pylori were isolated in
this laboratory from gastric biopsy specimens of confirmed
peptic ulcer patients. The isolates were spiral in shape, positive
for catalase, oxidase, urease, and cagA and vacA gene. Stock
cultures were maintained in defatted milk at -80 .
H. pylori cultivation and coccoid form induction
The stored strains of H.pylori were cultured on Brucella agar
with 5 % sheep blood at 37 for 2-3 d under microaerophilic
conditions (5 % O 2 ; 10 % CO 2; 85 % N 2). After being
subculturied, the bacteria were harvested and suspended in
sterile tap water and the suspensions were incubated at 4
for a few days (about 3-4 d) until 100 % transformation to
coccoid form was achieved and confirmed under light
microscopy. The transformed bacteria were inoculated on the
Brucella agar media supplemented with 5 % sheep blood for
reversion trial culture. The stock suspensions were stored at
until use.
4
Electron microscopy
H. pylori flagella were examined under A Hu-12A transmission
electron microscope. To prepare the bacterial samples, H. pylori
suspensions were centrifuged, and the pellets were embedded
in Epoxy 618. The ultra-thin sections were cut and negatively
stained by 1 % phosphotungstic acid.
Assessment of cell adherence
Hep-2 cells were grown to confluence on glass coverslips in
culture flask, and 0.5 ml of the suspension of H.pylori (108
cfu/ml) was added to culture medium (5 ml) for an additional
in 5 % CO2-95 % air. Cultures on the
3.5 h culture at 37
coverslips were washed and stained with Wright-Giemsa. One
hundred Hep-2 cells were examined under light microscope
for the counts of both the cells adhered by bacteria and the
bacteria adhering to each cell. The adherence rate and
adherence index were then calculated by the formula (described
in the Results).
Animal infection experiment
Forty-two BALB/c mice were randomly divided into 3 groups.
By oral gavage, groups 1 and 2 (16 mice each) were given 0.4
ml (109 cfu/ml) of suspensions of F49 strain spiral H.pylori
and coccoid H.pylori (in water for 40 days), respectively, four
times at a 3-day interval. The control group (10 mice) received
0.4 ml sterile tap water. At Day 21 and 28 after inoculation,
half of the mice from each group were sacrificed, respectively.
Before killing, the mice were fasted for 36 hours with free
access to water. At sacrifice, stomachs were removed, opened
and washed with sterile saline and longitudinally divided into
3 sections in same size, which were used respectively for fast
urease test and bacterial culture, electron microscopy, and
histological examination.
Urease activity assay
Urease activity fast assay kit was purchased from Sanqiang
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Company (Sanming, Fujian). The assays were made according
to the manufacturer’s instructions. Diluted H. pylori cultures
(1010 cfu/ml, 5 µ), or tissue fragments (3×3 mm) obtained from
the pylorus part of one-third of the mouse gastric mucosa were
added to the test wells to react with the commercial reagents.
To evaluate the urease activity, the colors developed in the
assay were scored into five grades (++++, +++, ++, + and -)
for bacterial cultures and four grades (+++, ++, + and -) for
tissue fragments.

Bacterial examination
After collected for urease assay, the remaining one-third gastric
mucosa samples were grounded into homogenate, daubed on
Brucella agar with 5 % sheep blood, and incubated at 37
for 3-4 d under microaerophilic conditions. Colonies were taken
and identified under light microscopy, urease activity test and
cagA gene amplification by PCR. In addition, two samples
from groups 1 and 2 respectively, witch were bacteriologic
positive and trimmed to 1 mm3, were embedded in Epoxy 618,
then the ultra-thin sections were cut, stained by uranyl acetate
and lead citrate and examined under a Hu-12A transmission
electron microscope.
Light microscopic histological examination
The gastric mucosal samples were embedded in paraffin, cut
in 5 µm sections, stained with hematoxylin-eosin, and
examined under light microscope.
Statistical analysis
Data was analyzed using the Student t test. The statistically
significant difference was suggested by a value of P<0.05,
and the very significant difference by P<0.01.
RESULTS
In vitro virulence of water-induced coccoid H.pylori
Flagella Three strains (F44, F45 and F49) of H.pylori were
seen under light microscope in a typical spiral shape before
their exposure to water. After 3-4 d incubation in sterile tap
water at 4 , no spiral but only coccoid shaped bacteria were
observed. Reversion trial showed that water-induced coccoid
H. pylori failed to grow on Brucella agar supplemented with
5 % sheep blood. Electron microscopy showed that the flagella
remained a part of the bacterial cell structure (Figure 1).

Figure 1 The flagella of coccoid H.pylori under transmission
electron microscope ×6 000.

Urease activity Table 1 shows the urease activity assayed for
three strains (F44, F45 and F49) of H.pylori both in spiral form
(normal culture) and the respective coccoid form (subjected
to water treatment). Strong urease activity (++++) was
confirmed in the spiral H. pylori of all the three strains tested.
The urease activity of the water-induced H. pylori, i.e., the
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coccoid form of these three strains, significantly reduced, but
still existed on a detective level (+ to ++).
Table 1 Urease activity of H.pylori
Strain

Urease activity
Spiral form

Coccoid form

++++
++++
++++

+
++
+

F44
F45
F49

Adhering ability All the three strains of H. pylori in both
spiral form and water-induced coccoid form were tested for
their adhering ability to Hep-2 cells. According to the following
formula, the rate and the index of adherence were calculated.
The rate of adherence=the amount of cell adherenced by
bacteria/100×100 %;
The index of adherence=the amount of bactria adhereing to
cells/100;
Five groups of each 100 Hep-2 cells were counted for the
number of cells adhered by bacteria and the total number of
bacteria adhering to the cells. The percentages of cells adhered
by bacteria (adherence rate) and the average bacteria number
(adherence index) adhered to each cell are presented in Table
2. The adherence was observed in all groups tested. Student t
test showed a very significant difference between the spiral
and coccoid forms of H. pylori in either adherence rate or
adherence index.

test kit, were accordingly assigned by 0, 1, 2, and 3 point(s).
Table 4 presents the number of mice scored at the same points
in this assay and the average points of each group. Again, the
score in group 1 was much higher than in group 2 (1.75 vs 0.56),
while the score in control group was zero. In addition, electron
microscopy showed the adherence of bacteria to the gastric
mucosal samples taken from both group 1 and group 2 (Figure
2A and B). These bacteria were in spiral, bacillary or coccoid
shapes,and some of them had invaded into the gastric epithelial
cells. No similar bacterium adherence and invasion was
observed in the samples from control group.
Table 3 Tests of bacteria in gastric mucosa samples
Fast urease test

Adherence indexb
(Bacteria numbers per cell)

F44

F45

F49

F44

F45

F49

Spiral form

70.0±5.3

73.0±5.1

72.6±4.5

2.6±0.4

3.1±0.5

2.9±0.4

Coccoid form

30.2±3.5

35.7±4.1

31.4±4.0 0.86±0.3 0.91±0.3 0.88±0.4

12.3

11.2

12.8

7.2

7.8

7.4

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

P

D21

D28

Positive/total Positive rate(%)

D21

D28

1

16

7/8

8/8

93.8

7/8

7/8

87.5

2

16

4/8

4/8

50.0

5/8

6/8

68.8

Control 10

0/5

0/5

0

0/5

0/5

0

Group 1 was inoculated with spiral H. pylori, group 2 was inoculated with water-induced coccoid H. pylori, and control
group received sterile tap water.
Table 4 Scores for urease tests of tissue samples
Groups
1
2
Control
a

t value

Culture of bacterial

Group Total no. Positive/total Positive rate(%)

Table 2 Adherence of H.pylori to Hep-2 cells
Adherence rate (%)a
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Color development

Urease activity

-

+

++

+++

(mean score)

1a
8
10

5
7
0

7
1
0

3
0
0

1.75b
0.56
0

Numbers of mice; bRefers to text for scoring and calculation.

Adherence rate=amount of cells adhered by bacteria/
100 ×100 %; bAdherence index=total amount of bacteria adhering to 100 cells/100; Five groups of 100 cells on the same coverslip were counted for the bacteria adhered. Data are presented
as mean ±SD. t and P values were obtained using Student t test.
a

Coccoid H. pylori infection in mice
Baterial colonization H.pylori colonization in the gastric
mucosa of inoculated mice was determined by the urease assay
and bacterial culture of the of tissue samples. The bacterial
cultures were found to be characteristic of spiral H.pylori as
proved by the spiral shaped structure under light microscope,
the positive urease activity, and the positive amplification of
cagA gene fragments (data not shown). Data shown in Table 3
were the rates of positive findings in each group of mice. The
positive rates of urease test of gastric mucosa, which was
infected by spiral H.pylori and coccoid H.pylori, were 93.8 %
(15/16) and 50 %(8/16), respectively. The positive rates of
cultures of H.pylori were 87.5 %(14/16) and 68.8 %(11/16)
respectively. Neither urease assay nor bacterial culture was
found positive in the mice of the control group. Sampling at
Day 21 and Day 28 after inoculation found almost no difference
in both tests. In the semi-quantitative study, the color
development in fast urease assay was scored. The colors
distinguished at grades -, +, ++, and +++, which were associated
with the existence of the H. pylori in 0, 1-10,11-30, and >30
per microscope filed, respectively, according to the guide of

A

B
Figure 2 H.pylori colonization in mouse stomach under transmission electron microscope. A. infection of spiral Hp. ×7 000;
B. infection of coccoid Hp. ×9 000.
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Histolopathological alteration Inflammatory pathological
features were observed in both group1 and group 2 samples
under light microscope (Table 5 and Figure 3). Fifteen mice
of group 1 and ten mice of group 2 developed inflammatory
cell infiltration and different degrees of erosion or ulcer. The
frequency and intensity of the erosion in group 1 was higher
than in group 2. Two out of sixteen mice in group 1 even
developed mucosal ulcers. Mucosal injury was slighter in the
mice infected by coccoid H.pylori. None of these features was
found in the control group.

A

B
Figure 3 Light microscopy for gastric mucosa of mice.
H&E×200. A. infection of spiral Hp; B. infection of coccoid Hp.
Table 5 Pathogogical alterations of gastric mucosa from mice
Histopathological event (no. of mice)
Groupe

Normal

Gentle erosion

Deep erosion Ulcer

Total

1

1

7

6

2

16

2

6

9

1

0

16

Control

10

0

0

0

10

DISCUSSION
Increasing reports showed that H. pylori had been detected
from water by immunomagnetic separation, bacterial culture
or polymerase chain reaction (PCR) technique[22-27] and that
consumption of water was closely related to H.pylori
infection[14-16]. Water borne route is therefore thought to be an
important route of H. pylori transmission. H.pylori has been
found to be able to convert from spiral form to coccoid form
under certain adverse circumstances such as increased oxygen
tension, extended incubation and exposure to antibiotics or
water[17,28-32]. Some researches suggested that H. pylori in
coccoid form can survive the water for a long time. However,
it remains unknown whether coccoid H. pylori can attack and
colonize in stomach., resulting in the diseases of digestive
system. Going deep inside to the behavior of coccoid H. pylori

will thus be very beneficial to our understandings on the
transmission of H. pylori infection and its association with
many severe human diseases like gastritis, ulcer and peptic
carcinomas.
The putative pathogenic determinants of H.pylori have been
divided into two major groups[35]: maintenance factors, which
allow the bacterium to colonize and remain within the host,
and virulence factors, which contribute to the pathogenetic
effects of the bacterium. Flagella, urease activity and adherence
to epithelial cells of H.pylori are important maintenance
factors[34-37]. If coccoid H.pylori in water remains infective,
they must possess maintenance factors in order to colonize
and remain in stomach. In this study, it is shown that both
urease activity and adherence to Hep-2 cells of coccoid H.
pylori decreased as compared with the spiral forms, suggesting
a reduction of virulence related to colonization of H.pylori
when the transformation to coccoid form occurs. However, as
shown by the microbial assays, coccoid H.pylori induced by
water still remains a considerable urease activity and the
adhering ability to epithelial cells. Furthermore, the flagella,
an important component responsible for bacterial movement
and infection, were still observed as a cellular structure of
coccoid H.pylori under electron microscope. This adds to the
potential of in vivo infection of the coccoid H.pylori induced
by water.
In the animal experiments described here, some mice (10/
16) inoculated with water-induced coccoid H.pylori developed
significant pathological changes such as mucosal erosion and
inflammantory cell infiltration in gastrical mucosa, as were
shown by histopathological examinations. The evidences of
the coccoid H.pylori being the pathogen of the mucosal injury
were further provided by bacteriological examinations. In this
aspect, a 50 % positive rate and a considerable intensity of
urease test were detected in the mucosal samples of mice
inoculated with water-induced coccoid H.pylori, and the
positive H.pylori cultures of these samples reached a percentage
of 68.8 %. In addition, electron microscopy for these samples
showed the presence of spiral bacteria in gastric mucosa. All
these findings reveal the ability of water-induced coccoid H.
pylori in their colonization on mouse gastric wall and their
injury to the mucosal tissues.
It might be reasonably queried whether there still exists an
undetectable trace amount of spiral H.pylori among the huge
quantity of their coccoid variance, which could be intrinsically
responsible for the virulence and infectivity of the bacteria in
some studies including ours. The facts that the bacteria were
kept in in-nutritious water for up to 40 days and that the watertreated bacteria were assayed for in vitro virulence in real time,
eliminated the possibility of an expansion of the spiral
population or in-water reversion of the coccoid variance to its
spiral origins. The failure of the trial reversion in supplemented
Brucella medium further supported the concept of a direct
virulence of the coccoid H. pylori. Now that the spiral shaped
bacteria were observed in the mucosal tissues of mice
inoculated with coccoid H. pylori, it seemed that the reversion
took place in vivo. However, whether the reversion is a key
precondition for the infection remains unclear. In despite of
our ignorance in the process and mechanisms of the intertransformation of H.pylori, conclusions can be drawn from
our current study that water-induced coccoid form of H.pylori
remains virulent and infective to gastric wall in mice. Water
borne route transmission of H.pylori needs more attention.
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Abstract
AIM: To explore dysregulation of c-fos in several human
malignancies, and to further investigate the role of c-fos in
Helicobacter pylori (H. pylori)-induced gastric precancerosis.
METHODS: Four-week-old male Mongolian gerbils were
employed in the study. 0.5 mL 1×108 cfu·L-1 suspension of
H. pylori NCTC 11 637 in Brucella broth were inoculated
orally into 20 Mongolian gerbils. Another 20 gerbils were
inoculated with Brucella broth as controls. 10 of the infected
gerbils and 10 of the non- infected control gerbils were
sacrificed at 25 and 45 weeks after infection. The stomach
of each gerbil was removed and opened for macroscopic
observation. The expression of c-fos was analyzed by RTPCR and immunohistochemical studies in H. pylori-induced
gastric precancerosis of Mongolian gerbil. Half of each gastric
antrum mucosa was dissected for RNA isolation and RTPCR. β-actin was used as the housekeeping gene and
amplified with c-fos as contrast. PCR products of c-fos were
analyzed by gel image system and the level of c-fos was
reflected with the ratio of c-fos/β-actin. The immunostaining
for c-fos was conducted using monoclonal antibody of c-fos
and the StreptAvidin-Biotin-enzyme Complex kit.
RESULTS: H. pylori was constantly found in all infected
animals in this study. After infection of H. Pylori for 25 weeks,
ulcers were observed in the antral and the body of stomach
of 60 % infected animals (6/10). Histological examination
showed that all animals developed severe inflammation,
especially in the area close to ulcers, and multifocal lymphoid
follicles appeared in the lamina propria and submucosa. After
infection of H. Pylori for 45 weeks, severe atrophic gastritis
in all infected animals, intestinal metaplasia in 80 % infected
animals (8/10) and dysplasia in 60 % infected animals (6/
10) could be observed. C-fos mRNA levels were significantly
higher after infection of H. pylori for 25 weeks (1.84±0.79),
and for 45 weeks (1.59±0.37) than those in control-animals
(0.74±0.22, P<0.01). C-fos mRNA levels were increased
2.5-fold by 25th week (P<0.01) and 2.1-fold by 45th week
(P<0.01) in precancerosis induced by H. pylori, when
compared with normal gastric epithelium of Mongolian gerbil.
Immunohistochemical staining revealed exclusive nuclear
staining of c-fos. Furthermore, there was a sequential
increase in c-fos positive cells from normal epithelium to
precancerosis.

CONCLUSION: The study suggested that overexpression
of c-fos occurs relatively early in gastric tumorigenesis in
this precancerosis model induced by H. pylori.
Yang YL, Xu B, Song YG, Zhang WD. Overexpression of c-fos in
Helicobacter pylori-induced gastric precancerosis of Mongolian
gerbil. World J Gastroenterol 2003; 9(3): 521-524
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INTRODUCTION
H. pylori, a gram-negative spiral bacterium first isolated in
1982 from a patient with chronic active gastritis, is responsible
for a large portion of chronic gastritis and nearly all duodental
ulcers, most gastric ulcers, and probably an increased risk of
gastric adenocarcinoma[1-9]. More than 50 % of the adult
population are infected with H. pylori in developing countries
as well as in developed countries. Gastric cancer is a major
health problem[10] and remains the second most common cancer
in the world [11]. Although epidemiological studies have
indicated that H. pylori infection plays a crucial role in human
gastric carcinogenesis[12-25], there is no direct proof that H. pylori
is actually associated with gastric carcinogenesis[26]. The
purpose of this study was to elucidate the relationship between
H. pylori infection and gastric carcinogenesis by using an
animal model of long-term H. pylori infection, and to explore
the role played by c-fos in gastric tumorigenesis.
MATERIALS AND METHODS
Animals treatment
Four-week-old specific pathogen-free male Mongolian gerbils
weighing 20±5 g were employed in this study. They were
housed in individual metabolic cages in a temperature
conditioned room 23±2 with a 12 h light-dark cycle, allowed
to access to standard rat chow (provided by Experimental
Animal Center, First Military Medical University) and water
ad labium, and acclimatized to the surrounding for 7 days prior
to the experiments. H. pylori (NCTC 11 637) was obtained
from American Type Culture Collection and cultured on
Brucella agar plates containing 70 mL·L-1 goat blood in a
microaerobic condition (volume fraction, N2: 85 %, O2: 5 %,
CO2: 10 %, in aerobic globe box) at 37 for 3 days. The strain
was identified by morphology, Gram’s stain, urease production
and so on.
Experimental protocol
0.5 mL 1×108 cfu·L-1 suspension of H. pylori NCTC 11 637 in
Brucella broth were inoculated orally into 20 Mongolian gerbils
for 14 days continuously which had been fasted overnight.
Another 20 gerbils were inoculated with Brucella broth as
controls. 10 of the infected gerbils and 10 of the non- infected
control gerbils were sacrificed after infection for 25 and 45
weeks, respectively. The stomach of each animal was removed
and opened for macroscopic observation. Half of each gastric
antrum mucosa were dissected for RNA isolation. The rest of
the stomach samples were used for histological examination,
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which were fixed with neutral-buffered 100 mL·L-1 formalin
and processed by standard methods that embedded in paraffin,
sectioned and attained with haematoxylin for analyzing
histological changes, Giemsa stain for detecting for H. pylori
and Alcian blue (AB)/PAS stain for examining intestinal
metaplasia.

RNA isolation and RT-PCR analysiss
Using Tripure isolation reagent (Boehringer Mannheim,
Germany), total cellular RNA was isolated from previously
frozen tissues according to the manufacturer’s instruction. All
RNA samples were analyzed for integrity of 18s and 28s rRNA
by ethidium bromide staining of 0.5 µg RNA resolved by
electrophoresis on 12 g·L-1 agarose-formaldehyde gels. RTPCR analysis was performed as follows. RNA was incubated
at 60
for 10 min and chilled to 4
immediately before
being reverse transcribed. 1 µg of total RNA was reversely
transcripted using antisense primers in a volume of 20 µl for
40 min at 50 , containing 200 U MMLV reverse transcriptase,
1×buffer RT, 1 MU·L-1 Rnasin, 0.5 mmol·L-1 dNTPs of dATP,
dGTP, dCTP and dTTP and each antisense primers including
c-fos and β-actin at 0.2 µmol·L-1. The samples were heated to
99 for 5 min to terminate the reverse transcription reaction.
By using a Perkin-Elmer DNA Thermocycler 4 800 (PerkinElmer, Norwalk, CT), 5 µl cDNA mixture obtained from the
reverse transcription reaction was then amplified for c-fos and
β-actin. β-actin was used as the housekeeping gene and
amplified with c-fos as control. The amplification reaction
mixture consisted of 10×buffer 5 µl, 0.2 mmol·L-1 dNTPs of
dATP, dGTP, dCTP and dTTP, 2.5 U Taq DNA polymerase,
and sense and antisense primers at 0.2 µmol·L-1 in a final
volume of 50 µl. The reaction mixture was first heated at 94
for 2 min and amplification was carried out for 29 cycles at
94 for 0.5 min, 58 for 1 min, 70 for 1.5 min, followed
by an incubation for 7 min at 70 . The amplification cycles
was previously determined to keep amplification in the linear
range to avoid the “plateau effect” associated with increased
PCR cycles. The PCR primers were as following: c-fos, sense
5’-CAC GAC CAT GAT GTT CTC GG-3’ and antisense 5’AGT AGA TTG GCA ATC TCG GT-3’; β-actin, sense 5’CCA AGG CCA ACC GCG AGA AGA TGA C-3’ and antisense
5’-AGG GTA CAT GGT GGT GCC GCC AGA C-3’. PCR
products of c-fos and β-actin had 348 bp and 587 bp, respectively.
PCR products were run on a 15 g·L-1 agarose gel in 0.5×TBE
buffer and then analyzed by gel image analysis system. The
level of c-fos was reflected with the ratio of c-fos/β-actin.
Immunohistochemical staining
Four micrometers paraffin-embedded tissue sections were
deparaffinized and rehydrated. Endogenous peroxidase activity
was ablated with 10 mL·L-1 hydrogen peroxide in methanol.
The immunostaining for c-fos was conducted using the
StreptAvidin-Biotin-enzyme Complex kit (Boster, Wuhan).
Immunostaining by replacing primary antibody with PBS was
also conducted as a negative control. The staining was
evaluated semiquantitatively on the basis of the percentage of
positive cells, and classified as follows[27]: diffusely positive
(+++) when positive cells accounted for more than 70 % of
the total cells, partially positive (++) when positive cells were
35-70 %, partially positive (+) when positive cells accounted
for 5-35 %, and negative (-) when positive cells accounted for
less than 5 %.
Statistical analysis
Experimental results were analyzed with Chi-square Tests and
K-Related Samples Test by SPSS software. Statistical
significance was determined at P<0.05.

World J Gastroenterol

March 15, 2003 Volume 9 Number 3

RESULTS
Histopathological findings
H. pylori was detected in gastric antrum and gastric body of
all infected animals in this study, and more in gastric antrum
than that in gastric body. After infection of H. Pylori for 25
weeks, ulcers were observed in the gastric antrum and gastric
body in 60 % infected animals (6/10). Histological examination
showed that all infected animals developed severe
inflammation, especially in the area close to ulcers; multifocal
lymphoid follicles appeared in the lamina propria and
submucosa; and there were mild atrophic gastritis in all infected
animals. After infection of H. Pylori for 45 weeks, severe
atrophic gastritis in all infected animals, intestinal metaplasia
in 80 % infected animals (8/10) and dysplasia in 60 % infected
animals (6/10) could be observed. Those metaplastic glands
appeared more atypical than the surrounding nonmetaplastic
and hyperplastic glands. Severe atrophic gastritis, intestinal
metaplasia and dysplasia were gastric precancerosis. In the
uninfected animals, there were no significant changes
throughout the study.
Analysis of c-fos mRNA expression
There was c-fos mRNA expression in gastric antrum mucosa of
control-animals. C-fos mRNA levels were significantly higher
after infection of H. pylori for 25 weeks (1.84±0.79), and for 45
weeks (1.59±0.37) than that in control-animals (0.74±0.22,
P<0.01); C-fos mRNA levels were increased 2.5-fold in 25 weeks
(P<0.01) and 2.1-fold in 45 weeks (P<0.01) in precancerosis
induced by H. pylori, when compared with control gastric
epithelium of Mongolian gerbil (Figure 1-4).

348bp
587bp

500bp
1 000bp
1

2

3

Figure 1 RT-PCR products. Lane 1 PCR marker; Lane 2 c-fos;
Lane 3 β-actin.

c-fos
β-actin

Figure 2 RT-PCR analysis of c-fos mRNA levels using β-actin
as internal control. Total RNA was first reverse transcripted
into cDNA and then amplified by PCR in control.

c-fos
β-actin

Figure 3 RT-PCR analysis of c-fos mRNA levels using β-actin
as internal control after H. pylori infection for 25 weeks.
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c-fos
β-actin

Figure 4 RT-PCR analysis of c-fos mRNA levels using β-actin
as internal control after H. pylori infection for 45 weeks.

Immunohistochemical analysis of c-fos protein expression
Immunohistochemical analysis was performed to examine
whether increased c-fos mRNA expression were accompanied
by increased expression of c-fos protein. C-fos protein
expression lied in nuclei (Figure 5). C-fos protein expression
was evaluated significantly (P<0.01) in precancerosis induced
by H. pylori for 45 weeks, when compared with control gastric
epithelium of Mongolian gerbil (Table 1).
Table 1 Expression of c-fos by Immunohistochemical staining
Group

c-fos
n

-

+

++

+++

Positive/%

Control

10

10

0

0

0

0

Inf 25 weeks

10

8

2

0

0

20

Time 45 weeks

10

6

4

0

0

40a

a

P<0.01, vs Control.

Figure 5 Expression of c-fos after H. pylori infection for 25
weeks, immunohistochemistry staining (×400).

DISCUSSION
H. pylori infection is now known as a major cause of acute and
chronic active gastritis, peptic ulcer disease and atrophic gastritis
and is also considered as a risk factor in the incidence of gastric
adenocarcinoma and mucosa-associated lymphoma[1-8]. Chronic
colonization of the human stomach by the gram-negative spiral
bacterium H. pylori is associated with the development of
cancer in the distal portion of the stomach. Although there is
no direct proof that H. pylori is actually associated with gastric
carcinogenesis, epidemiological studies have indicated that H.
pylori infection plays an important role in human gastric
carcinogenesis. Because of this strong epidemiological
association, H. pylori is classified as a definite carcinogen
(group I) by the International Agency for Research on Cancer
(IRAC), a branch of the World Health Organization (WHO).
Many animals infected with human H. pylori have already been
studied to determine the pathogenetic background, but none
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of the models studied mimics human H. pylori infection and
subsequent pathology. Recently, two exprements were
conducted in Japan that demonstrated that chronic H. pyloriinfection models of Mongolian gerbils would develope gastric
carcinoma. These results will be extremely helpful to elucidate
the mechanism of gastric carcinogenesis due to H. pylori
infection[9-26]. Apoptosis, a programmed cell death, was ignored,
just like H. pylori, only to reappear recently. However, the
number of current publications dealing with apoptosis of H.
pylori has increased exponentially. Although gastric epithelial
apoptosis is a programmed physiological event in the
superficial aspect of the mucosa and is important for healthy
cell turnover, H. pylori infection reportedly promotes such a
cell death sequence[27,28]. Because apoptosis regulates the cycle
of cell turnover in balance with proliferation, dysregulation of
apoptosis or proliferation evoked by H. pylori colonization
would be linked to the gastric carcinogenesis[29-31].
C-fos is an immediate early response gene, and c-fos protein
is an important transcription-factor of nuclei[32-39]. Oncogene
c-fos is also a kind of effect protein of the karyomitosis signal,
which can trigger and regulate the transcription of the genes
related with proliferation. Besides, c-fos can also regulate its
own gene expression with a positive feedback and promote
the mitosis and proliferation of the cells. Because c-fos can
regulate cell proliferation and cell apoptosis, its abnormal
expression might induce cell turnover and carcinogenesis[40-46].
Previous studies have showed that the expression of oncogene
c-fos is closely related to cellular multiplication and
differentiation. The amplification and over-expression of cfos gene are associated with malignancy and tumorigenecity
of cells. Recently, some studies suggested that oncogene c-fos
was amplified in the primary tumor DNA[47-49]. Shirin et al
tested the hypothess that H. pylori might inhibit cell growth
and cell cycle progression by inhibiting signaling pathways
that mediate the transactivation of the serum-response element
in the c-fos promoter[27].
In this study, mRNA level of c-fos was measured by
quantitative RT-PCR analysis in Mongolian gerbil gastric
antrum mucosa to explore dysregulation of c-fos in
malignancies and to further investigate the role of c-fos in H.
pylori-induced gastric precancerosis. In addition, the
expression and localization of its protein product was analyzed
by immunohistochemical staining. C-fos mRNA levels were
significantly increased in precancerosis induced by H. pylori,
when compared with normal gastric epithelium of Mongolian
gerbil. Immunohistochemical staining revealed exclusive
nuclear staining of c-fos. Furthermore, there was a sequential
increase in c-fos positive cells from normal epithelium to
precancerosis. This study indicates that the expression of cfos mRNA and protein is increased from normal epithelium to
precancerosis. The dysregulation of c-fos expression occurre
relatively early in gastric tumorigenesis in this model and may
participate in tumor progression. These findings suggeste that
H. pylori- induced gastric precancerosis is associated with
dysregulation of gastric epithelial cell cycle. Further studies
are needed to delineate the mechanism of those alterations.
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Abstract
AIM: To study the occurrence of L-forms of H. pylori infection
in patients with peptic ulcers and its association with possible
changes of cellular immune function in the patients.
METHODS: Endoscopic biopsy specimens of gastric antrum
and gastric corpus were taken from 228 patients with peptic
ulcers and inoculated into Skirrow selective medium for H.
pylori vegetative forms and special medium for H. pylori Lforms, followed by bacterial isolation and identification. And
peripheral venous blood of the patients was taken to detect
the percentage of CD3+, CD4+ and CD8+ with biotin-streptavidin
(BSA) and the level of IL-2, IL-6 and IL-8 with ELISA.
RESULTS: (1) The detection rates of H. pylori L-forms and
vegetative forms in the patients were 50.88 % (116/228)
and 64.91 % (148/228) respectively, and the co-infection
rate of H. pylori L-forms and vegetative forms was 78.38 %
(116/148). To be more exact, the detection rates of H. pylori
L-forms in male and female patients were 57.04 % (77/
135) and 41.94 % (39/93) respectively, and statistics found
significant difference between them (P<0.05). Furthermore,
the detection rates of H. pylori L-forms in patients aged 14
years-, 30 years-, 40 years- and 50 years- were 31.91 %
(15/47), 42.86 % (24/56), 56.94 % (41/72) and 67.92 %
(36/53) respectively, and there was significant difference
between them (P<0.01). (2) The percentages of CD3+, CD4+,
CD8+, the ratio of CD4+/CD8+, and the level of IL-2, IL-6,
IL-8 in H. pylori-positive patients were (52.59±5.44) %,
(35.51±5.74) %, (27.77±8.64) %, (1.56±0.51), (2.66±0.47)
mg/L, (108.62±5.85) ng/L and (115.79±7.18) ng/L
respectively, compared with those in H. pylori-negative
patients, the percentages of CD3+, CD4+ and the ratio of
CD4+/CD8+ decreased, but the level of IL-2, IL-6 increased,
and the difference was significant (P<0.001-P<0.01).
Moreover, the percentages of CD3+, CD4+, CD8+, the ratio
of CD4+/CD8+, and the level of IL-2, IL-6, IL-8 in the patients
with mixed infection of both H. pylori L-forms and vegetative
forms were (51.69±5.28) %, (34.75±5.89) %, (27.15±7.45)
%, (1.48±0.47), (2.16±0.38) mg/L, (119.45±5.44) ng/L and
(123.64±6.24) ng/L respectively, compared with those in
patients with simple infection of H. pylori vegetative forms,
the percentage of CD4+, the ratio of CD4+/CD8+ and the
level of IL-2 increased, but the level of IL-6 and IL-8
decreased, statistical difference was found between them
(P<0.001-P<0.05).
CONCLUSION: L-forms variation often occurs in patients
with peptic ulcers who are infected by H. pylori, which is

commonly found in male patients and related to ages. The
L-forms variation of H. pylori can be an important factor
causing disorder of cellular immune function in the patients
with peptic ulcers who are infected by H. pylori.
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INTRODUCTION
Helicobacter pylori (H. pylori) is one of the commonest
bacteria causing chronic infection, which infects more than
50 % of the human population, and is associated with a range
of pathology, such as chronic gastritis, peptic ulcer and gastric
cancer[1-5]. And infection of Helicobacter pylori is life-long
that elicits a marked host inflammatory response. However,
natural infection fails to yield protective immunity[6].
H. pylori is a gram-negative, spiral and microaerophylic
bacterium that colonizes the gastric epithelium of humans[7]. It
causes chronic gastritis and, together with non-steroidal antiinflammatory drugs, is considered as the most frequent
etiologic agent of peptic ulcer[8-10]. After long-term treatment
with antibiotic, cell walls deficiency of H. pylori vegetative
forms occurs and H. pylori L-forms comes into being[11,12].
Whether in animal experiments or clinical studies, damages
induced by H. pylori were reported to be associated with Th1
cell-mediated immune response[13-15].
In order to confirm the occurrence of L-forms variation of
H. pylori vegetative forms and its association with possible
changes of cellular immune function in the patients, gastric
mucosa biopsy specimens were taken from 228 patients with
peptic ulcers randomly enrolled in this study to isolate and
identify H. pylori vegetative forms and L-forms, and T
lymphocyte subsets and the level of IL-2, IL-6 and IL-8 of the
patients were detected at the same time.
MATERIALS AND METHODS
Materials
Patients A total of 228 patients with peptic ulcer (gastric ulcers
66, duodenal ulcers 132, and complex ulcers of gastric and
duodenal 30) diagnosed in our affiliated hospital from August,
2000 to April 2002 were involved in this study. All of them
were except aged from 14 to 67 years, 135 male and 93 female,
other were eliminated for presence of other diseases.
Reagents H. pylori L- forms solid medium designed by Jia
JH was served in this study. Based on broth culture medium,
the medium consisted of peptone 1 %, tryptone1 %, glucose
0.1 %, yeast powder 0.2 %, D-methionine 0.02 %, NaCl 1.5 %,
MgSO4·7H2O, 15mM, agar 0.8 % and Caprine plasma 15 %
with the inducer of carbenicillin and made into pour plate.
BSA reagent for T lymphocyte subsets was provided by Jin’an
Medical Laboratory Institute in Shanghai, Separating medium
for Lymphocyte was supplied by The Second Biochemical
Reagent Factory in Shanghai (batch No. 011215), and the
test kit for IL-6 (batch No. 1006-32), IL8 (batch No.100825), IL-2 (batch No.1002-21) was offered by Besancon
Company in France.
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Methods
We used gastric antral and corporal biopsies for bacterial
culture, blood samples for detection of T lymphocyte subsets
and IL-2, IL-6, IL-8.
Bacteriological examination Endoscopic biopsies of gastric
antrum and gastric corpus were taken from 228 patients with
peptic ulcers and inoculated into Skirrow selective medium
for H. pylori vegetative forms and special medium for H. pylori
L-forms. Then the plates were incubated at 37
under
microaerobic conditions (5 % O2, 8 % H2, 7 % CO2 and 80 %
N2) for 72 hours. Based on the results of Gram staining, cell
morphology and positive reaction for urease, oxidase and
immunoenzyme staining,, the identification was carried out.
Detection of cellular immune function To investigate the
possible changes of cellular immune function in H. pyloriinfected individuals, including the patients infected by H. pylori
L-forms and vegetative forms, the level of CD3+, CD4+,
CD8+, CD4+/CD8+ and IL-2, IL-6, IL-8 in peripheral blood
of H. pylori-positive individuals were tested with biotinstreptavidin (BSA) method. Firstly, the peripheral venous blood
of the subjects was taken, anticoagulated with heparin, and
diluted with fluid free of Ca2+, Mg2+. Secondly, peripheral blood
mononuclear cells were separated with lymphocytes separating
medium, cleaned, and the number of cells was adjusted to (13)×109/L of which 10 µl was taken and smeared in an acidproof varnish circle on the surface of the slides. When it dried
naturally, McAb of anti-CD3+, anti-CD4+ and anti-CD8+ and
sheep anti-guineapig IgG, SA-HRP was added into the circle.
After development with DAB, the slides were observed under
microscope. Only brown cytomembrane staining was regarded
as positive, otherwise, as negative specimen. A total of 200
cells were counted, and the positive percentages of cells were
analyzed respectively. In addition, the level of IL-2, IL-6 and
IL-8 were detected by ELLISA following the procedure
detailed in the product description.
Statistical analysis
Data were expressed as mean ±standard deviation. And multiple
comparison tests were performed with χ2 test and t-test.
RESULTS
Bacteriological examination By endoscopic biopsy of gastric
mucosa, 116 out of all the 228 patients were detected to be
positive for both H. pylori vegetative forms and L-forms, and
32 (14.04 %) to be positive for vegetative forms only. The
detection rates of H. pylori L-forms and vegetative forms were
50.88 % (116/228) and 64.91 % (148/228) respectively. “Fried
Egg” colonies grew in the special medium for H. pylori Lforms after induction with carbenicillin. And the morphology
of H. pylori L-forms was highly variably seen on the smears
under microscopy, such as spheroid, coccoid form, big body,
elementary body, long filament body.
Relationship between infection of H. pylori L-forms and
gender as well as age of the patients with peptic ulcer The
detection rates of H. pylori L-forms and vegetative forms in the
patients were 50.88 % (116/228) and 64.91 % (148/228)
respectively, and among the vegetative forms of H. pyloripositive patients, it was 78.38 % (116/148) which was the coinfection rate of L-forms of H. pylori. To be more exact, the
detection rates of H. pylori L-forms in male and female patients
were 57.04 % (77/135) and 41.94 % (39/93) respectively, and
with statistically significant difference between them (P<0.05).
In addition, the detection rate of H. pylori L-forms was associated
with age. The detailed results were shown in Table 1.
Detection of cellular immune function Compared with the
percentages of CD3+, CD4+, CD8+, the ratio of CD4+/CD8+,
and the level of IL-2, IL-6 , IL-8 in H. pylori-negative patients,
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the percentages of CD3+, CD4+ and the ratio of CD4+/CD8+
decreased in H. pylori-positive patients, but the level of IL-2,
IL-6 increased. And compared with the percentages of CD3+,
CD4+, CD8+, the ratio of CD4+/CD8+, and the level of IL-2,
IL-6 , IL-8 in the patients only infected by vegetative forms of
H. pylori, the percentage of CD4+, the ratio of CD4+/CD8+
and the level of IL-2 increased in the patients not only infected
by L-forms of H. pylori but also the vegetative forms, but the
level of IL-6 and IL-8 decreased, statistical difference was
found between them (P<0.001-P<0.05). All of these were
shown in Table 2 and Table 3.
Table 1 Relationship between H. pylori L-forms and gender as
well as ages of the patients with peptic ulcer (n, %)
Age

Male

Female

Total

n

Detection
Rate (%)

n

Detection
Rate (%)

n

Detection
Rate (%)

14~

28

9 (32.14)

19

6 (31.58)

47

15 (31.91)b

30 ~

36

13 (36.11)

20

11 (55.00)

56

24 (42.86)b

40~

42

28 (66.67)

30

13 (43.33)

72

41 (56.94)b

50~

29

27 (93.10)

24

9 (37.50)

53

36 (67.92)b

135

77 (57.04)

93

39 (41.94)

228

116 (50.88)

Total
a

a

a

P<0.05, χ2=5.02; bP<0.01, χ2=15.43.

Table 2 Detection of the T lymphocyte subsets in 228 patients
with peptic ulcers
Group

n

CD3+ (%)

Hp(-)

80

65.72±9.38c

46.33±4.86d

29.83±7.39

Hp(+)

148

52.59±5.44c

35.51±5.74d

27.77±8.64

1.56±0.51e

32

55.87±6.23

38.27±6.43f

30.04±11.84

1.86±0.58

Hp(+)& 116
Hp-L(+)

51.69±5.28

34.75±5.89f

27.15±7.45

1.48±0.47

Total

57.20±6.43

39.31±5.18

28.49±7.86

1.61±0.466

Hp(+)&
Hp-L(-)

228

CD4+ (%)

CD8+ (%)

CD4+/CD8+ (%)
1.74±0.34e

c
P<0.001, t=13.38; dP<0.001, t=14.31; eP<0.01, t=2.82; fP<0.01,
t=2.93; gP<0.05, t=2.65.

Table 3 Detection of IL-2, IL-6, IL-8 in patients with peptic ulcers
Group

n

IL-2 (mg/L)

IL-6 (ng/L)

Hp(-)

80

7.24±0.65h

40.82±3.15i

Hp(+)

148

2.66±0.47

108.62±5.85

Hp(+)&Hp-L(-)

h

IL-8 (ng/L)
52.35±3.63j
i

115.79±7.18j

32

4.49±0.57k

69.35±6.51l

87.33±8.45m

Hp(+)&Hp-L(+) 116

2.16±0.38k

119.45±5.44l

123.64±6.24m

Total

4.27±0.52

84.83±4.73

93.53±5.68

228

h
P<0.001, t=61.14; iP<0.001, t=96.32; jP<0.001, t=74.03; kP<0.001,
t =27.30; lP<0.001, t =43.95; mP<0.001, t=26.86.

DISCUSSION
Helicobacter pylori is a gram-negative, spiral-shaped,
microaerophylic bacterium that colonizes the human gastric
epithelium but not cleared by the host immune response, which
can be found in approximately 50 % of the world’s population,
and which plays a causative role in peptic ulcer and perhaps
gastric cancer. As a matter of fact, it results in a release of
various bacterial and host dependent cytotoxic substances
including ammonia, platelet activating factor, cytotoxins and
lipopolysaccharides as well as cytokines such as interleukins
(IL)-1-12, tumor necrosis factor alpha (TNF-alpha), interferon
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gamma (INF-gamma) and reactive oxygen species [16-22].
Although the mucus layer is the major reservoir of H. pylori in
vivo, a growing body of evidence suggests that H. pylori can
persist in multiple intracellular sites[23]. And primary gastritis,
duodenitis, peptic ulcer are no longer considered to be disorders
of the balance of secretion of acid and immune responses of
the gastric mucosa, but it is thought to be caused by Helicobacter
pylori infection. Moreover, the chronic inflammatory response
associated with natural infection can contribute to tissue
damage and the pathogenesis of gastroduodenal disease[24-27].
In 1994, the connection of H. pylori to stomach cancer became
so certain that the World Health Organization International
Agency for Research in Cancer (IARC) classified it as a class
I carcinogen. So H. pylori became the first bacteria to be
connected with carcinogenesis[28-30].
Recurrence of H. pylori infection after successful dual or triple
therapy is fairly common, and gastroduodenal disease, gender,
and gastritis activity seem to affect relapse of infection[31,32]. Many
scholars believed that pleomorphic variation of the H. pylori is a
crucial factor to the occurrence and development of gastric
malignant tumor, and some detailed it to L-forms variation of H.
pylori that played an important role in prolongation and relapse
of peptic ulcer as well as chronic gastritis.
In this study, gastric mucosal biopsy specimens from 228
patients with peptic ulcers were inoculated into Skirrow
selective blood plate for H. pylori vegetative forms and special
plate for H. pylori L-forms. The experimental results showed
that 116 patients were infected with both H. pylori L-forms
and vegetative forms, but 32 patients were infected with H.
pylori only. This indicated that L-form variation of H. pylori
is common in patients with peptic ulcers related to H. pylori.
Under circumstances of gastric juice, bile, antibiotic and other
factors either in vitro or in vivo, many bacteria could come
into pleomorphic variation[33-36]. For example, in penicillinsusceptible bacteria, penicillin causes growth of a small fraction
of cells as wall-deficient forms if an appropriate osmo
protection is provided (unstable L-forms). According to some
scholar’s reports, H. pylori vegetative forms could turn into
H. pylori L-forms in the treatment of peptic ulcer with
antibacterial, so co-infection of H. pylori L-forms and
vegetative forms yields in some patients with H. pylori.
Following the loss of cell walls, the L-forms lose certain
components of antigen and become less antigenic, and with
increase of charge of the bacteria surface, which make it more
adhesive when cultivating in a liquid L-form medium.
Moreover, when condition is available, L-forms can revert to
typical vegetative forms, which may be an important factor
leading to deterioration and relapse of infection[33]. That is to
say H. pylori L-forms possess more adhesiveness, invasiveness
and risky. Therefore, co-infection of H. pylori vegetative forms
in extracellular and L-forms in intracellular can result in chronic
damage to the host cells.
In this study, the detection rates of H. pylori L-forms in
male and female were 57.04 % (77/135) and 41.94 % (39/93),
which were significantly different. This may be related to some
male habits, such as smoking, drinking, irregular diet, which
might damage gastric mucosa and change the gastric internal
environment[37-39]. In addition, H. pylori L-forms infection could
occur in different age groups and the positive rate of H. pylori
L-forms seemed to be related to the patients’ ages, as opportunities
of infection increase with time due to age, smoking, exposure
to antibacterial agents, eating habit, etc.
In recent years, cellular immune function of the patients
with H. pylori has been discussed very frequently. Rather than
providing protection, the chronic inflammatory response
associated with natural infection can contribute to tissue
damages and pathogenesis of gastroduodenal disease, including
atrophic gastritis, peptic ulcer, and gastric cancer. These
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immune responses are likely to attribute to a subset of T helper
lymphocyte, so-called Th1 cells, that enhance cell-mediated
immunity and induce damage to the gastric epithelium[13-15].
To investigate the reason for Th1 immune response caused by
H. pylori based on the variation of L forms, detection of T
lymphocyte subsets and the level of IL-2, IL-6, IL-8 in
peripheral blood of the patients were performed. The results
showed that in 148 H. pylori-positive patients, CD3+, CD4+,
CD4+/CD8 and IL-2 decreased, IL-6 and IL-8 increased, which
were significantly different from those in H. pylori-negative
(P<0.001, P<0.01). It indicated that H. pylori infection might
weaken the immune function of the host and cause a
predominant Th1 cellular response.
The results showed that among the 148 patients with H.
pylori vegetative forms, 116 were co-infected with H. pylori
L-forms. That is to say, only 32 patients were found with H.
pylori vegetative forms only. Therefore, the roles of H. pylori
L-forms in the change of immune function of the patients with
peptic ulcers are worthy of great awareness. Compared the T
lymphocyte subsets and the levels of IL-2, IL-6, IL-8 in patients
with H. pylori vegetative forms only and co-infection of H.
pylori vegetative forms and L-forms, the percentage of CD4+,
CD4+/CD8 and the level of IL-2 in the patients with coinfection were lower than those with vegetative forms infection
only, but the level of IL-6 and IL-8 was higher. As a conclusion,
H. pylori L-forms infection is related to disorder of the immune
function of the host, and may be one of the crucial factors
causing Th1 immune response. When infesting in the host cell,
H. pylori L-forms may be a pronounced inducer for Th1-type
CD4 (+) T cell response and decrease the percentage of CD4+
and the ratio of CD4+/CD8. Active CD4+-T cell may also
inhibit the activation of Th1 cells cytokine, and the outcome
of IL-2 is a risk factor of cellular immune response.
In addition, in this study, the levels of IL-6 and IL-8 in
peripheral blood of the patients increased significantly, which
is likely to be associated with ulceration inflammation, blood
macrophage stimulation and active secretion by the neutrophils
and vascular endothelial cells. Once attached to the gastric
epithelial cells, H. pylori incites an immune response
characterized by the increased pro-inflammatory cytokine of
IL-8, IL-12 and TNF-alpha. Activated inflammatory and
immunologically competent cells as neutrophils, lymphocytes,
monocytes, could release cytokine as IL-6, IL-8 and IFNgamma. As a result, the level of IL-6 and IL-8 in serum of the
patients increased[40].
To sum up, vegetative forms of H. pylori’s susceptibly
turning into L-forms is because of antibacterial agent and
alteration of gastric environment in patients with peptic ulcers,
and it is common for patients to be co-infected by both H.
pylori vegetative forms and L-forms. Once H. pylori L-forms
occurs, the morphology and microstructure of the organisms
change, to be exact, the cell walls of the L- forms are partly or
completely lost, the charge of the bacteria surface increases,
and the adherence and invasiveness of the bacteria become
more powerful. All of these make the pathogen invading into
intracellular compartment Mac easily, which can be an
important factor causing disordered cellular immune function
in the patients with peptic ulcers infected by H. pylori.
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Abstract
AIM: To investigate the inhibitive effect and its possible
mechanism of Cordyceps Sinensis (CS) on CCl4-plus ethanolinduced hepatic fibrogenesis in experimental rats.
METHODS: Rats were randomly allocated into a normal
control group, a model control group and a CS group. The
latter two groups were administered with CCl4 and ethanol
solution at the beginning of the experiment to induce hepatic
fibrosis. The CS group was also treated with CS 10 days
after the beginning of CCl4 and ethanol administration. All
control groups were given corresponding placebo at the same
time. At the end of the 9th week, rats in each group were
humanely sacrificed. Blood and tissue specimens were taken.
Biochemical, radioimmunological, immunohistochemical and
molecular biological examinations were used to determine
the level change of ALT, AST, HA, LN content in serum and
TGFβ1, PDGF, collagen I and III expression in tissue at either
protein or mRNA level or both of them.
RESULTS: As compared with the model control group,
serum ALT, AST, HA, and LN content levels were markedly
dropped in CS group (86.0±34.4 vs 224.3±178.9, 146.7±60.2
vs 272.6±130.1, 202.0±79.3 vs 316.5±94.1 and 50.4±3.0
vs 59.7±9.8, respectively, P<0.05). Tissue expression of
TGFβ1 and its mRNA, collagen I mRNA were also markedly
decreased (0.2±0.14 vs 1.73±1.40, 1.68±0.47 vs 3.17±1.17,
1.10±0.84 vs 2.64±1.40, respectively, P<0.05). More
dramatical drop could be seen in PDGF expression (0.87±0.43
vs 1.91±0.74, P<0.01). Although there was no statistical
significance, it was still strongly suggested that collagen III
mRNA expression was also decreased in CS group as
compared with model control group (0.36±0.27 vs 0.95±0.65,
P=0.0615). In this experiment, no significant change could
be found in PDGF mRNA expression between two groups
(0.35±0.34 vs 0.70±0.46, P>0.05).
CONCLUSION: Cordyceps sinensis could inhibit hepatic
fibrogenesis derived from chronic liver injury, retard the
development of cirrhosis, and notably ameliorate the liver
function. Its possible mechanism involves inhibiting TGFβ 1
expression, and thereby, down regulating PDGF expression,
preventing HSC activation and deposition of procollagen I
and III.
Liu YK, Shen W. Inhibitive effect of cordyceps sinensis on
experimental hepatic fibrosis and its possible mechanism. World
J Gastroenterol 2003; 9(3): 529-533
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INTRODUCTION
The incidence rate of chronic in China is high, which afflicts
the patients by progressively developing into irreversible
cirrhosis[1,2]. Hepatic fibrosis is the intermediate and crucial stage
of this process, characterized by reversibility. If treated properly
in this stage, cirrhosis could be successfully prevented[3].
Clinical observation and experimental data suggested that
liver fibrosis could be reabsorbed under certain conditions.
Chinese herbs, well known for their definite effectiveness,
cheap prices and negligible side effects, have particular
advantages in therapeutic research of hepatic fibrogenesis.
Several herbs were suggested recently by some reports to have
preventive effect on hepatic fibrosis[4-12], and cordycep sinensis
(CS) is one of them[4,5]. However, its exact effectiveness and
detailed mechanisms have not been elaborated. In this study,
we established the animal model of chronic liver injury-hepatic
fibrosis-cirrhosis, intervened with CS, and observed its
inhibitive effect. An array of indexes in protein and mRNA
levels was established in order to thoroughly investigate its
possible mechanism.
MATERIALS AND METHODS
Animals
Male Wistar rats weighing between 200 g and 300 g were
obtained from Experimental Animal Center of ChongQing
University of Medical Science, China. The rats were housed 3
or 4 per cage and subjected to 12-day/12-night cycle with
unrestrictive access to basic food. All animals were treated
humanely according to the national guideline for the care of
animals in the country.
Preparation for CS suspension
CS was purchased from Bao Ding Pharmaceutical Company,
China.
The CS and double-distilled water were mixed in proportion
of 1:3 and subject to full vibration.
Reagents
TGFβ1, PDGF, procollagen I and III RNA probe and detection
kit for in-situ hybridization were purchased from Boster
Biologic Technology Company, China. Anti- TGFβ 1
monoclonal antibody, anti-PDGF multiclonal antibody and its
detection kit for immunohistochemical assay were purchased
from Santa Cluz biologic technology Company, USA. Serum
ALT, AST, HA, and LN examinations were performed by the
Laboratory Department of Chong Qing University of Medical
Sciences, China.
Establishment of animal model: carbon tetrachloride (CCL4)plus-ethanol induced hepatic fibrosis
Sixty-six male Wista rats were randomly assigned to a normal
control group, a model control group and a CS group. At the
beginning of the experiment, rats in model control group and
CS group were subjected to hypodermic injection of (40 % in
bean oil) at a dose of 0.3 ml/100 g of body weight twice a
week. Besides, rats in these two groups also received 5 %
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ethanol solution as the only fluid to drink. Rats in normal
control group received hypodermic injection of bean oil at the
same dose and frequency as the other two groups and received
water ad libitum. Ten days after the CCL4 administration (for
3 times), CS group was given CS suspension orally at a dose
of 1 ml/100 g body weight daily. In the meantime, three rats in
model control group were randomly sacrificed to evaluate the
liver histological change at this moment while other rats along
with rats in normal control group were given saline orally at a
dose of 1 ml/100 g body weight daily. All the administrations
lasted 9 weeks.

Collection of specimens
At the end of the 9th week, rats in each group were humanely
sacrificed by amobarbital sodium anesthesia. Midline
laparotomy was performed. Livers were excised and blood was
collected through cardiopuncture.
Histological grading
Liver tissues were fixed in formalin and embedded in paraffin
blocks according to standard procedures (glass slide was
cleaned with 95 % ethanol, treated with APES solution and air
dried.) four to six micron thick tissue sections were cut using
microtome and applied to slides; And deparafinized in xylenes
using three changes for 5 minutes each. Hydrate sections
gradually passed through graded alcohols: washing in 100 %
ethanol twice, then 95 % ethanol twice for 10 minutes each;
and washing in deodorized water for 1 minute. Hemotoxylin
and eosin (HE) staining was performed according to the
standard procedure.
Fibro-proliferation degree of liver sections were graded
numerically based on the criterion described below: grade 0:
normal liver; grade 1: few collagen fibrils extend from the
central vein and portal tract; grade 2: collagen fibrils extension
are obvious but do not encompass the whole lobule; grade 3:
collagen fibrils extend and encompass the whole lobule; grade
4: collagen fibrils extend and separate lobule into pseudolobule, but mainly shaped in square form; and grade 5: pseudolobule shaped mainly in circle form.
Two pathologists who had no knowledge of their sources
and each other’s assessment examined stained slide
independently.
Immunohistochemistry
Liver tissues were fixed in formalin and embedded in paraffin
blocks according to standard procedures. Glass slide was
cleaned with 95 % ethanol, treated with subbing solution and
air-dried. Tissue sections of 4-6 micron thick were cut using
microtome and applied to slides; and deparafinized in xylenes
using three changes for 5 minutes each. Hydrate sections
gradually through graded alcohols: washing in 100 % ethanol
twice, then 95 % ethanol twice for 10 minutes each; and
washing in deironized water for 1 minutes. Incubate sections
for 15 minutes in 0.1 % pepsin at room temperature to expose
the antigen masked by formalin fixation and paraffin
embedding. Incubate sections with 3 % H2O2 and normal nonimmunal goat serum for 10 minutes respectively to inactivate
endogeneous peroxidase and biotin; incubate sections with
primary antibody overnight at 4 . Optimal antibody
concentration was determined previously. Wash with three
changes of PBS for 5 minutes each. Incubate for 20 minutes
with biotin-conjugated secondary antibody and avidin biotin
enzyme reagent respectively. Wash with three changes of PBS
for 5 minutes each. Incubate in peroxidase substrate for 5
minutes, after that dehydrate through alcohols and xylenes.
Immediately add 1-2 drops of permanent mounting medium
and covered with glass coverlip.
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In situ hybridization
The sequence of RNA probe is as follows:
1. TGFβ1mRNA
(1) 5’-CGTTT CACCA GCTCC ATGTC GATGG TGTTG CAGGT-3’
(2) 5’-CTTGA TTTTA ATCTC TGCAA GCGCA GCTCT GCACG-3’
(3) 5’-TTGGT ATCCA GGGCT CTCCG GTGCC GTGAG CTGTG-3’

2. PDGF mRNA
(1) 5’-CTCGG CTTCC TCGGC CAGAA CATGG GCGAG GTATC-3’
(2) 5’-AACCT CACCT GGACT TCTTT CAATT TTGGC TTCTT-3’
(3) 5’-TTGCA CTCGG CGATC ATGGC CGGCT CAGCA ATGGT-3’
(4) 5’-GGCTC CAAGG GTCTC CTTCA GTGCC GTCTT GTCAT-3’

3. Col-I mRNA
(1) 5’-CACAG ATCAC GTCAT CGCAC AACAC CTTGC CGTTG-3’
(2) 5’-AGCTT CACCG GGACG ACCAG CTTCA CCAGG AGATC-3’
(3) 5’-TCACT CCTTC TACAT TATAT TCAAA CTGGC PGCCA-3’

4. Col-III mRNA
(1) 5’-ATTAA CAGAC TTGAG TGAAG TCATA ATCTC ATCGG-3’
(2) 5’-AGAAT ACAAT CTGTG TTTCT GACCA GGTGA GGTAG-3’
(3) 5’-GAAGG AGGAG AATCC CGTGG CATGC CAATG AATCT-3’

In situ hybridization was performed as described elsewhere.
Briefly, formalin-fixed and paraffin-embedded liver section
slides were pretreated by incubation with 0.1 % pepsin, 3 %
H2O2 and normal non-immunal bovine serum for 10-15 minutes
respectively to expose signals masked by formalin fixation and
paraffin embedding and inactivate endogeneous peroxidase and
biotin. Antisense RNA probe was then added to the sections and
incubated together in humidified chamber overnight at 37 .
After washing with three changes of 2×standard saline citrate
(SSC) and 0.2×SSC for 10 minutes each, the sections were
subject to incubation with biotin-conjugated secondary antibody
and avidin biotin enzyme reagent respectively. Wash with three
changes of PBS for 5 minutes each, incubate in peroxidase
substrate for 20 minutes, and dehydrate through alcohols and
xylenes. One to two drops of permanent mounting medium were
immediately added and covered with glass coverlip.

Semiquantitative image analysis
Computer morphometry (CM-2000B Medical Image Analysis
Software, Beijing Medical Software Company, China) was
used to quantify the optical density of the signal generated by
the immunohistochemical and in situ hybridization
examination. The exact method is described as follows: The
video image was generated with a video camera and digitalized
for image analysis at 256 gray levels. An optical threshold and
filter combination was set to select positive stains. The structure
of interest was discriminated automatically by computer and
measured for its optical intensity and total area. Staining index
was obtained by multiplying the quantified number of optical
intensity and total area.
Statistical analysis
Data were analyzed with SAS software. Quantitative data were
presented as means ±SD and were compared using t test procedure.
Frequency data were compared using NPAR1WAY procedure.
RESULTS
CS inhibits fibril deposition and ameliorates liver function of
chronic hepatitis
After 10 days (3 times) of CCL4 administration, rats suffered
hepatocyte lipoid degeneration, narcosis, and inflammatory
cells infiltration, which fulfilled the diagnostic standard for
chronic hepatitis.
Specimens from model control group showed apparent
formation of fibrotic septa, encompassing regenerated
hepatocytes into pseudo-lobules. Regenerated hepatocytes
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underwent severe lipraoid degeneration. Specimens from CS
group showed only slight fibrogenesis without pseudo-lobule
formation.
Although statistical analysis failed to present any significant
disparity between quantitative data of histological grading of
the two groups, it still indicated that fibrogenesis of CS group
was much less severe than that of model control group (Table
1). Compared with model control group, serum contents of
HA and LN in CS group were markedly decreased (P<0.05),
which indicates from another perspective that CS could inhibit
hepatic fibrogenesis (Table 2).
Serum contents of ALT and AST in model control group
were significantly elevated compared with both normal control
and CS groups. However, there was no significant statistical
difference between normal control and CS groups (P>0.05), which
showed that CS could notably ameliorate liver function(Table 2).

CS reduces procollagen I and III mRNA synthesis
Procollagen I and III mRNA synthesis level in liver tissues
were determined by in situ hybridization and quantified by
computer image analyzing system. Positive staining could only
be seen at central vein and periportal areas in normal control
group. As the model control and CS groups, positive stains
were distributed mainly along fibrotic septa other than central
vein and periportal areas.
Compared with model control group, staining index of CS
group remarkably dropped (P<0.05), which suggested that
procollagen I mRNA synthesis was strongly inhibited by CS
treatment. On the part of procollagen III, despite that there was
no significant difference between the two groups, it was also
reasonably suggested that CS could inhibit the synthesis of
procollagen III mRNA on the consideration of P value (0.0695)
(Table 3).
CS reduces TGFβ 1 expression
TGFβ1 expression in protein and mRNA level were determined
by immunohistochemistry and in situ hybridization, respectively.
Positive stains were quantified with computer image analyzing
system. For the sections of normal control group, positive
staining of TGFβ1 and its mRNA was found at central vein and
periportal areas. In the sections of model control group and CS
group, positive staining could be seen at interstitial cells,
inflammatory cells, impaired hepatocytes as well as normal
hepatocytes. Fibrotic septa were only slightly stained. TGFβ1
mRNA positive stain distribution was not completely consistent
with that of TGFβ1. More stain was found at fibrotic septa and
less at impaired and normal hepatocytes.
Compared with model control group, the staining index of
both TGFβ 1 and TGFβ 1mRNA in CS group was markedly
decreased (P<0.05, respectively), indicating that CS could inhibit
TGFβ1 mRNA transcription and, thereby, reducing the TGFβ1
expression (Table 3).
CS reduces PDGF expression
PDGF expression in protein and mRNA level was determined,
like TGFβ1, by immunohistochemistry and in situ hybridization
respectively. Positive staining was quantified with computer
image analyzing system. For the sections of normal control
group, positive stains of PDGF and its mRNA could be seen at
central vein and periportal areas. In the sections of model
control group and CS group, positive stains mainly appeared
at fibrotic septa.
PDGF expression in CS group dropped dramatically
compared with model control group (P<0.01). But for PDGF
mRNA, there was no significant difference by statistical analysis.
In spite of this, the means of two groups still suggested difference.
To make sure of this, further studies are needed (Table 3).
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Table 1 Histological grading
Group

Grade
0

1

2

Model

3

1

CS

4

5

Normal

a

3

4

5

2

2

2a

6

7
ab

P<0.05 vs normal control group, bP<0.05 vs model control group.

Table 2 Serum content of HA, LN, ALT and AST (x±s)
Groups

HA (µg/L)

LN (µg/L)

ALT (U/L)

Normal

142.4±51.0

41.6 ±2.2

63.6±11.9

Model

316.5±94.1

59.7±9.8

a

224.3±178. 9

272.6±130.1a

CS

202.0±79.3

50.4±3.0

ab

86.0±34.4

146.7±60.2b

a

a
ab

AST(U/L)
108.6±27.7
a

b

P<0.05 vs normal control group, bP<0.05 vs model control group.

Table 3 Staining index of procollagen I, III mRNA, TGFβ 1,
TGFβ1 mRNA, PDGF and PDGF mRNA in liver tissues (x±s)
Groups ProcolI
mRNA

ProcolIII
mRNA

TGFβ1

TGF1
mRNA

PDGF

PDGF
mRNA

Model

2.64±1.40

0.95±0.65

1.73±1.40

3.17±1.17

1.91±0.74

0.70±0.46

CS

1.10±0.84a

0.36±0.27c

0.2±0.14a

1.68±0.47a 0.87±0.43b

0.35±0.34c

a

P<0.05, bP<0.01, and cP>0.05, vs model control group.

DISCUSSION
In this study, we demonstrated that CS could inhibit hepatic
fibrogenesis and retard the development of cirrhosis by
evaluating histological grading and serum contents of HA and
LN. Its possible mechanism involves inhibiting the synthesis
of TGFβ1mRNA and thereby downregulating the expression of
TGFβ1 and PDGF, reducing the deposition of collagen I and III.
CS is a type of traditional Chinese tonic that has already
been demonstrated by modern pharmacological researches to
have extensively positive effect on a few systems of human
body[13-19]. Recently, some reports suggested that this herb might
also have preventive effect on hepatic fibrosis[4,5]. But the real
effect and mechanisms have not been elaborated. This study
was designed to evaluate its exact effect on hepatic fibrosis
and to investigate its possible mechanism.
Various kinds of chronic liver injury widely spread all over
the world and afflicted patients greatly. Effective ways to inhibit
fibrogenesis and prevent the development of cirrhosis are of
great clinical and academic significance. Although many new
agents were being tested, no satisfactory agent with ascertained
effectiveness and negligible side effects has appeared as yet.
Traditional Chinese herbs were well known for their cheap
prices and negligible side effects. Exploration in this area is
promising.
We started to treat the rats with CS after 10 days of CCL4
administration. Pathological evaluation showed that rats
suffered chronic liver injury in this moment. CS treatment
based on this disorder presented its inhibitive effect on
preventing the development of cirrhosis. HA and LN are good
serum markers of hepatic fibrogenesis[20]. In this study, serum
contents of HA and LN in CS group markedly dropped
compared with model control group, which indicates that CS
could successfully prevent hepatic fibrogenesis. Histological
grading also supported this conclusion.
To address the ways in which this herb yielded in a
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significant reduction in fibrosis, we investigated the effect of
CS treatment in the expression of TGFβ1 as well as its mRNA.
Overexpression of this cytokine was associated closely with
fibrogenesis in many ways [21-25]. It can promote HSC to
synthesize collagen I and III, and simultaneously inhibit their
decomposition by upregulating the expression of Tissue
Inhibitor of Metalproteinase (TIMP), which neutralize the
activity of Matrix Metalproteinase (MMP)[26-28], an important
degrading enzyme of collagen I and III. In addition, TGFβ 1
could also indirectly promote the HSC proliferation by
enhancing the expression of PDGF and its receptor[21]. One
strategy in the development of antifibrotic drug is the
exploration of TGFβ1 inhibitors[21]. Because TGFβ1 expression
was regulated by diverse factors in transcription, posttranscription, secretion and releasing levels, the expression of
its protein and mRNA varied considerably[22]. Consequently,
analyses in two levels were indispensable. In this study, we
determined the expression of this cytokine by
immunohistochemistry and in situ hybridization to investigate
the effect of CS on TGFβ 1 expression in the both levels. The
results showed that both TGFβ 1 and its mRNA expression
remarkably decreased in CS group, indicating that CS could
downregulate the expression of this important cytokine, which
possibly contributed to the reduction of fibrosis.
PDGF is another important cytokine that influences the
development of fibrosis. According to the previous reports[29-33],
it is the most potent HSC-proliferation promoter, which plays
an important role in fibrogenesis. In spite of its earlier
identification and isolation, few pharmacological studies
observed the effect of the potential agents on this cytokine. In
this study, we initially observed the change of this cytokine
responding to CS treatment. Compared with model control
group, PDGF expression level in protein of CS group
dramatically dropped, indicating that CS could inhibit the
PDGF expression. Statistical analysis showed no significant
difference of PDGFmRNA expression between the two groups.
Whether CS exerts inhibitive effect on PDGF expression in
mRNA or directly in protein still remains unclear. Further
studies are needed to elucidate the detailed mechanisms.
Pathological feature of hepatic fibrosis is the excessive
deposition of ECM components [34-36]. As the medium of
parenchyma cells, constancy of ECM component is essential
to the maintenance of liver function. Changes of proportion of
ECM components, and the change of their quantities, cause
the damage of hepatocytes and the deterioration of liver
function. Syntheses of Collagen I and III increase greatly when
fibrogenesis occurs, which are mainly responsible for the
adverse effects brought about by ECM. As a result, Collagen I
and III overshadow other components and become the most
important ECM in the development of fibrosis. After nine weeks
of CS treatment, expression of procollagen I and III decreased.
On one hand, this result further manifests that CS has inhibitive
effects on fibrosis; on the other hand, it might be one of the
possible explanations for the amelioration of liver function.
CS is a cheap and widely available herb that is well tolerated
and has been used for centuries in traditional Chinese medicine
without any side effect reported. In this study, we demonstrated
that, administered at the stage of chronic hepatitis, CS could
successfully inhibit hepatic fibrogenesis and retard the
development of cirrhosis. Moreover, it can strikingly ameliorate
the liver function. Therefore, we suggest that this herb should
serve as a promising antifibrotic agent and deserves further
investigations.
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Abstract
AIM: To investigate the effects of cisapride on intestinal
bacterial overgrowth (IBO), bacterial and endotoxin
translocation, intestinal transit and permeability in cirrhotic
rats.
METHODS: All animals were assessed with variables
including bacterial and endotoxin translocation, intestinal
bacterial overgrowth, intestinal transit and permeability.
Bacterial translocation (BT) was assessed by bacterial culture
of MLN, liver and spleen, IBO by a jejunal bacterial count of
the specific organism, intestinal permeability by
determination of the 24-hour urinary 99mTc-DTPA excretion
and intestinal transit by measurement of the distribution of
51
Cr in the intestine.
RESULTS: Bacterial translocation (BT) and IBO was found
in 48 % and 80 % cirrhotic rats respectively and none in
control rats. Urinary excretion of 99mTc-DTPA in cirrhotic rats
with BT (22.2±7.8) was greater than these without BT
(10.5±2.9). Intestinal transit (geometric center ratio) was
significantly delayed in cirrhotic rats (0.31±0.06) and further
more delayed in cirrhotic rats with BT (0.24±0.06) than these
without BT (0.38±0.11). Cirrhotic rats with IBO had
significantly higher rates of intestinal bacterial and endotoxin
translocation, slower intestinal transit time and higher
intestinal permeability than those without IBO. It was also
found that BT was closely associated with IBO and the injury
of intestinal barrier. Compared with the placebo group,
cisapride-treated rats had lower rates of bacterial/endotoxin
translocation and IBO, which was closely associated with
increased intestinal transit and improved intestinal
permeability by cisapride.
CONCLUSION: These results indicate that endotoxin and
bacterial translocation in cirrhotic rats may be attributed to
IBO and increased intestinal permeability. Cisapride that
accelerates intestinal transit and improve intestinal
permeability might be helpful in preventing intestinal bacterial
and endotoxin translocation.
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INTRODUCTION
Cirrhotic patients have an increasing susceptibility to bacterial
infection, such as spontaneous bacterial peritonitis (SBP) and
bacteremia, which are mainly caused by aerobic gram-negative
organism of enteric origin[1,2]. Bacteria of enteric origin crossing
the intestinal barrier to the mesenteric lymph nodes (MLN), a
phenomenon known as bacterial translocation (BT) has recently
been documented to occur commonly in cirrhotic rats compared
to normal rats. BT has also been reported to be involved in the
development of SBP in experimental models of ascitic
cirrhosis [3-5]. The major mechanisms concerning bacterial
translocation are deficiencies in local host immune defense,
increased permeability of gut barrier and intestinal bacterial
overgrowth (IBO). Certain pathological conditions such as
shock, sepsis, trauma, burns, intestinal radiation, antibiotic
overdose, malnutrition and immuno-suppression are closely
related to BT and endotoxemia [6-8]. Although it has been showed
that several mechanisms are involved in development of BT
in liver cirrhosis[9-13], the increased intestinal permeability and
IBO due to intestinal mucous membrane congestion and edema
attributed to portal hypertension are considered the most
important[13,14]. However, so far there have been not satisfied
methods for prevention and treatment of intestinal endotoxemia.
Strategies to reduce the intestinal bacterial translocation (BT)
and endotoxemia in patients and experimental models of
cirrhosis have mainly focused on the selective intestinal
decontamination [15,16]. In this way the effectiveness of
alternative antibiotics might be decreased with time because
of the selection of resistant bacterial strains that could
subsequently colonize the gut and become a potential source
of infection, especially in patients with long-time prophylactic
treatment. So nonantibiotic drugs are needed to be evaluated
in the treatment and prevention of bacterial and endotoxin
translocation in cirrhosis and decided whether or not to to be
applied to the clinical practice[17] .
Cisapride is a 5-HT 4 agonist that can accelerate the
movement of the intestine. Many studies have reported that
the intestinal bacterial and endotoxin translocation were closely
related to IBO and intestinal hypomotility.
In this study we intend to study the effect of cisapride on
intestinal transit and the permeability of gut barrier, two factors
that are closely associated with intestinal bacterial and
endotoxin translocation in cirrhotic rats.
MATERIALS AND METHODS
One hundred and sixty male Sprague-Dawley rats weighing
180-200 g were included in the study. Animals were caged in
with a 12-hour light/
a controlled room temperature of 21
dark cycle and fed standard rat diet with water ad libitum. The
study was in accordance with guideline for animal research
and was approved by the ethical and research committee of
the hospital.
Cirrhotic animal model
Cirrhosis was induced in one hundred and thirty-five rats by
subcutaneous injection of 50 % CCl4-olive oil solution twice
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a week at an initial dose of 0.6 ml/100 g. Subsequent dosage
was adjusted with body weight changes at a dose of 0.3 ml/
100 g for 12 weeks. Seventy rats died during the induction of
cirrhosis with a mortality of 50 % on average. At last sixtyfive cirrhotic rats were used for further study.

Experimental design
25 rats were assigned as healthy controls (group 1). 65 cirrhotic
rats were further divided into three groups. Group 2, which
included 25 cirrhotic animals without any treatment, was used
to study various parameter changes in cirrhosis. Group 3 was
consisted of 20 cirrhotic animals with intragastric administration
of cisapride suspension for two weeks and used to determine
whether cisapride had effects on BT, endotoxemia, IBO,
intestinal transit and intestinal permeability. Another 20
cirrhotic animals receiving equal volume of saline to cisapride
suspension were named group 4 and used as cirrhotic controls.
Determination of parameters
Animals were fasted for 8 hours before killed. All experimental
procedures were performed in sterile conditions. The animals
were anesthetized by injection of 2 % pento-barbital natrium
into abdominal cavity at a dose of 25-40 mg/kg. At the first day
of experiment the rats were fed 5 µci of 99mTc-diethylenetriamine
pentaacetic acid (99m Tc-DTPA) (dissolved in 2 ml water) and
housed individually in metabolic cages to collect 24-hour urine
for further analysis. At the second day, after another 8-hour
fasting animals were given 2 ml water containing 2 µci of 51Cr
through a gastric tube. Thirty minutes later animals were
anesthetized and undergone a laparotomy under strict aseptic
conditions. After small intestine was ligated at both ends MLN,
liver, spleen and intestine were carefully removed out of the
cavity. Blood samples were taken from the inferior vena cava.
Intestinal permeability
Intestinal permeability was determined by the 24-hour urinary
excretion of 99mTc-DTPA. Results were expressed as fractional
excretion of the radioactive substance. 99mTc-DTPA was a
macromolecule and rarely absorbed into bloodstream through
intestinal mucous membrane. When the intestinal permeability
was increased as a result of intestinal mucous membrane injury,
The absorption of DTPA into blood stream and thus excretion
from urine would be increased. Therefore, increased excretion
of DTPA from urine was assumed to be reliable index of
intestinal permeability[18, 19].
Intestinal transit
Measurement of intestinal transit by determining the distribution
of 51Cr in the intestine was performed in all animals[20-22]. Special
care was taken to prevent movement of intestinal contents in
experimental procedures. After separated from the mesentery
intestine was removed out of the abdominal cavity, put
longitudinally in a moist container and then divided by the
ligation of threads into 5-cm segments from orad to aborad.
The radioactivity of every segment was measured with gammascintillation. Intestinal transit was expressed as the geometric
center of 51Cr distribution within the intestine and was
calculated as the sum of the products of the fraction of the
total administered dose of radioactivity per segment and the
segment number. The geometric center were divided by the
total number of segments of each rat to correct the difference
in the length of intestine and finally expressed as geometric
center ratio, which was regarded to be the most accurate method
for measurement of intestinal transit.
BT studies
BT from the intestinal lumen was defined on the basis of
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positive culture of MLNs (particularly those draining lymph
from ileum and cecum), liver, spleen and blood and excluding
the infection from other possible sources. All the samples were
immediately stored at -70 until detection. MLNs, liver and
spleen were washed free of blood with sterile saline solutions
(SS) and made 10 % tissue-slurry (1 g tissue plus 10 ml sterile
SS), then immediately cultured in agar-blood medium plates.

IBO studies
IBO was defined as a jejunal bacterial count of the specific
organism that was more than the mean plus two standard
deviations of the same organism count in control rats. For the
determination of IBO, 0.1 ml of jejunal contents were obtained
under aseptic conditions by needle puncture. Then 20 µl of
samples that were diluted 100 or 1 000 folds respectively were
cultured in blood-agar plates. After an incubation period of
24-48 hours, the number of colony-forming units (CFUs) was
counted. Moreover, the composition of the isolated flora was
determined with standard identification techniques. The results
were expressed as CFU/ml of jejunal contents.
Determination of serum endotoxin
All the blood specimens for the endotoxin determination were
stored in endotoxin-free tubes. The serum was separated by
8 000 g 10 min. Serum level of endotoxin was determined by
limulus ameobatic lysate (LAL) test with LAL kits (purchased
from Shanghai medical-chemical institute).
Statistical analysis
Data are presented as means ±SD or proportions as required.
Comparisons of quantitative variables among groups were made
with the 1-way ANOVA or its corresponding nonparametric
test as required. The χ2 test was used for comparing proportion.
The Spearman or Pearson test was used for correlation analyses
when appropriate. A P value of <0.05 was considered
statistically significant.
RESULTS
BT was found in 12 of 25(48 %) cirrhotic rats and none in control
rats (Table 1, P<0.01). IBO was present in 20 of 25 cirrhotic
rats (80 %) and none in the control rats. All the 12 cirrhotic rats
with BT and 63 % of 13 cirrhotic rats without BT were found
having IBO (Table 2). The translocated bacteria were Escherichia
coli in 10 cirrhotic rats and Klebsiella P. and Enterococus in
other two rats respectively. The same organism was always found
at the same time both in BT and IBO. (Table 3).
BT was observed in 11 of the 20 rats with IBO and in only
one of the five rats without IBO (55 % vs 20 %, P<0.05) (Figure
1). Endotoxin level was measured in the blood of inferior vena
cava of all animals and higher endotoxin level was found in
cirrhotic rats. Animals with BT or IBO have higher blood
endotoxin level than that without. Intestinal transit was
significantly delayed in cirrhotic rats and much more delayed in
that with BT. This may result from IBO because cirrhotic rats
with IBO have more delayed intestinal transit than that without.
Urinary 99mTc-DTPA excretion was greatly increased in
cirrhotic rats than that of their controls. Although the urinary
99m
Tc-DTPA excretion in cirrhotic rats with IBO was more
than that without the difference was not significant. Similarly
urinary 99mTc-DTPA excretion in cirrhotic rats with BT was more
than that without. All of these showed that severer impairment
of mucous membrane barrier that had occurred in cirrhotic rats,
which might be the key factor to promote occurrence of BT.
The mortality of rats was similar in both cisapride and
placebo-treated animals. BT was present in 1 of the 20 cirrhotic
rats treated with cisapride and in 11 of the 20 rats receiving
placebo (5 % vs 58 %, P<0.01). IBO incidence in cirrhotic rats
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receiving cisapride suspension was lower than that treated with
placebo. Lower serum endotoxin level and faster intestinal
transit was found in cirrhotic rats with cisapride treatment than
that in the placebo group. (Table 4) Intestinal permeability as
showed by the urinary 99mTc-DTPA excretion was reduced
significantly after cisapride treatment.
Table 1 Characteristics of control and cirrhotic rats
Control rats
Number of animal
IBO(%)
Total jejunal bacteria contents
(CFU/ml)
Bacterial translocation(%)
Endotoxin level(pg/ml)
Intestinal transit
(geometric center ratio)
Intestinal permeability
(%urinary excretionof 99mTc-DTPA)
b

Cirrhotic rats

25
0
0.54±0.18

25
20/25(80%)b
1.59±0.48b

0
0.11±0.058
0.49±0.08

12/25(48%)b
0.648±0.134b
0.31±0.06a

1.62±0.8

16.1±7.6

b

P<0.01 vs control rats; aP<0.05 vs control rats.

Table 2 Characteristics of Cirrhotic rats with and without BT
Cirrhotic rats
with BT
Number of animal
IBO(%)
Total jejunal bacteria contents
(CFU/ml)
Endotoxin level(pg/ml)
Intestinal transit
(geometric center ratio)
Intestinal permeability
(%urinary excretion of 99mTc-DTPA)

Cirrhotic rats
without BT

12
100%
2.61±0.56

13
63%a
0.65±0.12b

0.873±0.137
0.24±0.06

0.440±0.108b
0.38±0.11a

22.2±7.8

10.5±2.9b

Number of animal
Bacterial translocation (%)
IBO(%)
Total jejunal bacteria contents
(CFU/ml)
Endotoxin level(pg/ml)
Intestinal transit
(geometric center ratio)
Intestinal permeability
(%urinary excretion of 99mTc-DTPA)
b

No. Mesenteric
lymph nodes

Liver

Spleen

Blood

Intestinal bacterial
overgrowth

1

E.coli

E.coli

E.coli

-

E.coli

2

E.coli

E.coli

E.coli

E.coli

E.coli

3

E.coli

E.coli

E.coli

E.coli

E.coli
E.faecalis

4

E.coli

E.coli

E.coli

E.coli

E.coli

5

-

E.coli

-

-

E.coli

E.coli

E.coli

-

-

E.coli

6

Ps. aeruginosa
7
8

Ps. aeruginosa

E.coli

-

E.coli

-

P klebsiella

-

-

-

E.coli
9

E.coli

E.coli
P klebsiella
E.coli

E.coli

-

-

P. mirabilis

E.coli
P. mirabilis

10

-

E.coli

E.coli

-

E.coli

11

P enterococus

-

SP

-

P enterococus

12

E.coli

E.coli

enterococus
-

-

E.coli

E.coli
E.coli

Abbreviations: E. coli, Escherichia coli; P. mirabilis, Proteus
mirabilis; Ps. Aeruginosa, Pseudomonas aeruginosa, P
klebsiella: Pneumonia Klebsiella.

Cisapride

20
11/20(55%)
16/20(80%)
1.60±0.42

20
2/20(10%)b
3/20(15%)b
0.60±0.58a

0.721±0.123
0.33±0.08

0.148±0.079b
0.68±0.16b

17.2±5.98

12.2±5.28a

100
80
60

P<0.05

40
20
0
0.6

Intestinal permeability
Serum endotoxin level (IU/ml) (% urinary excretion 99mTc-DTPA)

Table 3 Bacterial species cultured from mesenteric lymph nodes,
liver, spleen, peripheral blood and overgrowth in the jejunum

Placebo

P<0.01 vs placebo; aP<0.05 vs placebo.

A
IBO+

IBO-

0.5
0.4
0.3

P<0.01

0.2

B

0.1
0.0

P<0.01 vs cirrhotic rats with BT; aP<0.05 vs cirrhotic rats with BT.

b
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Table 4 Effect of cisapride on BT, IBO, serum endotoxin level,
intestinal transit and intestinal permeability of cirrhotic rats

Bacterial translocation (%)
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Intestinal transit
(geometric center ratio)
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20

IBO+

IBO-

P<0.05

15
10
5
0

C
IBO+

IBO-

1.0
0.8

P<0.05

0.6
0.4
0.2
0.0

D
IBO+

IBO-

Figure 1 Bacterial translocation, intestinal transit, intestinal
permeability and serum endotoxin level in cirrhotic rats with
and without IBO (IBO+, IBO-, respectively). Cirrhotic rats with
IBO have a higher incidence of BT (A), slower intestinal transit
(B), higher intestinal permeability (C) and higher serum endotoxin level (D) than that of cirrhotic rats without IBO.
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DISCUSSION
Many studies have shown a high susceptibility to bacterial
infection among cirrhotic patients. In recent years, IBO and
BT have been suggested to be involved in the pathogenesis of
gut-origin bacterial infections, such as SBP, in animal with
cirrhosis[21-23]. Although the phenomenon of BT has been
recognized for more than a century, the precise mechanism of
BT remains to be elucidated. IBO is postulated to be one of
the major factors of BT. Guarner et al[24,25]. have shown that
the intestinal aerobic bacterial count in cecal stool is
significantly increased in CCl4 induced cirrhotic rats with BT
as compared with without and the prevalence of SBP was found
to be significantly higher in cirrhotic patients with IBO than in
those without. Reilly JA and Perez-Paramo M have reported
that the incidence of IBO was significantly higher in cirrhotic
patients with SBP than in those without[21,22]. Pardo et al[26] have
observed that jejunal IBO were significantly higher in ascitic
cirrhotic rats with BT than in those without, for a specific
organism BT was always associated with its IBO, which
suggests that the IBO favors the development of BT in
experimental cirrhosis. In this experimental study, we have
observed a direct relationship between the IBO and BT, which
also suggests that IBO is one of the major mechanisms that
promote BT in experimental models. However, The fact that
not all cirrhotic rats with IBO developed BT suggested that
other factors may play an important role in development of
BT. It had been reported that impairment of gut barrier was a
necessary process in the development of BT. Our result that
higher value of urinary excretion of 99mTc-DTPA was seen in
BT rats other than in that without was also suggested that the
impairment of gut barrier was an important factor in
promoting BT.
The mechanisms of gut barrier impairment were not
completely elucidated. Some putative mechanisms have been
proposed from animal and clinical studies. Portal hypertension
in liver cirrhosis may be the most attractive factor in the
impairment of gut barrier[26,27]. However, many studies have
showed that poor linear relationship existed between the
severity of high portal pressure and the impairment in intestinal
permeability and that there was lack of improvement in
permeability after reducing portal pressure[21]. It was possible
that increased intra-luminal endotoxin level resulted from IBO
played a contributory role in the damage to the gut barrier[21].
Our results of reduced incidence of IBO and improved intestinal
permeability after cisapride treatment have shown the effect
of endotoxin on the impairment of gut barrier.
Prevention of IBO was dependent on normal intestinal
motility. Intestinal hypomotility was a main cause of IBO in
cirrhotic animals[21,22, 24,25]. This was supported by the delayed
intestinal transit in cirrhotic animals with IBO and by the lower
incidence of IBO in cirrhotic animals treated with cisapride, a
drug that shortens bowel transit time.
During physiological processes, endotoxin is released from
the bowel and detoxified by Kupffer cells and hepatocytes.
High levels of endotoxin have been noted in cirrhotic patients.
A number of previous studies have been shown that the plasma
endotoxin level may be potentially helpful in the diagnosis of
bacterial infection in patients with cirrhosis[27]. Recently a study
revealed that increased levels of endotoxin indicated the
occurrence of gram-negative bacterial infection[28,29]. In this
study, we observed that the serum endotoxin level of the cirrhotic
rats, especially those with IBO and BT, was much higher than
that of healthy rats. The results suggested that endotoxemia
caused by enteric bacteria was common in experimental cirrhosis
and positively correlated with IBO and BT.
Several circumstances in cirrhosis could predispose a patient
to IBO, such as alcohol abuse, malnutrition, hypochlorhydria,
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decreased intraluminal immunoglobin A or bile salts in the
intestine, and disturbances of the small intestinal motility[6-8,12],
Among which, prolonged intestinal transit, as a consequence
of altered intestinal motility seems to play a major role in the
development of IBO. Altered small intestinal motility was
described in patients with cirrhosis [8,30,31]. Pardo and his
associates[26] have recently found that alterations in small
intestinal motility could result in a prolonged intestinal transit
time in cirrhotic patients, which might facilitate the appearance
of IBO and the 10-day treatment with prokinetic drug resulted
in a marked reduction in jejunal bacterial content and BT in
cirrhotic rats[21], which was coincide with our present study. In
addition, and even more important, the prokinetic drug
treatment was associated with a dramatic reduction in serum
endotoxin level. Although the exact mechanisms by which the
prokinetic drug reduce the incidence of BT, endotoxemia and
IBO could not be completely elucidated on the basis of the
present study, the observations that the serum endotoxin level
was positively correlated with jejunal bacterial overgrowth,
and that the prokinetic drug administration reduce not only
IBO and BT but also endotoxin level, suggested that the
beneficial effects of prokinetic drug may be due to the
increasing of bowel movement and the promoting of intestinal
bacterial and endotoxin elimination, which has been shown
by shortened intestinal transit time in cisapride-treated group.
Moreover, the administration of prokinetic drug could improve
intestinal permeability in cirrhotic rats, which also suggested
that increased intestinal permeability in cirrhotic rats was
partially due to the damage of intestinal mucous membrane
by bacteria overgrowth and high concentrations because
cisapride has no direct protective effect on intestinal mucous
membrane. In fact, it has been reported that prolonged the OCT
could be significantly recovered in cirrhotic patients after
cisapride therapy. These results suggested that the beneficial
effect of the prokinetic drug on endotoxemia may be due to
increasing the abolition of intestinal bacteria through the
prokinetic effect. Unfortunately cisapride has lethal side-effect
and has been prohibited to be used in treatment of disturbance
of intestinal function in human. However, new prokinetic drugs
have been available in the market and showed with similar
effect on intestinal movement as cisapride. Therefore oral
administration of prokinetic drugs might be beneficial to liver
diseases by reducing absorption of endotoxin, a substance that
is toxic to hepatocytes and could aggravate liver diseases.
In conclusion, the results of our experimental study indicated
that the administration of prokinetic drug to cirrhotic rats
resulted in a reduction of endotoxemia and BT incidence, which
was companied by a marked decrease of IBO, reduced intestinal
transit time and intestinal permeability. These findings
suggested the beneficial effects of prokinetic drug on the
prophylaxis of gut origin infection in cirrhosis, which shoud
be taken as an adjuvant or alternative therapy to the selective
intestinal decontamination with antibiotics.
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Abstract
AIM: To study the effects of transmitters ET, AgII, PGI2,
CGRP and GG on experimental rat hepatic fibrosis and the
antifibrogenic effects of IL-10.
METHODS: One hundred SD rats were randomly divided
into 3 groups: control group (N): intraperitoneal injection
with saline 2 ml·kg-1 twice a week; the fibrogenesis group
(C): intraperitoneal injection with 50 % CCl4 2 ml·kg-1 twice
a week; IL-10 treated group (E): besides same dosage of
CCl4 given, intraperitoneal injection with IL-10 4 ug·kg-1 from
the third week. In the fifth, the seventh and the ninth week,
rats in three groups were selected randomly to collect plasma
and liver tissues. The levels of ET, AgII, PGI2, CGRP and GG
were assayed by radioimmunoassay (RIA). The liver fibrosis
was observed with silver staining.
RESULTS: The hepatic fibrosis was developed with the increase
of the injection frequency of CCl4. The ET, AgII, PGI2, CGRP
and GG levels in serum of group N were 71.84±60.2 ng·L-1,
76.21±33.3 ng·L-1, 313.03±101.71 ng·L-1, 61.97±21.4 ng·L-1 and
33.62±14.37 ng·L-1, respectively; the levels of them in serum
of group C were 523.30±129.3 ng·L-1, 127.24±50.0 ng·L-1,
648.91±357.29 ng·L-1, 127.15±62.0 ng·L-1 and 85.26±51.83
ng·L-1, respectively; the levels of them in serum of group E
were 452.52±99.5 ng·L-1, 90.60±44.7 ng·L-1, 475.57±179.70
ng·L-1, 102.2±29.7 ng·L-1 and 38.05±19.94 ng·L-1, respectively.
The histological examination showed that the degrees of
the rats liver fibrosis in group E were lower than those in
group C.
CONCLUSION: The transmitters ET, AgII, PGI2, CGRP and
GG play a significant role in the rat hepatic fibrosis induced
by CCl 4. IL-10 has the antagonistic action on these
transmitters and can relieve the degree of the liver fibrosis.
Wang XZ, Zhang LJ, Li D, Huang YH, Chen ZX, Li B. Effects of
transmitters and interleukin-10 on rat hepatic fibrosis induced
by CCl4. World J Gastroenterol 2003; 9(3): 539-543
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INTRODUCTION
Hepatic fibrosis is a disease which is characterized by an

increase of type I and type III collagens, proteoglycans
fibroneetin and hyaluronic acid in extracellular matrix (ECM)
deposition[1-9]. It is an inevitable phase during the formation of
liver cirrhosis, which is an irreversible stage of several liver
pathological changes[10-12]. So it is important for how to prevent
and cure hepatic fibrosis, i.e. antifibrogenetic treatment.
Transmitters play an important role in the portal hypertention
which is associated with the fibrosis[13,14]. In our study, the
transmitters endothelin (ET), angiotensin II(Ag II), prostacyclin
(PGI2), calcitonin-gene related peptide (CGRP) and glucagon
(GG) were selected to explore their effects on hepatic fibrosis
induced by CCl4 and the antifibrogenesis effect of interleukin10 (IL-10) was explored as well.

MATERIALS AND METHODS
Animals
One hundred clean SD rats weighing 140-180 g were randomly
divided into 3 groups. The control group (group N) included
24 rats; the fibrogenesis group (group C) included 40 rats and
the IL-10 treated group (group E) included 36 rats, respectively.
All the rats were breeding in the routine condition (room
temperature 22±2 , humidity 55±5 %, lighting 12hrs per
day, to drink tap water and eat in any time when they needed,
animal food was provided by BK company in shanghai.).
Establishment of the fibrosis model
Rats in group N were injected intraperitoneally with saline
2 ml·kg-1 twice a week. Rats in group C and group E were injected
intraperitoneally with 50 % CCl4 2 ml·kg-1 twice a week[15].
From the third week, rats in group E were injected
intraperitoneally with IL-10 4 ug·kg-1 (dissolved in saline)[16]
20 minutes before they were injected with CCl4. All injections
were performed in Monday and Thursday, rats’ body weight
was recorded before the injection. In the fifth week, 3 rats in
group C and 2 rats in group E died, in the seventh week, total
8 rats in group C and 4 rats in group E died, in the ninth week,
total 10 rats in group C, 6 rats in group E and 3 rats in group N
died. In 5,7,9 weeks, 10 rats of group C and E and 7 rats in the
control group were selected randomly to collect their plasma
and liver tissue samples.
Assessment of samples
The blood samples were added into the tubes with 30 µl 10 %
EDTA and 40 µl trasylol in ice bath, the tubes were centrifuged
at 3 000 rpm for 10 minutes at 4 , then the plasma was frozen
for the assessment. The plasma levels of ET, Ag II, PGI2, CGRP
and GG were assayed by radioimmunoassay (RIA, kits
provided by EastAsia Immune-technology Institute, Beijing).
Each plasma sample was taken 100 µl into the tube, then 200
µl buffer and 100 µl antiserum were added into each sample,
they were agitated and incubated for 24 hour at 4 ; then 100
µl 125I-marked serum was added, agitated and incubated for 24
hour at 4 ; also 500 µl precipitation was added, after
incubation for 20 min at room temperature, the tubes were
centrifuged at 3 500 rpm for 25 min at 4 , the upper layer
was carefully removed, the cpm account was measuredusing γ
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radioimmunocounter. The blank control and the standard
control was measured respectively at the same time. The liver
tissue was made of paraffin section with silver staining.

RESULTS
Plasma levels of ET, AgII, 6-K-PGF1α , CGRP and GG
The plasma levels of ET, AgII, 6-K-PGF1α, CGRP and GG in
group C were higher than those in the control (P<0.05). After
the intervention of IL-10, the levels of them were decreased,
and had no difference with group N (P>0.05). Furthermore,
their levels were increased with the development of hepatic
fibrosis.
Table 1 Plasma levels of ET, AgII, 6-K-PGF1α, CGRP and GG
in fibrosis and normal rats (ng·L-1)
ET

n

AgII

6-K-PGF1α

CGRP

GG

313.03±101.71

61.97±21.4

33.62±14.37

648.91±357.29 127.15±62.0

85.26±51.83

475.57±179.70

38.05±19.94

N

21

71.84±60.2

76.21±33.3

Ca

30

523.30±129.3

127.24±50.0

E

30

452.52±99.5

b

a

90.60±44.7

102.2±29.7

P<0.05 vs group N, bP<0.05 vs group N.
1 200

Group N
Group C
Group E

(ng·L-1)

1 000
800
600

1 500

(ng·L-1)

Statistical analysis
All data were expressed as x±s, t test was used for comparison
between groups.
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Figure 2 Plasma levels of ET, AgII, 6-K-PGF1α, CGRP and GG
in fibrosis rats.

Table 2 and Figure 2 showed that the levels of ET, AgII, 6-KPGF1α, CGRP and GG were gradually increased and associated
with the increase of CCl4-treated frequency, especially in the ninth
week (P<0.05). It suggested that there was close relation between
the levels of the transmitters and the degrees of liver fibrosis.

Pathological assay
The histological feature showed that liver of control rats had
no appreciable alterations (Figure 3). The degree of liver
fibrosis in group C was up-going with the increas of the
treatment frequency of CCl4. In the fifth week, few reticular
fiber deposited in the periportal tissue space. In the seventh
week, the reticular fiber extended with hepatic plate but the
full delimitation was not formed, while in the ninth week the
integrity fibrous septum was developed in the interlobular
septum, sometimes psedulobular could be seen (Figure 4,5,6).
The degrees of inflammation of hepatocytes were decreased
evidently in the seventh week after the treatment of IL-10, in
the ninth week, the reticular fiber in the interlobular septum was
limited remarkably, no psedulobular could be seen (Figure 7).

400
200
0

ET

AG

PGI

CGRP

GG

Figure 1 Plasma levels of ET, AgII, 6-K-PGF1α, CGRP and GG
in fibrosis and normal rats.

Table 1 and Figure 1 showed that after the treatment of
CCl4, the plasma levels of ET, AgII, 6-K-PGF1α, CGRP and
GG were increased, their levels were significantly higher than
those in the normal controls (P<0.05). After treated with IL10, their levels were obviously decreased, and there was no
significant difference with those in the normal controls. It was
showed that when the effective treatment was applied in the
fibrosis rats, the levels of these transmitters showed the
descending trend. It suggested that the levels of those transmitters
were increased in liver fibrosis and they might play important
pathogenic roles during the development of liver fibrosis.

Figure 3 The liver of normal rat (silver staining, ×100).

Table 2 Plasma levels of ET, AgII, 6-K-PGF1α, CGRP and GG
in fibrosis rats (ng·L -1)
Week n

ET

AgII

6-K-PGF1α

CGRP

GG

No.5 10

421.48±52.3

105.73±36.3

323.15±76.2

88.68±23.2

54.48±18.9

No.7 10

489.80±87.7

131.42±18.9

684.98±214.0 118.14±24.3

55.77±19.2

No.9 10

658.61±102.3 144.58±72.2 1081.61±294.3 174.65±87.7 141.66±50.8

Figure 4 The liver of the rat in group C (the fifth week, silver
staining, ×100).
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Figure 5 The liver of the rat in group C (the seventh week,
silver staining, ×100).

Figure 6 The liver of the rat in group C (the ninth week, silver
staining, ×100).

Figure 7 The liver of the rat in group E (the ninth week, silver
staining, ×100).

DISCUSSION
Endothelins are a family of polypeptides consisting of 21amino acids[17-19]. ET-1 is initially noted for its powerful
vasoconstrictor properties[20-24]. It is markedly overexpressed
in different cellular elements in cirrhotic liver tissue, and
particularly in sinusoidal endothelial cells and hepatic stellate
cells (HSCs) in their activated phenotype located in the
sinusoids of the regenerating nodules and at the edges of fibrous
septa[25]. It plays an important role in the regulation of hepatic
vascular tone. They elicit biological responses via the ETA and
ETB receptors. ET-1 induces contraction, proliferation, and
collagen synthesis of HSCs in vitro, which may be mediated
via the ETA receptors[26]. ET-1 is able to increase [Ca2+] i in a
dose-dependent fashion in HSCs, which results from both
intracellular release of Ca2+ and extracellular Ca2+ influx via a
dihydropyridine-insensitive pathway. ET-1-induced
contractility of HSCs is maintained through all stages of
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activation and is independent of the absolute number of ETAbinding sites if a threshold level of expression is maintained.
It has been shown that ET-1 could act as a cell growth promoter
via the ETA receptor to promote the proliferation of smooth
muscle cell. Also, ET-1 is able to elicit MAPK (mitogenactivated protein kinase) activity in human HSCs with timecourse and dose-response kinetics similar to those reported in
mesangial cells through the ETA receptor. Recent studies have
shown that the ETR antagonist modifies the development of
portal hypertension in carbon tertrachloride treated rats[27,28].
Some studies suggest that ET has two effects on HSC[29]. ET
can inhibit the contraction and collagen synthesis in cells that
have more ETB receptors than ETA receptors; it indicates that
ET could restrict the development of liver fibrosis. The
difference is linked to the active, contractile HSC phenotype.
The cellular sites of action of AgII within the hepatic
vasculature are incompletely defined; recent studies have
shown that HSCs may be a potential cell target for the AgII
actions in the hepatic vasculature[30]. Two different types of
AgII receptors have been described. The AT1 receptors are
present in most mesenchymal cells and mediate most of the
biological effects of AgII. The AT2 receptors are mainly found
in fetal cells, but their physiological role is not completely
understood. AgII receptors (AT1 subtype) exist in many cells,
including the human HSC[31], the activated HSCs may be an
important target of the AgII in the hepatic vasculature[32]. The
binding of AgII to AT1 receptor induces contraction and
proliferation[33,34]. AgII causes a marked increase in [Ca2+] i and
cell contraction, which largely depends on the entrance of Ca2+
through L-type Ca2+ channels. In recent years, much attention
has been focused on the growth-promoting effects of AgII and
it has been found that AgII is also a mitogenic factor for
activated HSCs through an MAPK- dependent pathway. So
we could hypothesis that AgII plays a role in the proliferation
of HSCs and in the progression of liver fibrosis. The
inflammation may be the initial fibrogenic event. PGI2, a potent
vasodilator produced by the splanchnic endothelium, would
account for much of the observed hyperemia[35]. Cyclooxygenase
blockade reverses the splanchnic hyperemia[36]. The mechanism
for the increase of portal PGI2 remains unknown. Some have
suggested of increase that blood pressure alone will increase
the production of PGI2. Theoretically, damage to any type of
liver cell membrane can serve as a source of AA metabolites
that initiate fibrosis. In the intact liver, the most probable target
cells are the nonparenchymal cells such as endothelial cells.
The inflammation may be the initial fibrogenic event. The
inflammation involving the release of arachidonic acid (AA)
from phospholipids by activation of phospholipae A 2 in
damaged cell membranes and formation of bioactive AA
metabolites (prostaglandins, thromboxane A2 and leukotrienes)
by way of 5’lipoxygenase pathway is one of the earliest
biochemical events in hepatic fibrosis. The concentration of
6-keto-PGF1α, the stable metabolite of PGI2, represents the
plasma level of PGI2. The enhanced production of 6-keto-PGF1α
increases the TGF-β1 gene expression by way of enhancing
degranulation of platelets and inflammatory cells which are
rich source of the fibrotic cytokine TGF-β1[37]. As we all know,
TGF-β1 can promote the synthesis and deposition of ECM and
inhibit the degradation of ECM[38,39]. CGRP is a highly potent
vasodilator and is widely distributed in nerve fibers with
relation to vascular structures[40]. The circulating CGRP is
elevated in liver cirrhosis[41,42], but little information is known
about CGRP in these patients[43]. Some authors have reported
that CGRP could inhibit the lipid peroxidation on the liver,
which antagonists the effects of ET[44]. So it is a protector in
the liver fibrosis. Whether the CGRP has effects on the
activation of HSC and the synthesis of collagen is not clarified.
GG is a stress hormone whose release is stimulated by
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catecholamines, cortisol, and growth hormone[45]. GG plays
an important role in the formation of portal hypertension[46].
The present studies show that plasma GG levels are elevated
in cirrhotic patients with portal hypertension. It is also clearly
demonstrated that plasma GG levels is increased with the
progression of cirrhosis. In addition, positive correlations has
been found between plasma GG levels and Pugh’s score or
liver functions. In our study the increase of GG was associated
with the failure of GG’s degradation in liver and the
hyperexcretion of pancreas. IL-10 is a potent anti-inflammatory
cytokine that inhibits the synthesis of pro-inflammatory
cytokines by T helper type 1 cells. It is produced locally in the
liver and acts in an autocrine or paracrine way. IL-10 can inhibit
a range of macrophage effecter functions, including nitric oxide
and reactive oxygen intermediate production, MHC class II
antigen expression, and eicosanoid synthesis. IL-10 can downregulate expression of adhesion molecules, ICAM-1 and B7,
on human monocytes, and also the nuclear transcription factor,
nuclear factor κB. It is able to inhibit chemokine synthesis in
T cel ls, n e u tr o p h i ls, an d f ib r o b l asts . M o r e o v e r ,
proinflammatory cytokines synthesis by a wide range of cells,
particularly monocytes and macrophages, is profoundly
inhibited by IL-10[47]. Previous reports indicated that IL-10
had a role in the remodeling of the extracellular matrix[48]. In
vitro, IL-10 down regulates collagen type I while up regulates
metalloproteinase gene expression. It also has antifibrogenic
properties by down regulating profibrogenic cytokines, like
TGF-β1 and TNF-α[47,49]. Nelson et al had treated 24 patients
with chronic hepatitis C with IL-10, they found that IL-10
normalized serum ALT levels, decreased hepatic inflammation,
reduced liver fibrosis and was well tolerated in patients[16].
After that treatment of IL-10, all of the transmitters
decreased. Therefore, transmitters play important roles in rat
hepatic fibrosis induced by CCl4. IL-10 decreases the levels of
these transmitters so it has antifibrogenesis effect.
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Abstract
AIM: To explore the biological behaviors of hepatic oval
cells after transfused into the circulation of experimental
animals.
METHODS: Oval cells from male SD rat were transfused
into the circulation of a female rat which were treated by a
2-AAF/CCl4 program, through caudal vein. Sex-determining
gene sry which located on Y chromosome was examined by
PCR and in situ hybridization technique in liver, kidney and
spleen of the experimental animals, respectively.
RESULTS: The results of the cell-transplant experiment
showed that the sry gene was detectable only in the liver
but not in spleen and kidney of the experimental rats, and no
signals could be detected in the control animals. It can be
also morphologically proved that some exogenous cells had
migrated into the parenchyma of the liver and settled there.
CONCLUSION: The result means that there are exogenous
cells located in the liver of the experimental animal and the
localization is specific to the liver. This indicates that some
”signal molecules” must exist in the circulation of the rats
treated by 2-AAF/CCl4. These “signal molecules” might play
an important role in specific localization and differentiation
of transfused oval cells.
Chen JZ, Hong H, Xiang J, Xue L, Zhao GQ. A selective tropism
of transfused oval cells for liver. World J Gastroenterol 2003; 9
(3): 544-546
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INTRODUCTION
Hepatic oval cells were first described by Opie in 1944 and
named as oval cells first by Farber in 1956[1,2]. Oval cells could
be seen at the early stage of hepatocarcinogenesis induced by
chemicals in animal and in the liver of human suffering from
chronic hepatitis, cirrhosis and other chronic liver diseases[3-8].
The emergence of oval cells was considered initially to be
related to hepatocarcinogenesis. Oval cell was once believed
to be a progenitor cell of carcinoma in liver[9-11]. Recently, more
and more evidences showed that oval cell may be a potential
stem cell in liver and it could differentiate into hepatocyte and
epithelial cell of bile duct in certain conditions[12,13]. It is
believed now that the potential stem cells existing in liver might

play a role in the repair of damaged liver. However, when and
how oval cells could be activated still remains unclear. Our aim
in this study is to explore the biological behavior of hepatic oval
cells after transfused into the circulation of rat for interpreting
possible activating mechanisms of hepatic stem cells.

MATERIALS AND METHODS
Culture of oval cells
Hepatic oval cells were isolated from SD male rats and a cell
line of OC3 was established by Dr. Xue in our group[14]. Oval
cells were cultivated under a routine condition (37 , 5 % CO2).
The cells were collected and suspended in a solution of RPMI1640 (Gibco BRL) without serum on the day of transfusion
experiment, on standby.
Establishment of animal model and transfusion of oval cells
SD female rats, weighing 100-150 g, were used for the
establishment of an animal model of liver-damaging. The model
was made by means of a 2-AAF/CCl4 program according to
Petersen[31]. In the experimental group, 2-acetylaminofluorene
(2-AAF, Sigma), 2.5 g·L-1 in earthnut oil, was administered to
stomach of rats everyday for 14 days. On the 7th day of 2-AAF
administering, a Ld50 dose of CCl4 was given by intraperitoneal
injection. Then, the suspended oval cells (5×106 cells per rat)
were transfused into the circulation of the rats through caudal
vein in 24 hours after CCl4 injection. In the control group, 1 ml
earthnut oil per day was administered to stomach of rats instead
of 2-AAF, and without CCl4 injection, the other treatments was
the same as in the experimental group. The animals were
sacrificed on the 7th day after transfusion of oval cells. The
liver, kidney and spleen of the rats were picked out, respectively
and frozen rapidly in liquid nitrogen. The frozen tissues were
kept in -80 refrigerator.
Isolation of DNA
DNA was extracted from the frozen tissues of liver, kidney
and spleen respectively according to the protocol of our
laboratory. DNA samples were kept in -80
refrigerator.
Primers selection of sry gene
The primers selection was according to the DNA sequence of
rat sry gene from GenBank Database (Accession No.:
AJ222688): SryF17: 5’-catctctgacttcctggttgcaa-3’, SryR16:
5’-atgctgggattctgttgagcc-3’. The PCR product was 241 bp in
length, corresponding to the sequence between 273-514 of rat
sry gene.
PCR reactions
The DNA samples from liver, kidney and spleen in each
experimental group were used as a template in PCR reactions.
The reaction cocktails (containing 1 µg Template DNA, 0.125
m mol·L-1 dNTPs, 0.4 µmol·L-1 sry F17 primer, 0.4 µmol·L-1
sry R16 primer, 1×PCR buffer, 2.5 m mol·L-1 MgCl2, 1 U Taqpolymerase, add H2O to 50 µL of total volume) were run on
GeneAmp ® PCR System 9 600 (AB) with a program
combination of Prog. 1 (95 , 5 min), Prog. 2 (95 , 50 sec;
56 , 50 sec; 72 , 60 sec; 30 cycles) and Prog. 3 (95 , 50
sec; 56 , 50 sec; 72 , 60 sec). The PCR products were
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electrophoresed in 1.2 % agarose, stained with ethidium
bromide and photographed.

In situ hybridization
In situ hybridization was carried out according to the protocol
described by Zhao[15]. A DNA probe complementary to rat sry
gene was labeled with digoxigenin by means of PCR reactions.
The sections of liver from rats transfused with oval cells were
selected for in situ hybridization assay. After deparaffin and
rehydrate, the sections were fixed in 4 % paraformaldhyde
again. The hybridization (2×SSC, 500 mL·L-1 formamide,
1×Denhardt’s solution, 0.5 g·L-1 dextran sulfate, 60 µg·L-1 DIGProbe) was carried out at 37
over night. The hybrids were
then revealed by an alkaline phosphatase-conjugated antidigoxigenin antibody and detected with the detection system
of Boehringer Mannheim.
RESULTS
Sry gene was located in Y chromosome and used as a marker
of transfused oval cells in female animal. The results of the
cell-transplant experiment showed that the sry gene was
detectable only in the liver but not in the spleen and the kidney
of the rats treated by 2-AAF/CCl4 program, and no signals
could be detected in the control animals, neither liver nor spleen
and kidney. The distribution of PCR signals of sry gene in
experimental groups can be seen in Figure 1 and Table 1. On
the section of in situ hybridization, a cluster of cells with sry
gene marker could be seen in the parenchyma of the liver of a
female rat undergoing oval cell-transplantation (Figure 2A).
It was distinguished between sections in the negative and
positive controls (Figure 2B and Figure 2C). This result meaned
that some exogenous cells had migrated into the parenchyma
of the liver and settled there.

rat in experimental group; Liver(C): liver of female rat in control group; Spleen(C): spleen of female rat in control group;
Kidney(C): kidney of female rat in control group; Liver(F): liver
of female rat negative control.

A

B
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C

1 000
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400
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Figure 1 PCR signals of sry gene in experimental groups. (M.
100 bp DNA marker; 1. Liver(M): liver of male rat as a positive
control; 2. Liver(E): liver of female rat in experimental group;
3. Spleen(E): spleen of female rat in experimental group; 4.
Kidney(E): kidney of female rat in experimental group; 5. Liver
(C): liver of female rat in control group; 6. Spleen(C): spleen of
female rat in control group; 7. Kidney(C): kidney of female rat
in control group; 8. Liver(F): liver of female rat negative control).
Table 1 Distribution of PCR signals of sry gene in experimental groups
Liver Liver Spleen Kidney Liver Spleen Kidney Liver
(M)
(E)
(E)
(E)
(C)
(C)
(C)
(F)
Sry

+

+

-

-

-

-

-

-

Note: Liver(M): liver of male rat as a positive control; Liver(E):
liver of female rat in experimental group; Spleen(E): spleen of
female rat in experimental group; Kidney(E): kidney of female

Figure 2 In situ hybridization assay of sry gene in liver. A.
Experimental group, Liver of female rat undergoing oval celltransplanting. A cluster of cells with sry gene marker could be
seen in the parenchyma of liver. B. Negative control group,
liver of normal female rat. No hybridization signals could be
seen. C. Positive control group, liver of normal male rat. Each
cell with distinct hybridization signals.

DISCUSSION
As we know, liver has a powerful capacity of regeneration. In
general, the injured liver can regenerate itself by self-replication
of hepatocyte. So, it is believed that hepatocytes themselves
are the functional stem cells of the liver[16]. Oval cell is now
recognized as a potential stem cell existing in liver. But they
cannot be seen in normal status. The emergence of oval cells
occurs only in a special status in which the liver is damaged
severely and the capacity of regeneration of hepatocyte is
restrained [17-20]. At the past, oval cell was believed as a
progenitor cell of carcinoma in liver[9-11,21], because it was often
seen at the early stage of hepatocarcinogenesis induced by
chemicals[22-26]. Recently, more and more evidences showed
that oval cell could differentiate toward hepatocyte and
epithelial cell of bile duct[12,13,27-30]. So it was guessed that the
emergence of oval cells might be relevant to the repair of
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damaged liver, and under special conditions the injured liver
might produce and release some “signal molecules” which
might play an important role in the activation of stem cell. In
this study, an animal model of liver-damaging was established
by a 2-AAF/CCl 4 program according to Petersen [31], the
capacity of regeneration of hepatocyte was first impaired by
2-AAF and then the liver was damaged severely by CCl4. In
this status the damaged liver might produce a signal of “distress
call” to initiate the activation of stem cell. Our results of cell
transplantation showed that the sry gene was detectable only
in the liver but not in the spleen and the kidney of the rats
treated by 2-AAF/CCl4 program, and no signals could be
detected in the control animals, neither liver nor spleen and
kidney. The results of in situ hybridization also showed that
some exogenous cells had migrated into the parenchyma of
the liver and settled there. It means that the transfused oval
cells have a selective tropism for liver and the driver force
might come from the injured liver. All evidences revealed that
some “signal molecules” might exist in the circulation of the
rats treated by 2-AAF/CCl4 and the “signal molecules” might
be produced and released from the damaged liver. The “signal
molecules” might play an important role in the initiation of
the activation of stem cell. Further identifying and isolation of
these “signal molecules” would be significative for achieving
activation and directional inducement of hepatic stem cells.
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Abstract
AIM: To investigate the effect of natriuretic peptides on gastric
motility in various animals, and the effect of C-type natriuretic
peptide (CNP) on spontaneous contraction of gastric smooth
muscle in rat, guinea-pig and human in vitro was compared.
METHODS: Spontaneous contraction of gastric smooth
muscle was recorded by four channel physiograph.
RESULTS: In the guinea-pig and rat gastric antral circular
smooth muscle, CNP markedly decreased the amplitude of
spontaneous contraction but it didn’t affect the frequency,
however, the contractile activity was completely inhibited
by CNP in gastric antral longitudinal smooth muscle. In the
human gastric antral circular and longitudinal smooth musle,
CNP completely inhibited spontaneous contraction. In the
circular smooth muscle of guinea-pig and rat gastric fundus,
CNP obviously decreased the amplitude of spontaneous
contraction but it didn’t affect the frequency, however, the
contractile activity was completely inhibited by CNP in smooth
muscle of fundus longitudinal. In the circular and longitudinal
smooth muscle of guinea-pig gastric body, CNP at first
induced a relaxation and then an increase in amplitude of
spontaneous contraction (rebound contraction), but the
frequency was not changed. After the circular smooth muscle
of gastric body was pretreated with atropine, an M receptor
blocker, the rebound contraction was abolished; In circular
and longitudinal smooth muscle of rat gastric body, CNP
induced a transient and slight relaxation and successively
followed by the recovery in amplitude of spontaneous
contraction but it also didn’t affect the frequency. After the
smooth muscle was pretreated with atropine, the transient
and slight relaxation was replaced by long term and complete
inhibition; The percentage of CNP-induced inhibition was
76.77±6.21 % (fundus), 67.21±5.32 % (body) and 58.23±
6.21 % (antral) in the gastric circular muscle, however, the
inhibitory percentage was 100±0.00 % (fundus), 68.66±
3.55 % (body) and 100±0.00 % (antrum) in the gastric
longitudinal smooth muscle of guinea-pigs; In the rat, the
percentage of CNP-induced inhibition was 95.87±4.12 %
(fundus), 94.91±5.08 % (body) and 66.32±7.32 % (antrum)
in the gastric circular smooth muscle, but in the longitudinal
smooth muscle, CNP completely inhibited the spontaneous

contraction. Using LY83583, a guanylate cyclase inhibitor,
and zaparinast as a phosphoesterase inhibitor to inhibit the
generation of cGMP, the effect of CNP on the spontaneous
contraction was markedly weakened by LY83583, however,
the inhibitory effect was enhanced by zaparinast.
CONCLUSION: (1) CNP can obviously inhibit the
spontaneous contraction of gastric antral circular and
longitudinal smooth muscle in the rat, guinea-pig and human.
The order of inhibitory potency is human >rat> guinea-pig.
(2) In the same animals, the inhibitory effect of CNP on
spontaneous contraction is the most powerful in fundus and
the weakest in antrum, in the same position, the inhibitory
effect on the circular smooth muscle is more powerful than
that on longitudinal smooth muscle. (3) The inhibitory effect
of CNP on spontaneous contraction in the gastric smooth
muscle is mediated by a cGMP dependent pathway.
Guo HS, Jin Z, Jin ZY, Li ZH, Cui YF, Wang ZY, Xu WX.Comparative
study in the effect of C-type natriuretic peptide on gastric motility
in various animals. World J Gastroenterol 2003; 9(3): 547-552
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INTRODUCTION
Since antrial natriuretic peptide (ANP) was isolated from atrium
by de Bold et al in 1981[1], brain natriuretic peptide (BNP), Ctype natriurietic peptide (CNP), dendroaspis (DNP), micrurus
natriuretic peptide (MNP) and ventricular natriuretic peptide
(VNP) were successively found. They distribute in all over
the body not only in the heart. Among the natriuretic peptides
(NP) family, the most studies were focused on ANP, BNP and
CNP. The NP family has function of natriuresis-diuresis,
vasorelaxation and is able to lower blood pressure and to keep
electrolyte homeostasis and so on. CNP was originally found
in the central nervous system of the porcine, but it has recently
been found in many other systems. In adult mice, the highest
CNP expression was detected in the uterus and ovaries, which
exceeded the CNP concentrations of the forebrain and
brainstem. In contrast, neonatal mice showed highest CNPmRNA levels in forebrain and brainstem but with lower levels
in the skin, tongue, heart, lung, thymus, skeletal muscle, liver,
kidney, stomach, and skull[2]. In the rat, generation and secretion
of CNP was demonstrated not only in endothelium but also in
vascular smooth muscle cells[3], and natriuretic peptides gene
was expressed[4] in human coronary arteries. CNP exhibits
many functions besides natriuresis-diuresis; for instance, CNP
inhibits the growth of vascular smooth muscle cells in the rat[5]
and in has many functions including anti-thrombus and antiproliferation against vascular smooth muscle cells and
myofibroblasts in addition to vasodilation in rabbit[6,7].
The study on the relationship between CNP and
gastrointestinal function has recently become the hot spot. In
1991, Komatsu et al[8] demonstrated that CNP also existed in
gastrointestinal and three kinds of NPR receptors was found
in both mucosa and muscle tissues of the antrum in the rat by
Gower et al[9] in 2000. The study on CNP in gastrointestinal
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tract was mainly focused on physiological functions of
absorption, secretion and intestinal motility[10-12]. But few studies
reported the regulation of natriuretic peptides on gastric smooth
muscles motility. Therefore in the present study, the effect of
CNP on spontaneous contraction of gastric smooth muscles in
different positions of various animals were investigated.

MATERIALS AND METHODS
Sample preparation
Wista rats (provided by Experimental Animal Center of
Yanbian University medical college) of either sex weighing
250±50 g and EWG/B guinea-pigs (provided by Experimental
Animal Center of Jilin University medical college) of either sex
weighing 300±50 g were euthanized by lethal dose of
intravenous pentobarbital sodium (50 mg/kg). The abdomen of
each rat was opened along the midline and stomach was removed
and placed in a pre-oxygenated Tyrode’s solution at room
temperature. The mucous layer was removed. Strips (about
2.0×15.0 mm) of gastric antral circular smooth muscle were
prepared by cutting along the vertical direction of the longer
axis of the stomach and strips of gastric antral longitudinal
smooth muscle were prepared by cutting along the longer axis
of the stomach. Muscle strips were placed in a chamber. One
end of the strip was fixed on the lid of the chamber through
glass claw, the other end was attached to an isometric force
transducer (TD-112S, JAPAN) to record the contraction. The
chamber (2 mL volume) was constantly perfused with preoxygenated Tyrode’s solution at 1 mL/min. Temperature was
maintained at 37.0±0.5 by a water bath thermostat (WC/0905, Chongqing, China). The muscle strips were incubated for at
least 40 min before experiments were started. The samples of
human stomach were offered by Affiliated Hospital of Yanbian
University College of Medicine (As the sample of human gastric
was limited, only the gastric antral of human was sampled).
Drugs and solution
Tyrode solution containing (mmol·L-1) 147 NaCl, 4 KCl, 1.05
MgCl2·6H2O, 0.42 CaCl2·2H2O, 1.81 Na2PO4. 2H2O, and 5.5
mM glucose was used. Its pH was adjusted to 7.35 by NaOH.
C-type natriuretic peptide and LY83583 was diluted to 10-7
mol·L-1. And, Zaprinast was diluted to 10-6 mol·L-1. All drugs
above were purchased from Sigma (USA).
Data analysis
All data was expressed as means ± SD. Statistical significance
was evaluated by a t-test. Differences were considered to be
significant when P value was less than 0.05.
RESULTS
Effect of CNP on the spontaneous contraction of the gastric
antral smooth muscle in various animals
Different concentrations of CNP obviously inhibited spontaneous
contraction in a dose-dependent manner and the percentage
of inhibition was 22.8±7.2 %, 44.9±7.6 %, 69.1±12.9 % and
98.2±4.7 % at the concentrations of 1×10 -8 mol·L-1, 3×10 -8
mol·L-1, 1×10-7 mol·L-1 and 1×10-6 mol·L-1 respectively (Figure
1, n=7). The middle dose of CNP 10 -7 mol·L-1 was used in
following all experiments.
The amplitude of spontaneous contraction in gastric antral
circular smooth muscles of guinea-pigs and rats was
significantly decreased by CNP and the percentage of inhibition
was 58.23±6.21 % and 66.32±7.32 % respectively, however,
the frequency was not influenced CNP (Figure 2A and Figure
2C, Table1.). The spontaneous contraction of the longitudinal
smooth muscle was entirely inhibited by CNP in guinea-pigs
and rats (Figure 2B and Figure 2D,Table1). In the human gastric
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antrum both circular and longitudinal smooth muscles, the
spontaneous contraction was also completely inhibited by CNP
(Figure 2E and Figure 2F,Table1).
100
Percentage of lnhlbltlon

548

80
60
40
20
10-8

3×10-8
10-7
CNP (mol·L-1)

10-6

Figure 1 Response of CNP on spontaneous contraction of gastric circular muscle in rats with different concentration.

CNP 10-7mol·L-1

40 mg
1 min

Figure 2A Effect of CNP on spontaneous contraction in gastric antral circular smooth muscle in guinea-pig.
40 mg
CNP 10-7mol·L-1

Figure 2B Effect of CNP on spontaneous contraction in gastric
antral longitudinal smooth muscle in guinea-pig.
40 mg
1 min
CNP 10-7mol·L-1

Figure 2C Effect of CNP on spontaneous contraction in gastric antral circular smooth muscle in rat.
40 mg
1 min
CNP 10-7mol·L-1

Figure 2D Effect of CNP on spontaneous contraction in gastric antral longitudinal smooth muscle in rat.

40 mg
1 min
CNP 10-7mol·L-1

Figure 2E Effect of CNP on spontaneous contraction in gastric
antral circular smooth muscle in human.

40 mg
1 min
CNP 10-7mol·L-1

Figure 2F Effect of CNP on spontaneous contraction in gastric
antral longitudinal smooth muscle in human.
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Change of strip motility
n

-58.23±6.21a,d

Frequency (%)

Guinea-pig(C)

6

Guinea-pig(L)

6

Rat(C)

8

Rat(L)

8

-100.00±0.00a

-100.00±0.00a

Human(C)

4

-100.00±0.00a,c

-100.00±0.00a

Human(L)

4

-100.00±0.00a

-100.00±0.00a

-100.00±0.00a
-66.32±7.32a,b,e

-10.81±3.14
-100.00±0.00a
-10.76±3.21

C: circular muscle; L: longitudinal muscle. a P<0.01 vs
pretreatment; bP<0.05 vs Guinea-pig (C)group; cP<0.01 vs
Guinea-pig (C) group and Rat (C) group; dP<0.01 vs Guineapig (L) group; eP<0.01 vs Rat (L)group.

Effect of CNP on the spontaneous contraction of the gastric
body smooth muscle in various animals
CNP-induced response in the gastric body smooth muscle was
different from the response in gastric antral smooth muscle in
guinea-pigs and rats. In circular and longitudinal smooth
muscles of guinea-pig gastric body, CNP first induced a
relaxation and successively an increase in the amplitude of
spontaneous contraction (rebound contraction), but the
frequency was not changed (Figure 3A and C). After the gastric
body circular smooth muscle was pretreated with atropine, an
M receptor blocker, the rebound contraction was abolished
(Figure 3E). In the circular smooth muscle of guinea-pig body,
the percentage of inhibition was 67.21±5.32 % and the
percentage of increase was 50.22±4.67 % (Figure 3B). However,
in the longitudinal smooth muscle of guinea-pig body, the
percentage of inhibiton was 68.66±3.55 % and the percentage
of increase was 38.91±4.08 % (Figure 3D). The frequency was
not affected by CNP in the circular and longitudinal smooth
muscles of gastric body of the guinea-pig and the pre-and post
treat frequency were 6.44±0.64, 6.48±0.67 (circular smooth
muscle); 6.53±0.34, 6.55±0.29 (longitudinal smooth muscle)
respectively. After treated with atorpine, the percentages of
CNP-induced inhibition and increase were 55.33±3.23 % and
5.12±1.19 % respectively in the gastric body circular smooth
muscle of the guinea-pig (Figure 3F). In the circular and
longitudinal smooth muscles of rat gastric body, CNP induced
a transient and a slight relaxation and it was followed by the
recovery in an amplitude of spontaneous contraction, but the
frequency was not affected by CNP (Figure 4A and C). The
percentage of inhibition was 94.91±5.08 % in the circular
smooth muscle of gastric body and 94.34±5.65 % in the g
longitudinal smooth muscle of gastric body (Figure 4B and
D) respectively. After the smooth muscle was treated with
atropine, the transient and slight relaxation was replaced by
long term and complete inhibition. After treated with atorpine,
the inhibitory duration of contractile activity was lengthened
from 1.3±0.21 min to 4.88±0.34 min and the rebound
contraction disappeared in the gastric body circular smooth
muscles of the rat (Figure 4A and E).

40
20
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0

CR

-20
-40
-60
-80

a

Figure 3B Effect of CNP on spontaneous contraction in gastric
body circular smooth muscle in guinea-pig. aP<0.01 vs pretreatment.
40 mg
1 min
CNP 10-7mol·L-1

Figure 3C Effect of CNP on spontaneous contraction in gastric body longitudinal smooth muscle in guinea-pig.
60

a

40

Change of pecentage

Amplitude (%)

20

Cl

0

CR

-20
-40
-60
-80

a

Figure 3D Effect of CNP on spontaneous contraction in gastric body longitudinal smooth muscle in guinea-pig. aP<0.01
vs pretreatment.
Atropine 1 µmol·L-1
40 mg
1 min
CNP 10-7mol·L-1

Figure 3E Effect of Atropine on CNP-induced spontaneous
contraction in gastric body circular smooth muscle in guinea-pig.
20
b
Change of pecentage

Species

a

60
Change of pecentage

Table 1 Effect of CNP on spontaneous contraction of gastric
antral smooth musle in various animals (x±s)

0
-20
-40
-60

a

-80

Figure 3F Effect of Atropine on CNP-induced spontaneous
contraction in gastric body circular smooth muscle in guinea-pig.
a
P<0.01 vs pretreatment; bP>0.05 vs pretreatment.

40 mg
1 min
CNP 10-7mol·L-1

Figure 3A Effect of CNP on spontaneous contraction in gastric body circular smooth muscle in guinea-pig.

40 mg
1 min
CNP 10-7mol·L-1

Figure 4A Effect of CNP on spontaneous contraction in gastric body circular smooth muscle in rat.
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Change of pecentage

20

CN 14-1219/ R

Cl
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-20
-40
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Table 2 Effect of CNP on spontaneous contraction of gastric
fundus smooth muscle in various animals (x±s)

a

Figure 4B Effect of CNP on spontaneous contraction in gastric
body circular smooth muscle in rat. aP<0.01 vs pretreatment;
b
P>0.05 vs pretreatment.
40 mg
1 min
CNP 10-7mol·L-1

Figure 4C Effect of CNP on spontaneous contraction in gastric body longitudinal smooth muscle in rat.

Change of pecentage

20
0
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100±0.00 %, 68.66±3.55 % and 100±0.00 % respectively
(Figure 6A). The contractile amplitude was decreased by CNP
in the gastric fundus, body and antral circular smooth muscles
of the rat and the percentages of inhibition were 95.87±4.12 %,
94.91±5.08 % and 66.32±7.32 %, respectively. However, the
percentages of inhibition in the longitudinal smooth muscles
were 100±0.00 %, 94.34±5.65 % and 100±0.00 % (Figure 6B)
respectively.

b

0
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Change of strip motility

Species

n

Guinea-pig (C)
Guinea-pig (L)
Rat (C)
Rat (L)

6
6
8
8

Amplitude/%

Frequency/%

-76.77±6.21a,b
-100.00±0.00a
-95.87±4.12a,c,e
-100.00±0.00a

-12.21±3.23
-100.00±0.003a
-94.81±5.19C
-100.00±0.00a

C: circular muscle; L: longitudinal muscle; aP<0.01 vs pretreatment; aP<0.01 vs Guinea-pig (L) group; cP<0.01 vs Guineapig(C) group; eP<0.01 vs Rat(L)group.

b

40 mg
1 min

Cl
CR

CNP 10-7mol·L-1

-20

Figure 5A Effect of CNP on spontaneous contraction in gastric fundus circular smooth muscle in guinea-pig.

-40
-60

40 mg
1 min

-80
-100

a

CNP 10-7mol·L-1

Figure 4D Effect of CNP on spontaneous contraction in gastric body longitudinal smooth muscle in rat. a P<0.01 vs
pretreatment; bP>0.05 vs pretreatment.

Figure 5B Effect of CNP on spontaneous contraction in gastric
fundus circular smooth muscle in rat.

Atropine 1 µmol·L-1
40 mg
1 min

Figure 4E Effect of Atropine on CNP-induced spontaneous
contraction in gastric body circular smooth muscle in rat.

Effect of CNP on the spontaneous contraction of the gastric
fundus smooth muscle in various animals
CNP diminished the amplitude of the gastric fundus circular
smooth muscles of guinea-pigs and rats, and the percentage of
inhibition was 76.77±6.21 % and 95.87±4.12 %, respectively
(Figure 5A and B, Table2). However, the frequency of
spontaneous contraction was not affected by CNP in the g
circular smooth muscles of gastric fundus of guinea-pigs and
rats (Table2). The spontaneous contraction of gastric fundus
longitudinal smooth muscles of guinea-pigs and rats was
completely inhibited (Figure 5C and Figure 5D, Table2).
Effect of CNP on the spontaneous contraction of gastric
smooth muscles in different positions of the same animal
The contractile amplitude was decreased by CNP in the gastric
fundus, body and antral circular smooth muscles of the guineapig and the percentages of inhibition were 76.77±6.21 %,
67.21±5.32 % and 58.23±6.21 % respectively. However, the
percentages of inhibition in longitudinal smooth muscle were

CNP 10-7mol·L-1

Figure 5C Effect of CNP on spontaneous contraction in gastric fundus longitudinal smooth muscle in guinea-pig.
40 mg
1 min
CNP 10-7mol·L-1

Figure 5D Effect of CNP on spontaneous contraction in gastric fundus longitudinal smooth muscle in rat.
Percentage of lnhlbltlon

CNP 10-7mol·L-1

40 mg
1 min

100
80

a

Clrcular smooth muscle (C)
Longltudlnal smooth
muscle (L)
b

c

60
40
20
0

Fundus

Body

Antral

Figure 6A Effect of CNP on spontaneous contraction of different position in guinea-pig. aP<0.05 vs Body(C) group and Antral
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Percentage of lnhlbltlon

(C) group; aP<0.01 vs Fudus(L) group; bP<0.01 vs Fundus(L)
group and Antral(L) group; cP<0.05 vs Body(C) group; cP<0.01
vs Antral(L) group.

100

Clrcular smooth muscle
Longltudlnal smooth
muscle

a

b

80
60
40
20
0

Fundus

Body

Antral

Figure 6B Effect of CNP on spontaneous contraction of different position in rat. aP<0.01 vs Antral (C) group; bP<0.05 vs Antral
(L) group.

Effect of LY83583 and Zaparinast on CNP-induced inhibition
in the gastric antral circular smooth muscle
After the gastric antral circular smooth muscle was treated by
LY83583 10-7 mol·L-1 and zaparinast (10-7 mol·L-1) for 15 min
to regulate the generation of cGMP, the effect of CNP on gastric
motility was observed in the gastric antral circular smooth
muscle of the rat. LY83583 markedly diminished the inhibitory
effect of CNP on the spontaneous contraction, however,
zaparinast enhanced the inhibitory effect of CNP on the
spontaneous contraction (Table 3).
Table 3 Effect of LY83583 and Zaparinast on CNP-induced
inhibition in gastric circular smooth musle of rat (x±s)
Group

n

Percentage of inhibition (%)

CNP1

5

63.61±3.68

CNP1+LY

5

54.15±2.97a

CNP2

5

65.67±3.17

CNP2+Zap

5

77.67±5.86b

a

P<0.05 vs CNP1group; aP<0.05 vs CNP2 group.

DISCUSSION
In the present study, the effects of CNP on the spontaneous
contraction of gastric smooth muscles in the rat, guinea-pig
and human were comparatively investigated. The results
indicated that CNP markedly inhibited the spontaneous
contraction of gastric antral circular smooth muscles in these
three kinds of animals and the order of inhibitory potency was
human >rat> guinea-pig; CNP inhibited the contractile activity
of gastric fundus circular and longitudinal smooth muscles in
the rat and guinea-pig and this response was more obvious in
the rat than that in guinea-pig; The effects of CNP on gastric
body circular and longitudinal smooth muscles had doublephase, in which CNP first induced a relaxation and then an
increase in the amplitude of the spontaneous contraction
(rebound contraction) in the rat and guinea-pig. The response
was more distinct in the guinea-pig than that in the rat and it
disappeared after ptretreating with atropine. In the same animal,
the CNP-induced inhibition was the most potent in the gastric
fundus and the weakest in the gastric antrum, and the inhibition
was more obvious in the longitudinal smooth muscle than that
in the circular smooth muscle. Using LY83583, a guanylate
cyclase inhibitor, and zaparinast as phosphoesterase inhibitor
to regulate the generation of cGMP, the effect of CNP on
spontaneous contraction was markedly diminished by

LY83583. However, the inhibitory effect was enhanced by
zaparinast. It was similar to the result observed in intestinal
smooth muscle by Murthy et al[13].
Since CNP was isolated from the central nerve system[14],
previous studies indicated that as a neurotransmitter, CNP
exerted functions in the central nervous system [15] and
participated in the regulation of physiological functions in
many other systems. CNP was successively found in the
cardiovascular system[16,17], respiratory system[18], urinary
system[19], reproductive system[2] and sense system[20]. Since
Komatsu et al[8] found CNP in the gastrointestinal tracts of
humans and rats, there were more and more studies on the
relationship between CNP and the gastrointestinal tract. But
the study on physiological functions of CNP in gastrointestinal
tract was mainly focused on absorption, secretion and intestinal
motility[10-12]. Serial studies on natriuretic peptides regulating
gastric smooth muscles motility were not reported. In this study,
the effect of CNP on gastric motility in various animals, in
different positions and in different smooth muscles of the same
position of the same animal was comparatively investigated.
In various animals, the effects of CNP on the gastric motility
of antrum and fundus smooth muscles presented species
diversity. The order of inhibitory potency in gastric antrum
was human >rat> guinea-pig, and in gastric fundus, the order
was rat > guinea-pig. Analyzing this from the animal characters,
It was presumed that either the distribution of the CNP receptor
in gastric smooth muscle of three kinds of animals was different
or the sensitivity of CNP to CNP receptor in different animal
was diverse.
In different positions of the same animal, the effect of CNP
on gastric motility exhibited positional diversity. CNP-induced
inhibition was the most potent in gastric fundus and the weakest
in gastric antrum. The responses may be related to the structure
and function of the stomach. It was thought that the muscle
layer was the thickest in the gastric antrum and the thinnest in
the gastric fundus, and the gastric antrum played an important
role in gastric emptying while gastric fundus was related to
receptive relaxation. It indicated that the contractile function
of the gastric antrum was more potent than the function of
gastric fundus. In the same postion of the same animal, the
inhibition was more obvious in longitudinal smooth muscles
than that in circular smooth muscles. The reason was probably
that the distribution of CNP receptors showed diversity.
It is well known that NP and NO system are all cGMPgeneration system. They play a very impotant role in regulation
of multiple physiological functions. To investigate the
mechanism of CNP-induced inhibition, LY83583, a kind of
inh ib ito r o f gu any late cy clase, an d zap ar in ast, a
phosphoesterase inhibitor were used for observing the effect
of CNP on gastric motility in gastric antral circular smooth
muscle of the rats. LY83583 markedly diminished the
inhibitory effect of CNP on the spontaneous contraction,
however, zaparinast enhanced the inhibitory effect of CNP on
the spontaneous contraction. It indicated that CNP-induced
inhibition on the spontaneous contraction in the gastric smooth
muscle via the cGMP dependent pathway. Previous studies
also surported the theory, for example, CNP dilated the vascular
smooth muscle[21] and relaxed the bronchus smooth muscle[22]
via cGMP dependent pathway.
In this present study, the CNP-induced response on
spontaneous contraction of the gastric body showed doublephase, in which CNP first induced a relaxation and then
inducing rebound contractions in rats and guinea-pigs. The
response was more distinct in guinea-pigs than that in rat and
it disappeared after pretreated with atropine. The results
indicated that cholinergic M receptor participated in this CNPinduced rebound contraction of gastric body smooth muscle
in guinea-pigs and rats. Previous studies also indicated that
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vagus nerve regulated many functions of NP, for example,
ANP promoted gastric acid secretion[23], ANP, BNP and CNP
could all induce bradycardia[24] and BNP and CNP could
enhance vagus-induced response of slowing heart rate[25]. Then,
it was suggested that CNP may facilitate the cholinergic nerve
activity in gastric smooth muscles.
CNP may participate in the regulation of gastric motility as
gastrointestinal hormone or nurotransmitter. CNP-induced
inhibition has species diversity and position diversity in gastric
smooth muscles. CNP-induced inhibition on gastric motility
may be related to the increase of intracellular cGMP.

REFERENCES
1
2
3
4
5

6
7

8

9

10

11

De Bold AJ, Borenstein HB, Veress AT, Sonnenberg H. A rapid
and potent natriuretic response to intravenous injection of atrial
myocardial extracts in rats. J Am Soc Nephrol 2001; 12: 403-409
Stepan H, Leitner E, Bader M, Walther T. Organ-specific mRNA
distribution of C-type natriuretic peptide in neonatal and adult
mice. Regul Pept 2000; 95: 81-85
Woodard GE, Rosado JA, Brown J. Expression and control of Ctype natriuretic peptide in rat vascular smooth muscle cells. Am
J Physiol Regul Integr Comp Physiol 2002; 282: R156-165
Casco VH, Veinot JP, Kuroski de Bold ML, Masters RG, Stevenson
MM, de Bold AJ. Natriuretic peptide system gene expression in
human coronary arteries. J Histochem Cytochem 2002; 50: 799-809
Furuya M, Yoshida M, Hayashi Y, Ohnuma N, Minamino N,
Kangawa K, Matsuo H. C-type natriuretic peptide is a growth
inhibitor of rat vascular smooth muscle cells. Biochem Biophys Res
Commun 1991; 177: 927-931
Wang X, Xue L, Tong L. Influence of vasoactive peptides on
homocysteine-induced proliferation of cultured rabbit vascular
smooth muscle cell. Zhonghua Yixue Zazhi 1999; 79: 411-413
Ohno N, Itoh H, Ikeda T, Ueyama K, Yamahara K, Doi K,
Yamashita J, Inoue M, Masatsugu K, Sawada N, Fukunaga Y,
Sakaguchi S, Sone M, Yurugi T, Kook H, Komeda M, Nakao K.
Accelerated reendothelialization with suppressed thrombogenic
property and neointimal hyperplasia of rabbit jugular vein grafts
by adenovirus-mediated gene transfer of C-type natriuretic
peptide. Circulation 2002; 105: 1623-1626
Komatsu Y, Nakao K, Suga S, Ogawa Y, Mukoyama M, Arai H,
Shirakami G, Hosoda K, Nakagawa O, Hama N. C-type natriuretic peptide (CNP) in rats and humans. Endocrinology 1991; 129:
1104-1106
Gower WR Jr, Salhab KF, Foulis WL, Pillai N, Bundy JR, Vesely
DL, Fabri PJ, Dietz JR. Regulation of atrial natriuretic peptide
gene expression in gastric antrum by fasting. Am J Physiol Regul
Integr Comp Physiol 2000; 278: R770-780
Vuolteenaho O, Arjamaa O, Vakkuri O, Maksniemi T,Nikkila L,
Kangas J, Puurunen J, Ruskoaho H, Leppaluoto J. Atrial natriuretic peptide (ANP) in rat gastrointestinal tract. FEBS Lett 1988;
233: 79-82
Brockway PD, Hardin JA, Gall DG. Intestinal secretory response

World J Gastroenterol

12

13
14
15
16

17

18

19
20

21

22

23

24

25

March 15, 2003 Volume 9 Number 3

to atrial natriuretic peptide during postnatal development in the
rabbit. Biol Neonate 1996; 69: 60-66
Akiho H, Chijiwa Y, Okabe H, Harada N, Nawata H. Interaction between atrial natriuretic peptide and vasoactive intestinal
peptide in guinea pig cecal smooth muscle. Gastroenterology 1995;
109: 1105-1112
Murthy KS, Teng B, Jin J, Makhlouf GM. G protein-dependent
activation of smooth muscle eNOS via natriuretic peptide clearance receptor. Am J Physiol 1998; 275: C1409-1416
Sudoh T, Minamino N, Kangawa K, Matsuo H. C-type natriuretic
peptide(CNP): A new member of natriuretic peptide family identified in porcine brain. Biochem Biophys Res 1990; 168: 863-870
Minerds KL, Donald JA. Natriuretic peptide receptors in the central vasculature of the toad, Bufo marinus. Comp Biochem Physiol
A Mol Integr Physiol 2001; 128: 259-268
Doyle DD, Upshaw-Earley J, Bell EL, Palfrey HC. Natriuretic
peptide receptor-B in adult rat ventricle is predominantly confined to the nonmyocyte population. Am J Physiol Heart Circ
Physiol 2002; 282: H2117-2123
Wright RS, Wei CM, Kim CH, Kinoshita M, Matsuda Y, Aarhus
LL, Burnett JC Jr, Miller WL. C-type natriuretic peptide-mediated coronary vasodilation: role of the coronary nitric oxide and
particulate guanylate cyclase systems. J Am Coll Cardiol 1996; 28:
1031-1038
Nakanishi K, Tajima F, Itoh H, Nakata Y, Hama N, Nakagawa
O, Nakao K, Kawai T, Torikata C, Suga T, Takishima K, Aurues
T, Ikeda T. Expression of C-type natriuretic peptide during development of rat lung. Am J Physiol 1999; 277: L996-L1002
Meier SK, Toop T, Donald JA. Distribution and characterization
of natriuretic peptide receptors in the kidney of the toad, Bufo
marinus. Gen Comp Endocrinol 1999; 115: 244-253
Suzuki M, Kitanishi T, Kitano H, Yazawa Y, Kitajima K, Takeda
T, Tokunaga Y, Maeda T, Kimura H, Tooyama I. C-type natriuretic peptide-like immunoreactivity in the rat inner ear. Hear
Res 2000; 139: 51-58
Wennberg PW, Miller VM, Rabelink T, Burnett JC Jr. Further
attenuation of endothelium-dependent relaxation imparted by
natriuretic peptide receptor antagonism. Am J Physiol 1999; 277:
H1618-1621
Borges A, de Villarroel SS, Winand NJ, de Becemberg IL, Alfonzo
MJ, de Alfonzo RG. Molecular and biochemical characterization
of a CNP-sensitive guanylyl cyclase in bovine tracheal smooth
muscle. Am J Respir Cell Mol Biol 2001; 25: 98-103
Puurunen J, Ruskoaho H. Vagal-dependent stimulation of gastric acid secretion by intracerebroventricularly administered atrial
natriuretic peptide in anaesthetized rats. Eur J Pharmacol 1987;
141: 493-495
Thomas CJ, May CN, Sharma AD, Woods RL. ANP, BNP, and
CNP enhance bradycardic responses to cardiopulmonary
chemoreceptor activation in conscious sheep. Am J Physiol Regul
Integr Comp Physiol 2001; 280: R282-288
Herring N, Zaman JA, Paterson DJ. Natriuretic peptides like
NO facilitate cardiac vagal neurotransmission and bradycardia via a cGMP pathway. Am J Physiol Heart Circ Physiol 2001;
281: H2318-2327

Edited by Xu XQ

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

World J Gastroenterol 2003;9(3):553-556
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• BASIC RESEARCH •

Significance of changes of gastrointestinal peptides in blood and
ileum of experimental spleen deficiency rats
Li-Sheng Li, Rui-Yao Qu, Wei Wang, Hua Guo
Li-Sheng Li, Rui-Yao Qu, Wei Wang, Hua Guo, Department of
Physiology, Capital University of Medical Sciences, 100054, Beijing,
China
Supported by the Traditional Chinese Medicine-Drug Science and
Technology Development Foundation, Beijing City (1999-2000)
Correspondence to: Li-Sheng Li, Department of Physiology, Capital
University of Medical Sciences, 100054, Beijing, China. lls@sohu.com
Telephone: +86-10-63051492
Received: 2002-09-13 Accepted: 2002-10-31

Abstract
AIM: To explore the mechanism of spleen deficiency (SD)
by studying the relationship of gastro-intestinal peptides level
and ileal electro-mechanical activity of SD rats and cold
restrain rats.
METHODS: (1) spleen deficiency (SD) model was established
by feeding Houpou:Zhishi: Dahuang in the ratio of 3:3:2,
3 ml/time, for 42 days. (2) The cold restrain stress model:
Animals were restrained on grille and placed in a cool water
at 18 for 3 h. (3) Substance P (SP) and vasoactive intestinal
peptide (VIP) levels in all layers of initial part of ileum and
blood in rats were measured by radioimmunoassays (RIA)
while changes of electric activity and motility in ileum of
rats were recorded with electrode and strain gauge.
RESULTS: SP levels in ileum and blood of experimental SD
rats were significantly higher than that of the control groups
(9.89±5.65 vs 1.22±1.18, P<0.005, in ileum; 22.7±3.95 vs
6.60±1.47, P<0.001, in blood) while the VIP levels of the
SD rats were significantly lower than that of the controls
(3.50±2.01 vs 9.10±4.91, P<0.05, in ileum; 229.8±62.4 vs
560.4±151.3, P<0.001, in blood). As compared with the
controls, the average frequency of slow electric waves
(21.3±0.96 vs 18.2±2.28, P<0.05) and motility (21.5±0.58
vs 18±2.65, P<0.005) of SD rats increased obviously and
the frequency of fast waves of SD rat also increased. In
spontaneous recovery cases, SP levels recovered significantly
(compared with the SD groups, 2.99±0.62 vs 9.89±5.65,
P<0.001, in ileum; 14.4±4.22 vs 22.7±3.95, P<0.001, in
blood) but did not drop to normal. After the SD rats treated
with Chinese herbs (Jiawei Sijun zi Tang), SP improved
(compared with SD cases, 2.20±1.25 vs 9.89±5.65, (P<0.001),
in ileum; 10.7±1.88 vs 22.7±3.95, (P<0.001), in blood)
and VIP in blood also improved (compared with SD rats,
485.7±229.0 vs 229.8±62.4, P<0.01) while the amplitude
of motility decreased apparently (compared with the SD rats,
0.64±0.096 vs 0.89±0.15, P<0.01). The ileal SP levels of
cool stress didn’t change while the ileal VIP levels of cool
stress became significantly lower than that of the control
groups (2.87±0.87 vs 9.10±4.91, P<0.01). The blood SP
levels of cool stress were significantly higher (15.60±1.83
vs 6.60±1.47, P<0.001) whereas the blood VIP levels of
cool stress were significantly lower than that of the control
group (153.4±70.46 vs 560.4±151.30, P<0.001).
CONCLUSION: Changes of SP and VIP levels in initial part

of ileum and blood of SD rats and cool stress rats may be
closely related to the gastrointestinal motility disorders
presented in SD and cool stress rats. the Chinese herbs (Jiawei
Sijun zi Tang) currently used have partially therapeutic effect.
Li LS, Qu RY, Wang W, Guo H. Significance of changes of
gastrointestinal peptides in blood and ileum of experimental spleen
deficiency rats. World J Gastroenterol 2003; 9(3): 553-556
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INTRODUCTION
It was well known that Spleen-Stomach theory is an important
constituent of the theoretical basis of traditional Chinese
Medicine. The spleen here is not synonymous with the spleen
in western medicine anatomically, physiologically or
pathophysiologically[1-3]. Conceptually, Spleen-Stomach theory
is a comprehensive one. It mainly involves the digestive system,
its vegetative nervous system, immunologic function,
hemopoiesis, muscle metabolism, endocrine function, hepatic
metabolic function, protein, nucleotide, energy, water and salt
metabolism.
In recent years, the field of gastrointestinal hormones has
expanded at a dazzling speed. The successful isolation of some
gastrointestinal hormones and development of sensitive assays
for their detection have led to many unexpected findings[4].
Gastrointestinal hormones as regulatory peptides appear to be
major components of bodily integration and have important
regulatory actions on physiological function of gastrointestinal
tract [5-17]. Some studies indicated that spleen deficiency
syndrome (SDS) was closely related with gastrointestinal
hormones[18-21].
But up to now, the mechanisms of the relationship between
gastrointestinal peptides levels and gastrointestinal functional
disorder in SD still remain unclear[22-31]. We tried to explore
the relationship between SDS and gastrointestinal hormones
by measuring SP and VIP, and by using electrode and highly
sensitive strain sensor to record alterations of ileum activity
and ileum motility in SD and cool stress rats.
MATERIALS AND METHODS
Experimental animals
Healthy adult male Wistar rats (provided by Experimental
Animal center, capital university of medical sciences),
weighing 0.12-0.17 kg were used in this study. They were
caged in an air conditioned room (23+2 ).
Sijunzi decoction (SJZD), composed of ginseng, Atractylodes,
Poria, Glycyrrhiza, It was prepared by routine method of
decocting the crude herbal medicine twice. The filtered
medication was preserved in refrigerator at 4 .
Fifty rats were randomly divided into five groups: (1) control
group: The rats were fed standard rat chow and water ad labium.
(2) experimental SD model group. by feeding Houpou: Zhishi:
Dahuang (3:3:2), 3 ml/time, 42 day. (3) Spontaneous recovery
group. (4) SJZD treated group. (5) cold stress group: rats were
restrained on grille and placed in cool water at 18
for 3 h.
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Table 3 Changes of electric-mechanical activity in ileum (x±s)
Main frequency (time/min)

Average frequency (time/min )

Slow wave

Motility

Slow wave

Control group

17.5±2.05

18.5±1.7

18.2±2.28

18±2.65

0.30±0.26

0.43±0.31

SD group

17.4±0.79

18.0±0.69

21.3±0.96b

21.5±0.58a

0.31±0.24

0.89±0.15b

Spontaneous recovery group

16.8±7.8

16.8±1.3

20.5±5.5

19.1±4.85

0.25±0.103

0.77±0.65

Treated group

13.8±3.92

16.1±3.36

20.0±4.04

19.0±3.61

0.14±0.015

0.64±0.096c

Cool stress group

16.5±2.67

15.7±1.1

15.2±2.01

16±2.17

0.27±0.11

0.33±0.12

a

Motility

Amplitude (time/min )
Slow wave

Motility

P<0.005, vs control group; bP<0.05, vs control group; cP<0.01, vs SD group.

Measurements
Radioimmunoassay (RIA) of SP and VIP in these samples was
conducted with kits purchased from Beijing HaiKerui
Biological technique center. The concentrations of SP, VIP
were measured with radioimmunoassay kits. Under anesthesia,
the abdomen was opened and the samples were taken as
follows: (1) Blood samples of 5-6 ml from the heart were
collected in tubes, the plasma was immediately separated by
centrifugation, then was frozen and stored at -20
until
analysis. (2) The initial part of ileal tissue were removed, rinsed
and weighed, then were put into a tube with boiling water.
The tube was plunged into vigorous boiling water for 3 minutes,
then it was cooled down and homogenized for 10 minutes.
After centrifugation at 3 000 r/min for 5 minutes, the
until assay.
supernatant was collected and stored at -20
All groups fasted for 18 h before operating, anesthetized
by 20 % urethane, the abdomen was opened, then the sliver
electrodes and strain gauge were implanted on the initial part
of ileum. The changes of electric slow wave and motility of
ileum were recorded. Electrode wires were passed through the
abdominal muscle and fixed on the skin. All data were handled
by a two-channel physiological recorder and a computer.
The cold restrain stress model: Animals were restrained
for 3 h.
on grille and placed in a cool water at 18
Statistical analysis
Data were expressed as mean ± standard deviation. Experimental
results were analyzed by t tests was determined P<0.05 was
considered statistically significant.
RESULTS
To assess the changes of gut peptides of gastrointestinal
functional disorder in SD rats and cold restraint rats, we
measured the plasma levels of SP and VIP and those in the
initial part of the ileum. SP levels in ileum and blood of
experimental SD rats were significantly higher than those of
the control groups (P<0.005, in ileum; P<0.001, in blood) while
the VIP levels of the SD rats were significantly lower than
those of the controls (P<0.05 in Ileum, P<0.001, in blood). In
spontaneous recovery cases, SP levels recovered significantly
(compared with the SD groups, P<0.001) and did not drop to
normal. After the SD rats were treated with Chinese herbs
(Jiawei Sijun Zi Tang), SP was improved (compared with SD
cases, P<0.001) and VIP in blood was also improved
(compared with SD rats, P<0.01. SP levels in ileum of cool
stress didn’t change while the VIP levels were significantly
lower than that of the controls groups (P<0.01). SP levels in
blood of cool stress were significantly higher (P<0.001) while
the VIP levels were significantly lower than that of the control
groups (P<0.001), Table 1-2.
As compared with the controls, average frequency of slow
electric waves (P<0.05) and motility (P<0.05) of SD rats

increased obviously while the amplitude of motility decreased
apparently (P<0.05), Table 3.
Table 1 Changes of SP and VIP in plasma (x±s, µg·L-1)
Group

n

SP

VIP

Control group

7

6.60±1.47

560.40±151.30

SD group

8

22.7±3.95a

229.8±62.4a

Spontaneous recovery group

7

14.4±4.22

332.7±119.1

Treated group

7

10.7±1.88b

Cool stress group

7

15.60±1.83

c

a

485.7±229.0c
153.4±70.46 a

a
P<0.001, vs control group; bP<0.001, vs SD group; cP<0.01, vs
SD group.

Table 2 Changes of SP and VIP in ileum (WB/ρg·mg-1. x±s)
Group

n

SP

Control group

7

1.22±1.18

SD group

8

Spontaneous recovery group
Treated group
Cool stress group

VIP
9.10±4.91

9.89±5.65

a

3.50±2.01c

7

2.99±0.62

b

4.11±0.83

7

2.20±1.25b

4.48±1.14

7

0.57±0.51

2.87±0.87c

a
P<0.005, vs control group; bP<0.001, vs SD group; cP<0.01, vs
control group.

DISCUSSION
Spleen is one of the five solid organs, which in Traditional
Chinese Medicine (TCM), does not completely match the organ
designated in western medicine from the standpoint of
structure, location and function. It has the functions of digesting
food, absorbing and transporting nutrients to the body tissues.
The spleen also serves to control the blood and to keep the
blood circulating within the vessels, and takes part in the
regulation of fluid metabolism[32-38]. Spleen-Stomach theory
forms the basis of diagnostic approach and treatment of SpleenStomach disease, Spleen deficiency syndrome is a multisystem
and multiorgan functional impairment, but mainly manifest as
digestive tract disturbance. Experimental researches on animal
model and clinical studies on spleen deficiency syndrome have
yielded fruitful results in this field which lead to a better
understanding of its mechanism and help open a new avenue
for treatment of diseases relevant to Spleen deficiency[21,39-47].
The Spleen stomach has various physiologic functions. such
as: Spleen governs transport and transformation, Spleenstomach transforms food into nutrients which are the sources
of Qi and blood. Stomach governs down-bearing function and
spleen governs up-bearing which signify the motility, secretory,
assimilative, absorptive and dispersing functions of upper
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digestive tract, among which, gut hormones are involved[20,48-50].
Dysfunction of up-and down-bearing function of spleenstomach can cause gastrointestinal disturbances and various
spleen deficiency syndromes[1,2,19,20,51,52].
SP and VIP are both important gut Peptides, SP and VIP
partly distributed in the mucosa of gastric antrum, the mucosa
of the jejunum, ileum. And the central nervous system SP has
a wide range of biological actions. In the intestine, VIP
markedly stimulates intestinal secretion of electrolytes and
hence of water. Its other actions include relaxation of intestinal
smooth muscle; sphincters; dilation of peripheral blood vessels;
and inhibition of gastric acid secretion.
Our previous studies included: The use of electrode and
highly sensitive sensor to record alteration of gut electric
activity and motility. To explore the potential role of gut
peptides in spleen deficiency (SD), we studied immunoreactive
Substance P, VIP, Calcitonin Gene Related Peptide (CGRP)
levels in gastric antrum, duodenum and jejunual tissues in
experimental SD rats by radioimmunoassys (RIA). The study
suggested that motion frequency of several regions in SD rats
was lower than that of control and treatment groups,
respectively (P<0.05). The minimal amplitude of electric
activity was also lower than that of control and treatment
respectively (P<0.05). Correlation between motion frequency
and its total amplitude index was different from various regions,
the time of MMC was obviously less than that of the control,
and the amplitude of motility was significantly higher than
that of the control. The SP, VIP levels in antrum of SD rats
were obviously less than that of the control, whereas, the SP
and VIP levels in duodenum of SD rats were obviously higher
than that of control (P<0.05), but in jejunum only SP levels
increased obviously than that of the control (P<0.05). The VIP
level in duodenum of SD rats was significantly less than that
of treatment group (P<0.05), but VIP level of treatment group
was higher than that of the control (P<0.05). As to CGRP level
in antrum and small intestine, there was no obvious difference
among the 3 groups.
The present study reveals changes SP and VIP in ileum of
SD rats and cool stress rat. All these data imply that changes
of SP and VIP levels in the antrum and the small intestine of
SD rats may be closely related with the dysmotility of
gastrointestinal , malabsorption and diarrhea. The Chinese herb
(si junzi Tang) is capable of improving the spleen deficiency
significantly and gastrointestinal electro-mechanical activity.
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Abstract
AIM: To investigate the effect of pinaverium bromide, a Ltype calcium channel blocker with selectivity for the
gastrointestinal tract on contractile activity of colonic circular
smooth muscle in normal or cold-restraint stressed rats and
its possible mechanism.
METHODS: Cold-restraint stress was conducted on rats to
increase fecal pellets output. Each isolated colonic circular
muscle strip was suspended in a tissue chamber containing
warm oxygenated Tyrode-Ringer solution. The contractile
response to ACh or KCl was measured isometrically on inkwriting recorder. Incubated muscle in different concentrations
of pinaverium and the effects of pinaverium were investigated
on ACh or KCl-induced contraction. Colon smooth muscle
cells were cultured from rats and [Ca2+]i was measured in
cell suspension using the Ca2+ fluorescent dye fura-2/AM.
RESULTS: During stress, rats fecal pellet output increased
61 % (P<0.01). Stimulated with ACh or KCl, the muscle
contractility was higher in stress than that in control.
Pinaverium inhibited the increment of [Ca2+]i and the muscle
contraction in response to ACh or KCl in a dose dependent
manner. A significant inhibition of pinaverium to ACh or KCl
induced [Ca2+]i increment was observed at 10-6 mol/L. The
IC50 values for inhibition of ACh induced contraction for the
stress and control group were 1.66×10-6 mol/L and 0.91×10-6
mol/L, respectively. The IC50 values for inhibition of KCl
induced contraction for the stress and control group were
8.13×10-7 mol/L and 3.80×10-7 mol/L, respectively.
CONCLUSION: Increase in [Ca ]i of smooth muscle cells is
directly related to the generation of contraction force in colon.
L-type Ca2+ channels represent the main route of Ca2+ entry.
Pinaverium inhibits the calcium influx through L-type channels;
decreases the contractile response to many kinds of agonists
and regulates the stress-induced colon hypermotility.
2+
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional

gastrointestinal disorder in which abdominal pain is associated
with changes of bowel habit and abdominal distension[1,35]. The
pathophysiological mechanisms for IBS are not clear and
therefore the therapy is usually empirical. Abnormal
contraction of intestinal smooth muscle may be important in
producing the main IBS symptoms[2-5,43], thus, modifying the
contractility is often the major aim in the treatment of IBS[6,7].
Pinaverium bromide, a L-type calcium channel blocker with
selectivity for the gastrointestinal tract, effectively relieves
pain, diarrhea and intestinal discomfort, provides good
therapeutic efficacies without significant adverse effects on
IBS patients[8-10].
To evaluate the rational use of calcium channel blockers in
colonic motor activity affecting the contraction of smooth
muscle and to explorer the physiopathology in such functional
bowel disorders, we conducted cold-restraint stress on rats to
induce fecal pellet output increased, investigated changes in
contractility of circular muscle isolated from stressed colon
treated with or without pinaverium. In addition, to further
clarify the mechanism in the action of pinaverium we cultured
colonic smooth muscle cells from rats, analyzed the influence
of pinaverium on the free cytoplasmic Ca2+ concentration
([Ca2+]i). The circular muscle was chosen because it was the
musculature predominantly responsible for propulsive
contractile activity.

MATERIALS AND METHODS
Animal model
Male Wister rats, weighing 250-300 g, were housed in
individual cages and provided with standard rodent chow and
tap water for at least one week prior to the experiment. Room
temperature was maintained at 25-28 . Rats were deprived
of food but not water for 24 h before testing. Rats were studied
for 2 h in normal living cages at room temperature (control,
no stressed animals) or in wire-mesh restraining cylinders
(5.5 cm in diameter×18.5 cm in length) placed in a cold (4-6 )
environment (cold-restraint stressed animals). The quality of
fecal pellets expelled by each animal was measured after 2 h.
Recording of contractile responses to the stimulation of agonist
Each animal was killed by cervical dislocation, and the
segments of distal colon (4 cm from anus) were removed.
Circular smooth muscle strips (2 mm×8 mm) were prepared
by separating the mucosa and serosa from the muscle layers.
Muscle strips were mounted in individual tissue baths
containing warm (37 ) oxygenated (95 % O2 and 5 % CO2)
Tyrode-Ringer solution (pH7.4, composition in mmol/L: 137
NaCl, 5.4 KCl, 0.5 MgCl2, 1.8 CaCl2, 11.9 NaHCO3, 0.4
NaH2PO 4, 5 Glucose) and attached to an isometric force
transducer. The contractile activity was detected as change of
tension, which was generated by circular muscle[39-41]; the
contractile response was measured isometrically on ink-writing
recorder and the data were expressed as milli-Newton per
square millimeter (mN/mm2).
Muscle strips from the control and stressed rats were
randomly stimulated by ACh (10-5 mol/L) or KCl (60 mmol/L).
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To investigate the effect of pinaverium bromide on muscle
contractility, each muscle strip was stimulated by ACh or
KCl twice before and twice after introduction of pinaverium
(10-7-3×10-5mol/L) following at least a 15 min equilibration
period for each concentration of the blocker in Tyrode-Ringer
solution. For a single strip, up to three different concentrations
of pinaverium were applied cumulatively. Mean values obtained
before and after the treatment of the blocker were compared.
The contractile response to pinaverium was expressed as the
percent of decreased response in the control recorded
immediately before exposure to the calcium channel blocker.

Isolation and culture of colonic smooth muscle cells
Smooth muscle cells were isolated from the colon of rats by
two consecutive digestions with collagenase respectively,
following the method previously described[11]. Briefly, after
peeling off the serosal and mucosal layers, muscle tissues were
minced into small pieces of 2 to 3 mm2 and incubated in culture
medium A (pH7.4, composition in mmol/L: 25 HEPES, 120
NaCl, 4 KCl, 2 CaCl2, 0.6 MgSO4,2.6 KH2PO4 and 14 glucose)
containing 0.1 % collagenase, 0.1 % BSA, and 0.01 % soybean
trypsion inhibitor for 40 min at 31 , the culture medium was
filtered through a nylon mesh. The filtrate, which contained
isolated cells, was diluted with enzyme-free culture medium
A and centrifuged at 150 g for 5 min. The cell pellet was then
diluted in PBS. The remaining tissue from the first incubation
was reincubated in culture medium A for 30 min at 31 and
fragments were dispersed into single cells by passages in and
out the inverted wide end of a 5-ml pipette. The acquired cell
suspension was filtered through a nylon mesh (500 µm).
Isolated cells from the two incubations were pooled and
counted. Freshly isolated colonic muscle cells were
resuspended in DMEM medium with high glucose (12 mmol/
L), sodium pyruvate (1 mmol/L), 10 % heat-inactivated fetal
bovine serum and antibiotics (100 UI/mL penicillin G, 100
UI/mL streptomycin, 50 µg/mL gentamicin and 3 µg/mL
amphotericin B). Cells were plated in sterile flasks at a density
in a humidified
of 5×10 4 cells/mL and incubated at 37
atmosphere with 5 % CO2. Culture medium was exchanged
every 3 d. Only those cells that were cultured for 14 to 17 days
were used for subsequent studies.
Measurement of [Ca2+]i in colonic smooth muscle cells
After the cultured cells were digested with 0.125 % trypsin,
[Ca2+]i was measured in cell suspension (106 cells/ml) using
the Ca2+ fluorescent dye fura-2/AM as described by Shi et al[11].
Muscle cells were suspended in a modified HEPES buffer
containing (in mmol/L) 10 HEPES, 125 NaCl, 5 KCl, 1 CaCl2,
0.5 MgSO4 and 5 glucose, and were incubated with 5 µmol/L
fura-2/AM for 30 min at 37 . The fura-2/AM treated samples
were diluted, centrifuged twice, and suspended in 1.5 ml
solution with the same composition for immediate
measurement of [Ca2+]i. Fluorescence was measured at 510nm
with excitation wavelengths alternating between 340nm and
380nm. Autofluorescence value of unloaded cells was
subtracted from the fluorescence value of fura-2/AM treated
cells. The [Ca2+]i was calculated from the fluorescence ratio
(R=F340/F380), [Ca 2+ ] i =Kd·(R-Rmin)/(Rmax-R). The
dissociation constant (Kd) of 224 nmol/L was used for fura-2/
AM. The maximum and minimum fluorescence value were
determined after adding 10 %Triton-X100 and 5 mmol/L
EGTA, respectively, in each sample.
To investigate the effect of pinaverium bromide on [Ca2+]i,
cells were incubated for 20 min in HEPES buffer containing
pinaverium (10-7-10-5 mol/L) before the stimulation of agonists.
Statistical analysis
All values were expressed as x±s. Statistical analysis was done
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by one-way analysis of variance and the Student’s t-test for
unpaired observations. P<0.05 was considered statistically
significant.

RESULTS
Defecation during stress
Cold-restraint stress significantly increased fecal pellet output.
During 2 h, there were 2.40±1.23 fecal pellets in the stressed
rats vs 1.49±1.04 in the control (n=45 each, P<0.001). In
addition, stressed rats showed a higher incidence of poorly
formed fecal pellets, which appeared to contain more fluid.
After the cold-restraint stress for 2 hours, there was no
gastric ulcers in rats, and the histological examination on the
colon showed that no inflammatory responses (erosion, ulcer,
edema, petechia, etc.) were found.
Effect of stress on colonic contractility
In the Tyrode-Ringer solution, ACh or KCl induced colonic
circular muscle contraction and produced increase in force.
Contractility of muscle in the stress group was significantly
higher than that in control group (P<0.05) (Table 1).
Table 1 Contractile response to ACh and KCl in colonic circular muscle (mN/mm2, x±s)

Control
Stress
a

ACh (10-5 mol/L)

KCl (60 mmol/L)

71.56±19.36 (n=8)
109.66±34.42a (n=8)

73.85±13.08 (n=9)
119.54±19.06a (n=8)

P<0.05, vs control.

Effect of Pinaverium on smooth muscle contractility
Pinaverium bromide inhibited the contractile response to ACh
or KCl in the control and stressed colonic circular muscle in
a dose dependent manner. The IC50 value for inhibition of
10-5 mol/L ACh induced contraction in the stress group was
1.66×10-6 mol/L, and in the control was 0.91×10-6 mol/L. Effects
of pinaverium on stressed colon were not significantly different
from that in the control except for the effects of 3×10-6 mol/L
and 10 -5 mol/L. The inhibitory response at the maximum
concentration of 3×10-5 mol/L pinaverium was 99.57±0.62 %
(n=8) and 98.24±1.92 % (n=7), respectively, in the stress
and the control group there was no significant difference
between them (P>0.05). Concentration-response curve was
shown in Figure 1.
Control
Percent lnhibition (%)
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Figure 1 Effect of pinaverium on ACh-induced colonic circular muscle contraction. aP<0.05, vs control.

The IC 50 values for the inhibition of 60 mmol/L KCl
induced contraction in the stress group and control group were
8.13×10-7 mol/L, and 3.80×10-7 mol/L, respectively. Effects of
pinaverium on stressed colon were significantly different from
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that in the control at 3×10-7 mol/L and 10-6 mol/L.The inhibitory
response of pinaverium at 3×10-5 mol/L was 99.68±0.44 % and
99.54±0.65 %, respectively, in the stress and the control group
there was no significant difference between them (P>0.05). It
was shown in Figure 2.

Percent lnhibition (%)
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280
260
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Effect of Pinaverium on [Ca2+]i
ACh at 10-5 mol/L evoked a rapid increase in [Ca2+]i that reached
a peak in 10-15 s (Figure 3A). Similarly, 60 mmol/L KCl
increased [Ca2+]i in colonic muscle cells, the peak [Ca2+]i was
reached at 15-20 s (Figure 3B). Figure 3 also showed that the
force of contraction in colonic muscle had no linear relationship
with [Ca2+]i and both velocity and amplitude of [Ca2+]i increment
in contraction were directly related to the force generation.
Pinaverium inhibited the increment of [Ca2+]i in response
to ACh or KCl in a dose dependent manner. A significant
inhibition to 10-5 mol/L ACh or 60 mM KCl was observed at
10-6 mol/L pinaverium, as expressed in Table 2.
Table 2 Effect of pinaverium bromide on the increment of
[Ca2+]i ( [Ca2+]i) in response to ACh and KCl (nmmol/L, x±s)

Figure 2 Effect of pinaverium on KCl-induced colonic circular
muscle contraction. aP<0.05, vs control.

200
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160 180

500 mg
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3 min
ACh stimulate wash out

240
KCl

170
60 Time (sec) 120

160

500 mg

20

Concentration of
pinaverium (mol/L)

ACh (10-5 mol/L)
(n=7)

KCl (60 mmol/L)
(n=6)

0

94.78±15.99

64.61±8.06

10-7

83.57±13.54

55.73±17.39

10-6

34.73±13.98a

41.71±1.61a

10-5

27.09±5.64a

40.34±10.96a

Figures in this table are the increment of [Ca2+]i in response to
ACh and KCl. [Ca2+]i=[Ca2+]iAfter (ACh,KCl) stimulated-[Ca2+]iBefore (ACh,
a
KCl) stimulated. P<0.05, vs pinaverium 0 mmol/L.

ACh

[Ca2+]i (nM)
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3 min
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Figure 3 Effect of ACh and KCl on [Ca2+]i and contraction of
colonic smooth muscle.

DISCUSSION
Different types of stresses play important roles in the onset
and modulation of IBS symptoms[12-18]. Our results showed that
cold-restraint stress significantly increased fecal pellet output
in rats; which appeared to be the results of an increased colonic
motility. There was no gastric ulcer or histological changes on
the colon in the model of stressed rats, so it was an appropriate
animal model to investigate the functional intestinal dysmotility
such as IBS. In vitro studies using colonic smooth muscle strips
obtained from rats showed that stress was accompanied by an
increase in the contractility of muscle, it may be the reason for
the colonic dysmotility.
Abnormal contraction of intestinal smooth muscle may be
important in the pathology of IBS symptoms, thus, modifying
the contractility is often the major aim in treating IBS[6,7,19]. A
new approach to such disorder is based on the fact that Ca2+ is
involved in the mechanism of excitation-contraction coupling,
which directly or indirectly controls the contractility of smooth
muscle[44]. [Ca2+]i regulates the contractile state of smooth
muscle; increase of [Ca 2+ ] i is the primary stimulus for
contraction [20-22]. Elevation of [Ca 2+ ] i in contraction is
accomplished by Ca 2+ entry from extracellular and/or
intracellular release of Ca2+ from sarcoplasmic reticulum.
Between these two Ca2+ mobilization pathways, Ca2+ influx
from extracellular plays a major role in the contraction of
colonic smooth muscle[23-29,34]. L-type voltage-depended Ca2+
channel represents the main route of entry of inward Ca2+
current that is gated by potential in smooth muscle cells,
particularly in the gastrointestinal tract. Thus, activation of Ca2+
channel represents the final ‘common path’ of all mechanisms
that regulate muscle contractility[32,36]. So important are these
mechanisms in regulating[Ca2+]i and the contractile state of
smooth muscle that minor defects in function can greatly affect
the mechanical activity of colon[11,30,31,33].
In this study, we investigated the contractile response to
KCl and ACh in colonic circular smooth muscle in rats. KCl
can induce depolarization of the plasma membrane, activate
the voltage-dependent Ca2+ channel (dihydropyridine-sensitive
L-type Ca2+ channel), which results in increase of [Ca2+]i and
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force generation. ACh is one of the most important
neurotransmitters in gastrointestinal. ACh can activate
Muscarinic M2 receptors, then non-selective cation channels
(NSCC) will be opened. The amount of Ca2+ entry through
NSCC is controversial, but these channels yield depolarization
that activates L-type Ca2+ channels, Ca2+ entering cells[25].
We found that the force of contraction in colonic muscle
was related nonlinearly to [Ca2+]i; however both velocity and
amplitude of [Ca2+]i increment in muscle cells were directly
related to the force generation. Pinaverium bromide is a Ltype calcium channel blocker with selectivity for the
gastrointestinal used in the treatment of IBS[37,38,42]. Our work
demonstrated that pinaverium inhibited both neurohormonal
(ACh) and depolarization (KCl)-induced increment of [Ca2+]i
and contraction of colonic circular muscle in a dose dependent
manner. The contractile responses were almost completely
blocked at the maximum concentration of 3×10 -5 mol/L
pinaverium, which indicated that repaid influx of Ca2+ through
L-type calcium channels played a major role in contractions
of colon. Pinaverium acted on colonic muscle, and reduced
the plateau phase of slow wave, thereby inhibited influx of
Ca2+, abolished the accompanying contractile activity[32]. In
normal Ca2+-contain buffer, the contractile responses to ACh
and KCl were significantly increased in stress group than those
in control group which indicated that more the contractile
response was depended on extracellular Ca2+ in the stress state
and that influx of Ca2+ through the cell membrane was increased.
The IC50 values (deduced from the concentration-response
curves) for inhibition of ACh or KCl induced contraction in the
stress group were higher than those in the control group, indicated
that increased contractility of stressed colon may in part be due
to the increased Ca2+ influx through the L-type channels.
Our experiments in insolated circular smooth muscle from
rats demonstrated that alterations of the muscle calciumhandling properties was responsible for the increased
contractility in colon. However, the precise contribution of
these pathways in the intact conscious state can only be
speculated. The colonic circular muscle of rat can generate
three distinct types of contractions: rhythmic phasic
contractions, giant migrating contractions and tone. The
amplitudes, durations and motility functions of these
contractions differ widely. Because Ca2+ is a critical second
messenger in the contraction of these cells and the amplitude
and duration of cell contraction are correlated with [Ca2+]i, it
is likely that the three types of contractions would utilize Ca2+
sources differently. The increase of Ca2+ influx through L-type
channels may be the reason why colonic smooth muscle
exhibits hypermotility during stress.
Our study shows that increase of [Ca2+]i in smooth muscle
cells is directly related to the generation of contraction force
in colon. L-type Ca2+ channels represent the main route of Ca2+
entry. Colonic circular muscle hypermotility in rats induced
by cold-restraint stress is the result of an increased influx of
extracellular Ca2+ through L-type Ca2+ channels. These studies
provide a rationale for the use of pinaverium bromide in the
treatment of colonic motor disorders (such as IBS) where
excessive contraction need to be suppressed.
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Abstract
AIM: To study the role of mitochondrial dysfunction in
hydrogen peroxide-induced apoptosis of intestinal epithelial
cells.
METHODS: Hydrogen peroxide-induced apoptosis of human
intestinal epithelial cell line SW-480 was established. Cell
apoptosis was determined by Annexin-V and PI doublestained flow cytometry and DNA gel electrophoresis.
Morphological changes were examined with light and electron
microscopy. For other observations, mitochondrial function,
cytochrome c release, mitochondrial translocation and
membrane potential were determined simultaneously.
RESULTS: Percentage of apoptotic cells induced with 400
µmol/L hydrogen peroxide increased significantly at l h or 3
h after stimulation and recovered rapidly. Meanwhile
percentage of apoptotic cells induced with 4 mmol/L
hydrogen peroxide increased with time. In accordance with
these changes, we observed decreased mitochondrial
function in 400 µmol/L H2O2-stimualted cells at 1 h or 3 h
and in 4 mmol/L H2O2-stimualted cells at times examined.
Correspondingly, swelling cristae and vacuole-like
mitochondria were noted. Release of cytochrome c,
decreased mitochondrial membrane potential and
mitochondrial translocation were also found to be the early
signs of apoptosis.
CONCLUSION: Dysfunctional mitochondria play a role in
the apoptosis of SW-480 cell line induced by hydrogen
peroxide.
Li JM, Zhou H, Cai Q, Xiao GX. Role of mitochondrial dysfunction
in hydrogen peroxide-induced apoptosis of intestinal epithelial
cells. World J Gastroenterol 2003; 9(3): 562-567
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INTRODUCTION
Hidden injuries of gut during the early stage of severe burn may
contribute to early translocation of bacteria or its endotoxin.
Although the mechanisms of gut barrier dysfunction postburn
are unclear[1-10], evidences recently indicate that apoptosis of
intestinal epithelial cells after thermal injury may be one of
possible factors leading to gut barrier dysfunction[11,12]. Apoptosis
of intestinal epithelial cells induced by excessive reactive oxygen

species released by activated polymorphonuclear leukocytes and
vascular endothelia cells plays a role in the pathogenesis of
dysfunction of intestinal mucosa. Besides, the role of
mitochondrion in the development of apoptosis has been
emphasized recently [13]. We have found that differential
expression of mitochondrial genes encoding cytochrome c
oxidase and ATPase was involved in apoptosis of intestinal
epithelial cells by affecting activities of cytochorme c oxidase
and ATPase[14]. So mitochondrial dysfunction may contribute
to the apoptosis of intestinal epithelial cells. In the present study,
possible relationship between mitochondrial dysfunction and
apoptosis was studied in hydrogen peroxide-induced apoptosis
model of SW-480 cells.

MATERIALS AND METHODS
Cell line and culture
Human intestinal epithelial cell line SW-480 stored routinely
in our laboratory was cultured in RPMI1640 supplemented
with 10 %(V/V) heat-inactivated newborn calf serum
(Hyclone), 100 units/ml of penicillin, 0.1 mg/ml streptomycin
in a humidified 5 % CO2
and 2 mM l-glutamine at 37
incubator. Confluent cells were prepared for further studies.
Treatment
Experimental cells were treated with 4 mmol/L or 400 µmol/L
hydrogen peroxide. Cells without stimulation by hydrogen
peroxide were prepared as control.
Transmission electron microscopy
Samples were fixed, embedded and sectioned routinely.
Ultrastructural changes of mitochondria were observed with
transmission electron microscopy.
Assessment of apoptosis by Annexin-V and PI doublestaining flow cytometry
Annexin-V and PI double staining kit (Roche) was used to
assess apoptosis in hydrogen peroxide-stimulated SW-480
cells. Ten thousands of cells were counted, and data acquisition
and analysis were performed in a Becton Dickinson FACScan flow cytometer using the CellQuest software.
DNA fragmentation analysis
The DNA fragmentation pattern (DNA ladder) was demonstrated
by agarose gel electrophoresis described previously[15].
Determination of cytochrome c release by cell immunochemistry
Cells were grown on glass cover slips. After treated with
4 mmol/L or 400 µmol/L hydrogen peroxide, samples were
fixed in 10 % neutral formaldehyde solution for 30 min with PBS
rinsing for several times. Then, cells were stained by overnight
incubation with 100-fold diluted rabbit anti-human cytochrome c
polyclonal antibody (Oncogene) at 4 , followed by extensive
washing with phosphate-buffered saline and a 30 min incubation
with biotin-binding goat anti-rabbit antibody. After another 30
min incubation with horseradish peroxides conjugated
ovalbumin, the specimens were colorized and photographed.
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MTT assay
Mitochondrial function was assessed by MTT (3, (4,5dimtthylthiazol- 2-yl) 2, 5-diphenyltetrazolium bromide) assay
as described previously[16]. Cells were cultured in 96-well plates
5 000 cells for each well at 37
in a humidified 5 % CO2
incubator. Confluent cells were prepared for further studies.
After treated with hydrogen peroxides and washed with
phosphate-buffered saline, cells were incubated with MTT
(2 µg/ml, Sigma) and RPMI1640 medium without serum at
37
for 1 h and dissolved with dimethyl sulphoxide. The
absorbance at 570nm, which represented the total
mitochondrial function, was recorded.
Measurement of mitochondrial membrane potential
Cells were grown on glass cover slips. After treated with
4 mmol/L or 400 µmol/L hydrogen peroxide, cells were
incubated with Rhodamine 123 (1 µmol/L, Molecular probe)
and RPMI1640 medium without serum at 37
for 30 min,
fluorescence intensity was determined by confocal microscope
(Leica) with fixed parameters, cells in three random-selected
visual fields from each group were scanned and analysised.
Mitochondrial translocation assay
As described previously, cells were seeded in chambered cover
slips and preincubated overnight at 37 in a humidified 5 %
CO2 air incubator. After the cells were treated with hydrogen
peroxide, mitochondria were stained with Rhodamine 123 for
30 min at 37 before analysis. The distribution of mitochondria
was analyzed with a Zeiss TSTN confocal microscope[17].
Statistical analysis
Data were summarized as mean ±SD. Student’s t test was used
for multiple comparisons between groups. P values less than
0.05 were considered to be statistically significant.
RESULTS
Effects of hydrogen peroxide on apoptosis of SW-480 cells
Percentage of apoptotic cells induced with 400 µmol/L
hydrogen peroxide increased significantly at l h or 3 h after
stimulation and recovered rapidly. Meanwhile percentage of
apoptotic cells induced with 4 mmol/L hydrogen peroxide
increased with the time, which indicated that the irreversible
changes had taken place (Table 1).
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DNA fragmentation analysis
DNA ladder in both 4 mmol/L and 400 µmol/L H2O2-stimualted
groups were clearly observed by DNA fragmentation assay at
1h or 3h after stimulation (Figure 1).
1

2

3

4

5

6

7

Figure 1 Hydrogen peroxide induced apoptosis of SW-480
cells. 1: PBR322/Hinf I (75, 154, 220, 221, 298, 344, 396, 504,
517, 1632); 2, 3: cells from normal control; 4: 4 mmol/L H2O2stimualted cells (1 h); 5: 4 mmol/L H2O2-stimualted cells (3h);
6: 400 µmol/L H2O2-stimualted cells (1 h) 7: 400 µmol/L H2O2stimualted cells (3 h).

MTT assay
The MTT assay is based on the conversion of MTT (light
yellow) to formazan (blue) by the mitochondrial enzyme
succinate dehydrogenase and has been widely used as an
indicator of cellular respiration and viability[3]. We observed
decreased mitochondrial function in 400 µmol/L H 2O 2stimualted cells at 1 h or 3 h after stimulation and in 4 mmol/
L H 2O 2 -stimualted cells at times examined (Table 2).
Interestingly, these changes were in accordance with the
apoptosis induced by hydrogen peroxide.
Ultrasstructural changes of mitochondria
Swelling cristae and vacuole-like mitochondria were found in
hydrogen peroxide -treated cells.
Translocation of mitochondria
Mitochondria were observed to be evolved from an originally
scattered, bipolar and nearly symmetric distribution to the
asymmetric clustered state in the majority of cells treated with
H2O2 (Figure 2).

Table 1 Percentage of apoptotic cells induced with hydrogen peroxide at different time after stimulation
Group

0h

1h

400 µmol/L

10.93±0.63

19.47±0.36a

19.81±1.82a

12.32±1.67

13.61±1.24

12.72±0.72

4 mmol/L

10.93±0.63

20.84±1.47

32.25±1.37a

39.48±4.26a

57.91±9.82a

69.05±11.62a

a

3h

a

6h

12 h

24 h

P<0.05 vs preceding time point (0 h).

Table 2 MTT absorbance (570nm) of SW-480 cells stimulated by hydrogen peroxide
Group

1h

3h

6h

12 h

24 h

Control

1.971±0.101

1.996±0.013

1.867±0.008

2.087±0.126

2.189±0.178

4mmol/L

0.864±0.116a

0.756±0.023a

0.612±0.006a

0.518±0.035a

0.373±0.043a

400mmol/L

1.588±0.005

1.277±0.300a

1.778±0.098

1.599±0.214

1.899±0.031

200mmol/L

1.626±0.262

1.914±0.046

1.941±0.032

1.787±0.033

1.962±0.149

100mmol/L

1.683±0.070

1.973±0.048

1.933±0.094

1.901±0.097

2.079±0.081

50mmol/L

1.865±0.122

1.974±0.080

2.077±0.077

1.876±0.053

1.922±0.048

a

P<0.05 vs control at corresponding time point.
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A

B

D

C

E

Figure 3a Changes of mitochondrial membrane potential induced by hydrogen peroxide. (A) cells from normal control; (B) 400
µmol/L H2O2-stimualted cells (1 h); (C) 400 µmol/L H2O2-stimualted cells (3 h); (D) 4 mmol/L H2O2-stimualted cells (1h); (E) 4
mmol/L H2O2-stimualted cells (3 h).

Changes of mitochondrial membrane potential induced by
hydrogen peroxide
Decreased mitochondrial membrane potential was observed
in cells at 3 h after 400 µmol/L H2O2 stimulation and at 1h
after 4 mmol/L H2O2 treatment (Figure 3a, 3b).

Mean fluorescence density

80

Figure 2 Hydrogen peroxide induced translocation of
mitochondria. (A) cells from normal control; (B) 400 µmol/L
H2O2-stimualted cells (1 h). (C) 400 µmol/L H2O2-stimualted cells
(3 h); (D) 4 mmol/L H2O2-stimualted cells (1 h); (E) 4 mmol/L
H2O2-stimualted cells (3 h).

4 µmol/L
400 µmol/L

70
60

a

50

a

40

a

30
20
10
0

Control

1h

3h

Figure 3b Effects of hydrogen peroxide on mitochondrial membrane potential of SW-480 cells (aP<0.05 vs control).
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Cytochrome c Release
Cytochrome c release could be found in both 400mmol/L and
4mmol/L H2O2-stimualted cells 30 min after stimulation by
immunochemistry assay (Figure 4).

A

B

C
Figure 4 Cytochrome c release in SW-480 cells induced by hydrogen peroxide (S-P×400). A: control cells, B: 400 µmol/L H2O2treated cells (30 min), C: 4 mmol/L H2O2-treated cells (30 min).

DISCUSSION
Metabolism of intestinal mucosal epithelium is so active that
it is very sensitive to changes of energy supplies in normal
conditions[11]. Many researches have demonstrated that gut is
a sensitive organ to be injured postburn[18-22]. Intestinal mucosal
injury can be caused by excessive reactive oxygen species
(ROS) released by polymorphonuclear leukocytes and vascular
endothelial cells, which is also involved in translocation of
intestinal bacteria and its endotoxin.
Our results showed that hydrogen peroxide could lead to
injures of intestinal epithelial cells in the concentration of both
400 µmol/L and 4 mmol/L. From the results of DNA ladders
and flow cytometry, apoptosis could be considered one of the
main mechanisms for the injury. This indicated that the in vitro
model of hydrogen peroxide-stimulated SW-480 cells used in
the present study could be used to investigate mitochndrial
dysfunction in apoptosis of intestinal epithelial cells, and it
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also might be helpful to study the role of mitochondria in ROSinduced injuries of intestinal epithelial cells and to clarify
mechanism of gut barrier dysfunction.
Role of mitochondria in the pathogenesis of apoptosis has
been well defined [23-27]. Mitochondria, a kind of organelle
controlling growing, breeding and dying of eukaryocyte,
perform their functions by production of ATP, production of
ROS, ROS are also known as signals regulating gene
expression and triggering of cell death[28,29]. Many stimulators
like ROS, Ca2+ and cytokines could activate caspases by
inducing cytochrome c release.
Our results showed that the apoptotic cells were
characterized with swelling or vacuole-like mitochondria. It
was considered previously that the apoptotic cells manifested
condensed chromatin but intact mitochondria. Now much more
evidences found that significant changes of mitochondria such
as swelling, megamitochondria[30], mitochodrial pyknosis and
disrupted out-membrane have been taken place in many
apoptosis models[31]. Mitochodrial pyknosis was characterized
with decreased size and condensed matrix of mitochondria. In
apoptotic model of sympathetic neuron triggered by nerve
growth factor (NGF) deprivation, the transition from normal
to condensed morphology could be reversible following
readdition of NGF to the neuron culture[25]. In addition, the
mitochondrial distribution within cells was profoundly affected
during apoptosis. Mitochondria were normally dispersed
throughout the entire cell. However, during the apoptosis
triggered by tumor necrosis factor (TNF-α) a perinuclear
clustering of mitochondria could be observed. Both
mitochondrial condensation and perinuclear clustering
occurred following production of the Bcl-2-related
proapoptotic protein Bax in many cell types[25].
Evidence showed that the spatial distribution of
mitochondria evolved from an originally scattered, bipolar or
nearly symmetric distribution to an asymmetric, clustered
distribution in the majority of the cells within 1 h of treatment
of L929 cells with TNF[17]. Study also indicated that hydrogen
peroxide could not lead to the mitochondrial translocation as
TNF did[17]. Interestingly, we found that hydrogen peroxide
could induce mitochondrial translocation and massive
aggregation by confocal microscopy and 3-D reconstruction
technique, which was accompanied by decrease of
mitochondrial membrane potential. So our results suggested
that mitochondrial translocation may play a role in reactive
oxygen species (ROS)-induced injuries of intestinal epithelial
cells. As some researches proposed, the condensation of
mitochondria may play roles in the inducing of cytochrome c
release, generating high ATP levels in energy dependent
apoptotic events and facilitating the translocation of
mitochondrial proteins to the nucleus. Its mechanism is still
uncertain.
The mitochondrial transmembrane potential has been found
to be decreased in many apoptosis models, which indicates
the opening of a large conductance channel known as the
mitochondrial PT pore[32-36]. PT pore opening results in a volume
dysregulation of mitochondria due to the hyperosmolality of
the matrix, which causes the matrix space to be expanded.
Because the mitochondrial inner membrane with its folded
cristae possesses a larger surface area than the outer membrane,
this matrix volume expansion can eventually cause the outer
membrane rupture, releasing caspase-activating proteins
located within the intermembrane space into the cytosol.
We observed that hydrogen peroxide could result in the
collapse of mitochondrial membrane potential, if we related it
with the release of cytochrome c, we may get the conclusion
that hydrogen peroxide caused the release of cytochrome c from
mitochondria to cytosol followed by the increased permeability
mitochondrial membrane and the opening of mitochondrial
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PT pore, which initiated cascade reaction of apoptosis events.
This idea has been confirmed by some studies[37,38].
Recent progress in studies on apoptosis has revealed that
cytochrome c is a pro-apoptotic factor[39]. It is released from
its places on the outer surface of the inner mitochondrial
membrane at early steps of apoptosis and, combining with some
cytosolic proteins, activates conversion of the latent apoptosispromoting protease pro-caspase-9 to its active form[39]. Our
results also indicated that cytochorme c was released early in
hydrogen peroxide-stimulated SW-480 cells.
Our results found that the morphological and functional
changes of mitochondria appeared in SW-480 cells treated with
hydrogen peroxide and correlated with development of cell
apoptosis. Decreased mitochondrial membrane potential or
early release of cytochrome c would be the early signs of
apoptosis, which suggested mitochondrial dysfunction might
be the key event in the development of apoptosis. We also
observed mitochondrial translocation, which was reported in
TNF-stimulated L929 cells but not in hydrogen peroxidestimulated cells[33]. Mitochondrial translocation suggested that
cytoskeleton be involved in apoptosis induced by hydrogen
peroxide.
Many researches indicated that oxidative stress led to
mutation of mitochondrial genes[40-50]. Researches showed that
there are some links between mitochondrial dysfunction and
injuries of mitochondrial DNA or abnormal expression of
mitochondrial genes in hydrogen peroxide-stimulated vascular
endothelial cells and smooth muscle cells[50]. Our results also
indicated that mitochondrial genes were involved in apoptosis
of SW-480 cells. Injuries of mitochondrial genes may
contribute to early mitochondrial dysfunction. Relationship
between response of mitochondrial genes and dysfunctional
mitochondria would be the next problem to be answered.
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Abstract
AIM: To observe the preventive effects of combined therapy
of AMD (allantoin, metronidazolem and dexamethasone in
combination) on intra-abdominal adhesion in dogs.
METHODS: 20 dogs of both sexes were used in this study.
After laparotomy under anesthesia, 2 cm section of cecal
end was clamped and ligated, then 1 cm cecum section was
cut and another 1 cm was kept. The cecum stump was closed
with purse-string suture. Both parietal and visceral peritonea
were stripped for an area of about 3×4 cm2. Before the skin
closure, the animals were divided into two groups randomly.
The abdominal cavities in Group AMD (n=10) were rinsed
by 200 ml of AMD solution, and with 50 ml left, whereas the
control (n=10) received the equal volume of normal saline.
After 7 d, the degree of intra-abdominal adhesions was
evaluated by using the score method of ultrasonography
and traditional dissection.
RESULTS: Compared with the control, bo th the
ultrasonography and traditional dissection scores in Group
AMD were significantly decreased that marked as 2.0±1.25 vs
3.3±0.82 and 1.91±0.83 vs 3.3±0.82 respectively (P<0.01).
CONCLUSION: The combined therapy of AMD is an effective
way to prevent intra-abdominal adhesion, and ultrasonography
is an useful tool to diagnose intra-abdominal adhesion.
Wang XC, Gui CQ, Zheng QS. Combined therapy of allantoin,
metronidazole, dexamethasone on the prevention of intraabdominal adhesion in dogs and its quantitative analysis. World
J Gastroenterol 2003; 9(3): 568-571
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INTRODUCTION
Intra-abdominal adhesions are almost inevitable to some extent
after major abdominal surgery. Weibel and Majno reviewed
289 subjects at post-mortem who had had previous
laparotomies, and 67 % of the patients showed adhesions; after
multiple operations, the incidence rose to 93 %[1]. However,
there has been little advances in the treatment and prevention

of this complication in recent years. Numerous attempts with
agents and surgical techniques often obtain conflicting
results [2,3]. The cause may be mainly, at least partly, due to
multi-factor in the adhesion etiology and multi-pathway in the
adhesion mechanism[4-6], which made the adhesions difficult
to be prevented by using a single drug or certain measures.
Besides, the evaluation of intra-abdominal adhesion was based
classically on traditional dissection method, which was
impossible to be applied to the clinical settings. In this study,
we employed a new reproducible animal model of intraabdominal adhesion cased by multi-factors, and a new
evaluation method by ultrasonography to assess the effects of
c o m b i n ed AM D ( al l an to i n , m e tr o n i d a z o l e m an d
dexamethasone in combination) therapy.

MATERIALS AND METHODS
Materials
Allantoin (Alt) powder with the purity of 99.6 % was obtained
from Jiangsu Huanghai Pharmaceutical Factory. Metronidazole
(Met) powder was from Tianjing Hebei Pharmaceutical Factory
with the purity of 99.85 %. Dexamethasone (Dex) powder was
purchased from Roussel Uclaf Co and the purity is 99.6 %.
They were dissolved and mixed with 5 % GS, the ratio of Alt:
Met:Dex is 50:32:1. The HEWLETT-PACKARD Sonos-2000
Color Ultrasonic Doppler Method Diagnostic Equipment was
employed in this study, using a real-time sonolayer SSA270Aultrasound scanner (Toshiba, Tokyo, Japan) and a 3.5
MHz sector transducer.
Experimental animal
20 adult healthy dogs of both sexes, weighing from 7 to 10 kg
were purchased from the Animal Center of Wannan Medical
College.
Animal models
The experiment was carried out in clean but not sterile condition.
Under 3 % sodium pentobarbital anesthesia (1 ml/kg iv),
following shaving and skin disinfecting, the laparotomy was
performed through a 5 cm, vertical, midline incision. 2 cm section
from the cecal end was clamped and ligated, 1 cm of the section
was cut, and the other 1 cm from the ligated site was kept. The
cecum stump was closed with the purse-string suture. Then a
3×4 cm2 patch of parietal peritoneum corresponding to the cecal
was carefully stripped. In addition, both sides of peritoneum
along the abdomen incision were scraped for an area of about
3×4 cm2. Before skin closure of abdomen, the animals were
randomly divided into 2 groups. The abdominal cavity in Group
AMD were rinsed by 200 ml of AMD solution and with 50 ml
left, whereas the control received the equal volume of normal
saline. All the animals were fasted for 8 hours after operation.
Adhesion assessment by ultrasonography
At the seventh day after operation, all the dogs were
reanesthesiaed. Selecting the skin point corresponding to the
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appendix, 1 000 ml of normal saline was instilled into the
abdominal cavity with a 12G needle to improve the acoustic
window[7]. The whole abdomen was divided into four areas
artificially by a horizon through nave and a vertical line through
xiphoid (Figure 1), the number and density of adhesion sites
were graded on the basis of ultrasonographic findings (Table 1).
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traditional dissection score that marked as 2.0±1.25 vs 3.3±0.82
and 1.91±0.83 vs 3.3±0.82 respectively (P<0.01).

Figure 2 Adhesions between the bowls of animal in control
group.
Figure 1 Abridged general view of dog abdomen subregion.
Table 1 Adhesion assessment by ultrasonography
Score

Description

1
2
3

Echogenic bands in one area
Echogenic bands in two areas
Echogenic bands in three areas or alveolate echogenic
bands in one area
Massive agglutinating adhesion or adhesion between
viscera and abdominal wall

4

Adhesion assessment by traditional dissection
After ultrasonic examination, the dogs were sacrificed and an
autopsy examination was carried out with the attention to the
number, density and site of the adhesion formation, which was
scored by a modified scale by Swolin[8,9] (Table 2). The highest
score for each dog was taken to be further processed.

Figure 3A Transabdominal sonogram showed the adhesions
between bowls, the adhesion looks like a mouse tail, and the
score is 1.

Table 2 Adhesion assessment by traditional dissection
Score

Description

1
2
3
4

Filmy connections sparated spontaneously
Firm adhesions separated by gravity
Firm adhesions by traction
Dense adhesions requiring sharp dissection

Statistical analysis
Quantitative results were expressed as mean ± SD. Statistical
analysis was performed using Student’s t test. P<0.05 was
considered statistically significant.

Figure 3B Transabdominal sonogram showed massive agglutinating adhesion between bowls, and the score is 3.

RESULTS
One week postoperation animals in control group developed
strip or round adhesions (Finger 2), attached either to the closed
peritoneal defect or to the midline scar, or connected between
the bowels. All the control animals had positive sonographic
findings. Transabdominal sonogram clearly showed echogenic
bands floating in the abdominal cavity like mice-tails (Figure
3). In more serious subjects, the adhesions were so dense that
the sonogram showed alveolate echogenic masses (Figure 4);
Some adhesions were formed between the organs in abdominal
cavity (Figure 5). All the sonographic positive findings were
proved to be the adhesion formation in laparotomy. The adhesion
formed in Group AMD was significantly decreased compared
with the control group as shown by both ultrasonography and

Figure 3C Transabdominal sonogram showed the adhesions
between bladder and bowls, and the score is 4.
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DISCUSSION
Because of the high incidence of intra-abdominal adhesion
formation postoperation, plenty of investigations have been
made for the past decades; However, up to the present,
satisfactory results have not been achieved yet, which reflected
such a fact that there still existed some obstacles waiting to
be overcome.
The animal model of intra-abdominal adhesion was such a
problem. Traditionally, the model was made mainly on mice,
rats and rabbits by a series of America, British investigators in
different means[10-12]; however, these small animals were quite
different from human beings in phylogenesis, metabolism
reactivity and so on. In addition, such model making laid much
stress on mechanical trauma, many important factors, such as
tissue ischemia, infection, inflammation and exudation[13-16]
were severely neglected, which made the experimental results
inconsistent with clinical settings. In the present, study a novel
dog model of intra-abdominal adhesion caused by multi-factors
was employed, which might reflect really the complexity of
etiology and the nature of intra-abdominal adhesion formation.
There are a large number of substances used to combat
adhesion formation at present[17-26], however, because of the
multi-factors in the adhesion etiology and multi-pathways in
the adhesion mechanism, the single use one or two of these
agents could not turn out satisfactory results. Besides, the
majority of these agents have been proven to be too toxic to be
used[27-29].
The formation of intra-abdominal adhesion has been
attributed to the local depression of plasminogen activator
activity (PAA) for more than 3 decades[30-33]. This deficit permits
the deposited fibrin on peritoneal surface to form fibrous
adhesion. In this study, we used the combined AMD composed
of allantoin, metronidazole and dexamethasone, which was
proven to play a role of anti-inflammation, anti-bacteria and
anti-exudation by prohibiting the fibrin rich exudate into the
abdominal cavity and increasing the activity of endogenetic
tissue plaminogen activator, to prevent intra-abdominal
adhesion postoperation. According to our pilot study, the best
proportion of these three drugs was 50:32:1, which made the
effectiveness of the combination reinforced, whereas the
toxicity didn’t increase [34]. As for the impairment of the
combination on wound healing, it was too slight to be noticed,
for the intra-abdominal adhesion formed mainly in 6 hours
postoperation, after that, the wound healing began to occur
while the effect of the combination was gradually disappeared.
Intra-abdominal adhesion failed to be detected by routine
ultrasonography. Lee et al identified instilling normal saline
into abdominal cavity could diagnose the female pelvic
lesions[7], we employed this method to perform an assessment
for the intra-abdominal adhesion. It was demonstrated that this
method was visible and accurate, the score of intra-abdominal
adhesion was well in agreement with that done by the
laparotomy. The most notable finding of sonography in the
examination of intra-abdominal adhesion was the mouse-tail
appearance, which was believed as the sign of adhesion band.
In conclusion, we suggested that the combined AMD might
be an effective way to prevent intra-abdominal adhesion, and
the ultrasonography an useful tool to diagnose intra-abdominal
adhesion, and their applications might be valuable to the
clinical settings.
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Abstract
AIM: To study the preparation and cleavage activity of antitransforming growth factor (TGF)β1 U1 small nuclear (sn)
RNA chimeric hammerhead ribozymes in vitro.
METHODS: TGFβ1 partial gene fragment was cloned into
T-vector at the downstream of T7 promoter. 32p-labeled
TGFβ1 partial transcripts as target RNA were transcribed in
vitro and purified by denaturing polyacrylamide gel
electrophoresis (PAGE). Anti-TGFβ1 ribozymes were
designed by computer, then synthetic ribozyme fragments
were cloned into the U1 ribozyme vector pZeoU1EcoSpe
containing U1 snRNA promoter/enhancer and terminator.
32
p-labeled U1 snRNA chimeric ribozyme transcripts were
gel-purified, incubated with target-RNAs at different conditions
and autoradiographed after running denaturing PAGE.
RESULTS: Active U1snRNA chimeric ribozyme (U1Rz803)
had the best cleavage activity at 50 ; at 37 , it was
active, Km=34.48 nmol/L, Kcat=0.14 min-1; while the point
mutant ribozyme U1Rz803m had no cleavage activity, so these
indicated the design of U1Rz803 was correct.
CONCLUSION: U1Rz803 prepared in this study possessed
the perfect specific catalytic cleavage activity. These results
indicate U1 snRNA chimeric ribozyme U1Rz803 may suppress
the expression of TGFβ1 in vivo, therefore it may provide a
new avenue for the treatment of liver fibrosis in the future.
Lin JS, Song YH, Kong XJ, Li B, Liu NZ, Wu XL, Jin YX. Preparation
and identification of anti-transforming growth factor β1 U1 small
nuclear RNA chimeric ribozyme in vitro. World J Gastroenterol
2003; 9(3): 572-577
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INTRODUCTION
The incidence of liver cirrhosis is still high all over the world,
especially in China[1-6]. Cirrhotic livers are characterized by

extensive fibrosis throughout the entire hepatic parenchyma[7-12].
Many factors inducing liver injury and inflammation will lead
to chronic liver disease, and hepatic fibrosis[13-22].
TGFβ1 is an important cytokine in the regulation of the
production, degradation, accumulation of extracellular matrix
proteins, and that it may play a pivotal role in the
fibroproliferative changes that follow tissue damage in many
vital organs and tissues, including liver, lung, kidney, skin,
heart, and arterial walls[7,23-27]. In the past decade dramatic
advances have been made in the understanding of cellular and
molecular mechanisms underlying liver fibrogenesis, it is
thought that TGFβ1 is of crucial importance in rat hepatic
fibrosis in vivo[7, 28-34]. Inhibition of TGFβ can not only prevent
liver fibrosis, but also preserve organ function[30]. So TGFβ1
has been thought to be an ideal target molecule to prevent the
progression of liver fibrosis.
Ribozymes are a class of small catalytic RNA molecules
that recognize specific substrate RNA molecules by their
complementary nucleotide sequence, cleavaging the substrate
RNA as an endoribonuclease at enzymatic rates[35-38]. In the
last years ribozyme-mediated inhibition of gene expression in
intact cells have been tested many times, but some of them
were largely unsuccessful[39-42]. Factors that contributed to
ribozyme efficacy in transfected cell are expression level,
stability against rapid degradation, correct folding for exposure
to target, and subcellular localization of ribozyme and target.
U1 snRNA is a highly expressed stable small RNA (164
nucleotides) involved in both splicesome and catalytic
processing during pre-mRNA splicing. U1small nuclear RNA
expression cassette can provide an excellent vehicle for
ribozyme delivery and expression in intact cell because of
stability, nuclear localization, highly efficient expression[43-45].
Because TGFβ1 plays a crucial role in liver fibrosis, in this
study we designed ribozymes directed against TGFβ1 by
computer, then cloned them into U1 snRNA chimeric ribozyme
vector, it had been proven that it could cleave target RNA
efficiently in vitro through the cleavage reaction, so it indicated
that it might suppress intracellular TGFβ1 expression, which
would provide a new avenue in treatment of liver fibrosis.

MATERIALS AND METHODS
Materials
HSC-T6 cell line is a kind gift from Dr. Scott L. Friedman
(Dept of Medicine and Division of Liver Diseases, Mount Sinai
School of Medicine). pZeoU1EcoSpe was provided by Dr.
Harry C. Dietz (Department of Pediatrics, Medicine and
Molecular Biology & Genetics, Johns Hopkins University
School of Medicine). pGEM-T vector kit, transcription kit were
purchased from Promega Company. Trizol kit, DMEM were
purchased from Gibco BRL Company. The PCR primers and
ribozyme fragments were synthesized in the Beckman oligo1 000 DNA synthesizer. Zeocin was purchased from Invitrogen
Company. Newborn calf serum was purchased from Hyclone
Company. RT-PCR kit, RNase inhibitor, restriction
endonucleases, and T4 DNA ligase were purchased from
Takara Company. α 32P UTP was purchased from Beijing YaHui Company.
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Methods
Construction of target RNA in vitro Total RNA was extracted
using Trizol Kit (GIBCO BRL) from cultured HSC-T6 cell,
an immortalized rat hepatic stellate cells line (HSC), exhibited
an activated phenotype[46,47]. The upstream primer P1 (5’GAATTCATTCAGGACTATCAC CTACC-3’) in the
untranslated region and the downstream primer P2 (5’AAGCTTTTCTGGT AGAGTTCTACGTG -3’;) in the open
reading frame were selected to amplify a 651-base pair
fragment corresponding to bases 279 to 930 of the rat TGF
beta 1[48]. The extracted RNA was reversely transcribed and
polymerase chain reaction (PCR) amplified using a pair of
primers in one step reverse transcriptase (RT) PCR kit. The
PCR products were analyzed and purified on 1 % (w/v)
agarose gels. Purified PCR products were ligated into
pGEM-T vector. DNA sequencing results showed that the
PCR-amplified fragments were cloned into the molecular
cloning sites of pGEM-T vector at the downstream of T7
promoter as pTGFβ1. Target RNA was prepared through in
vitro transcription of PCR-amplified products of pTGFβ1,
which contained T7 promoter at the upstream of upper
primer. The sequence of the primers for transcription was
GAATTCTAATACGACTCACTATAGGGAGGCGGACTACTACGCCAA and TTCTGGTAGAG TTCTACGTG;
TAATACGACTCACTATAG GG represents T7 promoter.
Then PCR product was analyzed and purified by 1 % (w/v)
agarose gels electrophoresis as the template for transcription.
In vitro transcription was carried out at 37
for 90 min in a
40 µL final volume containing 40 mmol/L of Tris·HCl (pH 7.5),
5 mmol/L of DTT, 2 mmol/L of spermidine, 8 mmol/L of
MgCl2, 0.25 mmol/L of ATP, GTP,CTP, 0.05 mmol/L of UTP,
20 µCi alpha 32p-UTP, 80 U T7 RNA polymerase and 2 µg
purified PCR product. Target RNA was purified by 6 %
denaturing gel electrophoresis through cutting off the
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autoradiograph bands and soaking in NES (0.5 mol/L
NH 4 Ac, 0.1 mol/L EDTA, 0.1 % SDS pH 5.4) at 42
overnight. the products were precipitated by ethanol, washed
twice by 75 % ethanol, dissolved in DEPC H2O and reserved
under -20 .
Construction of recombinant plasmid for ribozyme
pZeoU1EcoSpe contained the pZeoSV plasmid DNA modified
by excising the SV40 promoter, SV40 polyadenylation site,
and polylinker at the BamHI sites. In constructing the pZeoU1
EcoSpe, a U1 snRNA expression cassette in pUC13[49, 50] was
excised with BamHI digestion and ligated into the BamHI sites
of the modified pZeoSV. Two rounds of site-directed
mutagenesis were then performed to change 4 nt flanking the
Sm protein binding site of U1 snRNA, creating unique EcoRI
and SpeI restriction sites. The 5’-flanking region of the inserted
U1 snRNA expression cassette possessed a promoter/enhancer
comparable in strength with the SV40 early promoter[51]. The
ribozymes for TGFβ1 were designed according to the computer
software pcFOLD combiled by professor Zuker (Canadian
Academy of Science). The homologous possibility with the
gene of rat was excluded by consulting with RNA sequence of
rat cells from NCBI Genbank. The enclosed vector
pZeoU1EcoSpe was cut by EcoRI and SpeI restriction
en zy mes an d pu rified b y 1 % (w/v ) ag ar ose gels
electrophoresis. The synthesized oligonucleotides of
ribozyme were mixed with equal molar amounts together,
then were cloned into the EcoRI/SpeI sites of pZeoU1EcoSpe
to create pU1Rz803. pZeoU1EcoSpe and the reconstruction
could be confirmed by DNA sequencing (Figure 1). The
oligonucleotides of Rz803 were 5’ AATTACATATATACT
(G/A)ATGAGTCCGTGAGGACGAAACTGTGT3’ and 5’
CTAGACACAGTTTCGTCCTCACGGACTCAT(C/T)
AGTATATATGT3’; G and C for activated ribozyme, A and
T for inactivated ribozyme.

UAAUUUGUGG
wild type

Cleavage site

inactivating
A
mutation

Figure 1 Sequence and predicted structure of U1 snRNA chimeric ribozymes. arrows represent cleavage site and inactivating
mutation.

ISSN 1007-9327

CN 14-1219/ R

Preparation of ribozymes in vitro The templates used for
transcription of U1 snRNA chimeric ribozymes were obtained
by PCR amplification of pU1Rz803. The primers used for
transcription were as follows: upstream primer: 5’GAATTCTAATACGACTCACTATAGGG GATACTTACC
TGGCAGGGGA-3’; downstream primer: 5’CAGGGGAAAGCGCGAACGCA- 3 ’ ; TAATACGA
CTCACTATAGGG represented T7 promoter. The purification
of PCR products was the same as that of the template for target
RNA. In vitro transcription and purification of ribozyme were
done as described above.
In vitro cleavage reaction of U1Rz803 and U1Rz803 m
U1Rz803, U1Rz803 m and target RNA were quantified by
measuring their radioactivate cpm in 1 µL solution. The
cleavage reaction was carried out in 5 µL solution containing
50 mmol/L Tris·HCl (pH7.5), 20 mmol/L MgCl2. The molar
ratio between ribozyme and target RNA could be estimated
according to the cpm value combined with the U number in
their RNAs. The initial experiment was: (I) Ribozyme (R):
Substrate (S)=1:1(mol/L) ratio, 37 , 120 min; (II) the
condition as (I), R:S=1:5 (mol/L) ratio, 37 , 120 min; (III)
the condition as (I), U1Rz803 was incubated with target RNA
at different temperatures and at different times. 1 µL loading
buffer (0.25 % Bromophenol Blue, 0.25 % Xylene cyanol FF,
20 mmol/L EDTA and saturated Urea) was added to stop the
reaction. The result could be analyzed after running a 6 %
denaturing polyacylamide gel electrophoresis. The cleavage
efficiency [CE] was calculated from Bq values of the bands of
substrate (S) and products (P) which were cut off from
denaturing PAGE. CE=[P/(P+S)]·100 %.
Kinetics studies of the reaction The procedure was described
by Uhlenbeck[52]. The Michaelis constant (Km) and Kcat were
determined for the ribozyme by performing multiple turnover
kinetics experiments. The volume of kinetics reaction is 15 µL.
Ribozyme concentration was held constant at 5 nmol/L and
substrate concentrations ranged from 10 nmol/l to 160 nmol/
L. The cleavage reaction was done in the same buffer as
for 20 minutes. The results were
described above at 37
analyzed as above. Km and Kcat were calculated by LineweaverBurke method (double- riciprocal plot).

RESULTS
Identification of transcription of target RNA and ribozyme
The length of target RNA transcribed from PCR-amplified
template should be 220 nt. In this study the ribozymes were
embedded into U1 snRNA, but stem-loop structures of U1
snRNA were maintained. Therefore, the transcripts of PCRamplified template included U1 snRNA and ribozyme, the
transcripts of U1snRNA chimeric ribozyme should be 205 nt
These results (Figure 2) were inconsistent with our design and
proven to be correct.
1

2
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1

2

3
220nt
205nt

127nt

93nt

Figure 3 Cleavage of U1Rz803 and U1Rz803m in vitro. 1: Target RNA, 2: target RNA incubated with U1Rz803, 3: target RNA
incubated with U1Rz803m. The ribozymes (205 nt) were shown
in this figure because the transcripts were incorporated into
alpha 32p-UTP in the preparation of ribozymes.

Cleavage activity of U1Rz803 in vitro
Temperature course When the ratio of U1Rz803 to target
RNA was 1:1(molar ratio), the reaction mixture were incubated
at different temperature for 90 minutes. The optimal
temperature was 50 , the cleavage efficacy increased at
higher temperatures ranging from 0 to 50 , but when the
temperature was above 50 , the cleavage efficacy decreased
because the combination of ribozyme and target RNA was
weakened (Figure 4).
80
70
60
50
40
30
20
10
0

3
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In vitro cleavage reaction of U1Rz803 and U1Rz803m
The cleavage result showed that U1Rz803 was capable of
cleaving target RNA in vitro. It could cleave target RNA (220
nt) efficiently and exactly to produce two fragment 93 nt/127
nt. while U1Rz803m showed no in vitro cleavage efficacy after
120 min (Figure 3), even at Rz:S=5:1 (data not shown). At a
1:1 U1Rz803-to-S molar ratio, the cleavage efficiency (CE)
was calculated under the condition of 37
and 120-minute
reaction time, CE=51.36 %. At a 1:5 U1Rz803-to-S molar ratio,
CE=27.81 %. This result indicated that the cleavage efficiency
increased with increase of ribozyme concentration. The
temperature and time would affect the cleavage efficiency.

Cleavage activity (%)
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0

10

20

30
40
50
Temperature (oC)

60

70

Figure 4 Temperature curve of the cleavage reactions of
U1Rz803 prepared in vitro.
220nt

205nt

Figure 2 In vitro transcripts of target RNA and U1snRNA chimeric ribozymes. 1: transcript of target RNA (220 nt), 2: transcripts of U1Rz803(205 nt), 3: transcripts of U1Rz803m (205 nt).

Time course The cleavage mixture (Rz:substrate=1:5 mol·L-1)
for different times, it was shown that
were incubated at 37
the reaction product increased with increase in incubation time
and it was linear within 60 min, CEmax=27.81% (Figure 5).
The kinetics of cleavage reaction Under the condition of
37 and 20-minute reaction time the cleavage efficiency was
calculated at Rz:S=1:2, 1:4,1:8, 1:16 and 1:32 (mol/L)ratio.
Km and Kcat were obtained by the Lineweaver-Burke method
(Figure 6) Km=34.48 nmol/L, Kcat=0.14 min-1.
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Figure 5 Time course. (A) Specific cleavage of target RNA by
U1Rz803 in vitro at 37
for different times. Lane 1: substrate
control; lane 2 : incubated for 10 min; lane 3: 20 min; lane 4: 40
min; lane 5: 60 min; lane 6: 90 min; lane 7: 120 min. (B) Time
curse of cleavage reactions of U1Rz803 prepared in vitro.
12345
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Figure 6 The kinetic of cleavage reaction for U1Rz803. (A)
Specific cleavage of target RNA by U1Rz803 for the kinetic of
U1Rz803 in vitro. U1Rz803 concentration was 5 nmol·L-1, substrate concentration was 10, 20, 40, 80, 160 nmol·L-1 from left to
right. (B) Lineweaver-Burk kinetic plots of cleavage reaction
for U1Rz803 in vitro. U1Rz803 concentration was 5 nmol·L-1,
substrate concentration was 160, 80, 40, 20, 10 nmo·L-1 for each
dot from left to right. Reactions were performed at 37
for
20 minutes.
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DISCUSSION
Hepatic fibrosis is a common response to chronic liver injury
from many causes, including alcohol, persistent viral infection
and hereditary metal overload. To date, reversing the causative
agent is the only effective therapy to stop or even reverse the
liver fibrosis, but the efficacy is limited. Therefore, the
development of effective antifibrotic therapies represents a
challenge for modern hepatology. With the knowledge on
molecular mechanism underlying pathological fibrosis
expanding, there are many antifibrotic therapies based on sound
biological mechanisms have been carried out. Ueki et al
injected a mix of a haemagglutinating virus of Japan (HVJ)
liposomes and a plasmid containing the complementary DNA
for human hepatocyte growth factor (HGF) into the gluteus
muscle of rats treated with dimethylnitrosamine (DMN), a
model of persistent liver fibrosis, that could produce the
resolution of fibrosis in the cirrhotic liver[32], but tumorigenicity
found in transgenic mice overexpressing HGF[53] and repetitive
in vivo transfection are two disadvantages. Qi and Nakamura
et al prevent liver fibrosis from blockade of TGF beta signal
by adenovirus-mediated local expression of a dominant
negative type II TGF-beta receptor in the liver of rats treated
with DMN, this intervention not only suppressed fibrosis, but
also facilitated hepatocyte regeneration, however prolonged
period of blocking TGF beta signal could result in unfavorable
consequences, such as the inflammation and tissue necrosis[30,33].
Because TGFβ1 plays a crucial role in liver fibrosis and no
report on anti-TGFβ1 ribozyme-mediated cleavage of target
RNA for the treatment of liver fibrosis has been published, in
this study we designed ribozyme targeting against TGFβ1 and
cloned the ribozyme genes into U1 ribozyme vector, prepared
U1 snRNA chimeric ribozymes and identified the cleavage
activity of ribozymes in vitro.
In the previous study on cleavage activity of U1 snRNA
chimeric ribozyme in vitro, ribozymes were prepared through
the transcription of synthesized ribozyme genes containing T7/
SP6 promoter, the transcripts only included ribozyme[43]; but
ribozyme structure induced by the secondary structure of long
flanking sequences would affect ribozyme’s turnover ratio and/
or binding activity as the results of less accurate hybridization
and less cleavage. In this study we prepared ribozyme by the
PCR-amplified templates. The transcripts included U1 snRNA
and ribozyme. Compared with the previous study, it may reflect
the cleavage activity of U1Rz803 more accurately in vivo. From
our study, we found that the cleavage activity of U1sn RNA
chimeric ribozyme was inferior to that of non-modified
ribozyme, the result was not shown in this paper.
Trimethylguanosine 5’cap, stable stem-loop structures at both
end, high GC content of 3’ loop in the structure of U1 snRNA
co nf er resistance to exo nu cleases in vivo [54 ] . Th e
hypermethylation of the 5’ cap structure and Sm binding site
enable U1 snRNA to accumulate in the nucleoplasm, these
make U1 snRNA an effective vector for efficient expression
and delivery of ribozyme in the nuclear compartment in vivo.
The transcripts of ribozyme labeled by isotope not only
provided convenience for us to isolate ribozyme by cutting
off autoradiograph bands, but the transcripts were qualified
more accurately than non-labeled transcripts of ribozymes. In
this study Km and Kcat of U1Rz803 were measured at 37 ,
not at optimal temperature. Because the ribozyme is used in
vivo and the temperature in vivo is constant at 37 , these
results may reflect cleavage activity of U1Rz803 in
physiological condition.
Ribozymes have all the properties of antisense RNA with
the additional feature of catalytic cleavage. To separate antisense from cleavage effect, we created inactive ribozymes by
substituting an essential nucleotide of the catalytic core with
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an inactive one. The cleavage reaction revealed that U1Rz803
possessed the perfect cleavage activity, while U1Rz803 m
possessed no catalytic activity. It can be used as control to
exclude antisense effect of ribozyme in vivo in order that it is
proven that the activity of U1Rz803 is due to catalytic cleavage
in vivo. The kinetics of U1Rz803 showed that U1Rz803
possessed perfect specific ability of cleaving the TGFβ1
transcripts in vitro. These results made U1Rz803 to be worthy
of being studied in intact cell and be developed as a nucleic
acid drug in the future. However the in vitro result cannot
completely reflect in vivo performance. The secondary and
tertiary structure formed by the total TGF beta 1 mRNA
transcript in the cell, the subcellular compartment which the
ribozyme and target are located in, degradation of ribozyme,
the complexes which are formed by ribozyme and
ribonucleoprotein within cell and gene delivery system affect
expression of ribozyme and cleavage activity of ribozyme. So
in vivo effect of the ribozyme should be investigated as soon
as possible. Experimental analysis of activity of the anti-TGF
beta1 ribozyme in HSC-T6 cell is in progress.
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Abstract
AIM: To explore the molecular spectra and mechanism of
human hypoxanthine guanine phosphoribosyl transferase
(hprt) gene mutation induced by ethyluitrosourea (ENU) and
60
Co γ-rays.
METHODS: Independent human promyelocytic leukemia
cells (HL-60) mutants at the hprt locus were isolated from
untreated, ethyluitrosourea (ENU) and 60Co γ-ray-exposed
cells, respectively, and verified by two-way screening. The
genetic changes underlying the mutation were determined
by multiplex polymerase chain reaction (PCR) amplification
and electrophoresis technique.
RESULTS: With dosage increased, survival rate of plated
cell reduced (in the group with dosage of ENU with 100-200
µg/ml, P<0.01; in the group with dosage of 60Co γ-ray with
2-4 Gy, P<0.05) and mutational frequency increased (in
the group of ENU 12.5-200.0 µg/ml, P<0.05; in the group
of 60Co γ-ray with 1-4 Gy, P<0.05) significantly. In the 13
spontaneous mutants analyzed, 92.3 % of mutant clones
did not show any change in number or size of exon, a single
exon was lost in 7.7 %, and no evidence indicated total gene
deletion occurred in nine hprt exons. However, deletions were
found in 79.7 % of ENU-induced mutations (62.5-89.4 %,
P<0.01) and in 61.7 % of gamma-ray-induced mutations
(28.6-76.5 %, P<0.01). There were deletion mutations in all
9 exons of hprt gene and the most of induced mutations
were chain deletion with multiplex exons (97.9 % in gammaray-induced mutants, 88.1 % in ENU-induced mutants).
CONCLUSION: The spectra of spontaneous mutations
differs completely from that induced by EUN or 60Co γ-ray.
Although both ENU and γ-ray can cause destruction of
genetic structure, mechanism of mutagenesis between them
may be different.
Liu SX, Cao J, An H, Shun HM, Yang LJ, Liu Y. Analysis of
spontaneous, gamma ray- and ethylnitrosourea-induced hprt
mutants in HL-60 cells with multiplex PCR. World J Gastroenterol
2003; 9(3): 578-583
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INTRODUCTION
Many developments in molecular biology, especially,

polymerase chain reaction (PCR) have made procedure of
mutation analysis relatively simple[1,2]. Classically, Southern
hybridization was the primary method for the molecular
analysis of deletion mutations. However, southern analysis not
only is time-consuming but also provides incomplete results
due to the limited resolution of each exon and possible crosshybridization with psendogenes. Therefore, using PCR to
amplify each individual exon of the hprt gene provides a
powerful alternative method to southern analysis[3]. PCR has
been used for the analysis of various mutations in human and
Chinese hamster cells. These and other studies of the hprt locus
in various mammalian cells have shown a wide spectrum of
structural aberrations in the hprt gene, which are induced by
physical and chemical mutagens[4-7]. Ionizing radiation induces
deletion mutations and results in genetic alterations, which can
be detected by Southern analysis[8]. Such detectable genetic
alterations have been found infrequently after exposure to
ultraviolet (UV) light, ethyl methane sulfonate (EMS), ICR191 and N-ethyl-N-nitrosourea (ENU) [9-11]. Thus, while
conventional missense mutagens induce predominantly point
mutations, ionizing radiation induces both point and deletion
mutations.
As a part of our ongoing effort to analyze the nature and
spectrum of mutations induced by various types of physical
and chemical mutagens, we adopted the multiplex PCR
technique for the initial screening of deletion mutants. In this
paper, we have characterized the molecular nature of mutations
induced by γ-ray and ENU at the hprt locus of human
promyelocytic leukemia cells.

MATERIALS AND METHODS
Cell culture
HL-60 is a human acute promyelocytic leukemia cell line
described earlier by Collins et al. HL-60 cells were maintained
as an asynchronous, exponentially growing population in RPMI
1640 medium (Sigma, St. Louis, USA) supplemented with
10 % fetal bovine serum (SJQ, Hangzhou, China), 100 U/ml
penicillin (Sigma), 100 µg/ml streptomycin (Sigma), and 2 mM
L-glutamine (Gibco, Carlsbad, USA) at 37 in an atmosphere
of 5 % CO2. Preexisting hprt mutants that cannot live in
thymidine (Sigma; HAT culture medium) were removed by
incubating cells in complete medium supplemented with 10-6
M aminopterin (Gibco), 10-4 M hypoxanthine (Sigma) and 10-5
M HAT culture medium for 24 hours, then the medium was
replaced with complete medium containing 10-5 M thymidine
and 10-4 M hypoxanthine and cultured for 48 hours. Following
removal this medium, the cells were incubated in normal
medium for 7-10 days.
Cytotoxicity
For measuring the cytoxicity of γ-ray and ENU (Tokyo, Japan),
exponentially growing HL-60 cells were treated with different
doses of γ-ray and ENU. Initial cell number inoculated was
5.0×106. Sterile distilled water was used as negative control.
After incubation, the cells were harvested and washed twice
with D-Hank’s medium at 37 , counted and diluted in normal
culture medium and transferred to 96 microwell plates (Gibco),
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one single cell was inoculated in 200 µl medium per well.
After incubating for 7 days, colonies per well were counted
and the plating efficiency (PE) was calculated with equation:
-ln (Number of negative well/Number of all wells)
PE=
Number of cells per well

Mutation experiments
After expression of gene mutations (8 days) HL-60 cells were
added in the 96-well microtiter plates to ensure one cell was
inoculated per well. After incubating for 7 days, wells with
colony formation were counted as positive wells for cloning
efficiency (CE). Meanwhile, cells were added in other 96
microwell plates to ensure that each well received 1×104 cells
in 200 µl medium containing 1 µg/ml 6-thioguanine (6-TG;
Sigma). After incubating for 8 days, positive wells were
counted and mutant frequency (MF) was calculated. Three
plates were used for CE and MF in each treatment.

mM MgCl2, 0.2 mM dNTPs and 2.5 U of Amplitaq DNA
polymerase (Shenggong, Shanghai, China). After initial
denaturation of the template DNA at 98 for 7 min, a total of
40 PCR cycles were performed with denaturation at 94 for
1.5 min, annealing at 52 for 1.5 min and extension at 72
for 2.0 min. Exon 1 was synthesized individually with a
modified condition: a total of 30 PCR cycles were performed
with denaturation at 95
for 0.5 min, annealing at 64 for
1.0 min and extension at 72
for 1 min. The last cycle was
extension at 72
for 7 min. The PCR product (10 µl) was
used for analysis by 3 % agarose gel or by using polyacylamide
gel electrophoresis ( Figure 1).
Table 1 Oligonucleotide primers in multiplex PCR of the human HPRT locus
Exons

1

-ln (Number of negative wells/Number of all wells)
MF=
Number of cells per well×CE

Screening, extension and DNA isolation
A single positive clone was transferred from the 96-well plate
to a 24-microwell plate (Gibco) with 1 ml screening medium
containing 2 µg/ml 6-TG in each well and cultured for
additional 1-2 days. Then, 103 cells was transferred to each
well in a new 24-microwell plate in HAT culture medium and
cultured for 1-3 days. If the cells in a well were obviously
dead, the cloned cells of the well were identified as mutated
clones and the remaining cloned cells in the 24-microwell were
transferred into culture bottles for extension expression. DNA
isolation and purification from wild-type cells and hprt-mutated
cells was performed with conventional method.
Design, synthesis and appraisal of primers
Eight pairs of oligonucleotide primers were designed by computer
software with a minor modification of the literature[12]. The
synthesis and appraisal of the 8 pairs of primers were completed
by different laboratories of Beckman Company in Beijing,
Cybersyn B. J. in American and the Institute of Cellular Biology
of Chinese Academy of Science in Shanghai.
Sequence of 8 pairs of oligonucleotide primers was showed
in Table 1. Exons 7 and 8 were amplified simultaneously with
same primers, because they are only 163 bp apart. All primers
except the exon 1 specific ones enabled amplification of the
corresponding exons in the multiplex PCR. It was, however,
difficult to include exon 1 primers within the remaining set of
all primers without having a spurious synthesis of non-specific
signal. In our pre-experiments with several primer pairs in one
PCR reaction it was difficult to control and optimize the
reaction conditions. In addition, insertions and deletions within
exons could occur, therefore we restricted the number of primer
pairs in a single PCR reaction in order to confirm the distances
among of PCR products based on molecular weights. So, falsenegative or false-positive rate was reduced. Following some
preliminary experiments, 8 pairs of primers of exons were
divided into 3 groups, group one was multiplex PCR including
exons 2, 5, 6 and 7/8, group two included exons 3, 4, and 9; in
group three, exon 1 was amplified separately. Multiplex PCR
method was used to analyze 119 mutants.
PCR analysis
For amplification of hprt exons, 0.5-2.0 µl of genomic DNA
(36-50 ng) was mixed with 50 pmol of each primer in 50 µl
containing 50 mM KCl, 10 mM Tris-HCl (pH8.8), 0.3-1.05
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Primers sequence (5’-3’)

Fragment
size (bp)

F TGG GAC GTC TGG TCC AAG GAT TCA

626

R CCG AAC CCG GGA AAC TGG CCG CCC
2

F CCT GAT ATG CTC TCA TTG AAA CA

211

R GCT GCT GAT GTT TGA AAT TAA CAC
3

F GTT TAA TGA CTA AGA GGT GTT TG

311

R GAA AAC CTA GTG TTG CCA CAT AA
4

F GTG TGT GTA CAT AAG GAT ATA CA

165

R TTC TTC CCT TTC AAG ATA CAT AC
5

F GGA AAT ACC GTT TTA TTC ATT GT

125

R GTG CAT ACT AAG TTA GAA AGG TC
6

F GTG ACT CTG AAT TTA AAG CTA TG

150

R CTG TGT CAA AAT GTC ATA CAT AC
7/8

F GTC TCT

CTG TAT GTT ATA TGT CAC

379

R TGC GTG TTT TGA AAA ATG AGT GAG
9

F GCT ATT

CTT GCC TTT CAT TTC AG

136

R CAA ACT CAA CTT GAA CTC TCA TC

4

3

2

1
110/111
147
190
242
331
404
498/501

4

3

2

1
110/111
147
190
242
331
404
498/501

Figure 1 Detection of deletion mutation in human hprt gene
by multiplex PCR. (A)PCR products from normal cells; (B)PCR
products from one hprt mutant. (1) PUC Mix Marker; (2)Exons 2,5,6,7/8; (3)Exons 3,4,9; (4)Exon 1.
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Statistics
All data were analyzed by student’s t test and total rate test.
The statistical difference P<0.05 was considered as significant
and P<0.01 as very significant.
RESULTS
Cytotoxicity and mutagenicity of γ-rays and ENU
The HL-60 cells plating efficiency (PE) gradually decreased
with increasing concentrations of ENU. There was a
significant difference from the control of PE at concentrations
above 100.0 µg/ml of ENU. A linear increase of the mutation
frequency (MF) with increasing concentration of ENU was
found. At 12.5-200.0 µg/ml ENU, MF was 3.5-20.8 times
higher than that in the control cultures. The cytotoxicity and
mutagenicity of γ-rays were similar to ones of ENU. The HL60 cells PE gradually decreased with increasing doses of γrays. There was a significant difference of PE at doses above
2.0 Gy of γ-rays in comparison with the control. A linear
increase of the MF with increasing doses of γ-rays was found.
At 1.0-4.0 Gy γ-rays, MF was 3.6-14.2 times higher than that
in the control cultures (Table 2).
Table 2 Cytotoxicity and mutagenicity of γ-rays and ENU in
HL-60 cells
Type
Control (µg/ml)
ENU (µg/ml)

γ-ray (Gy)

a

Dose

PE(%)

CE(%)

MF(×10-6)

0.0

93.01

86.64

5.13

12.5

75.92

85.91

17.73a

25.0

70.67

78.62

31.18b

50.0

61.45

82.67

64.45b

100.0

45.77b

83.91

82.61b

200.0

25.63b

67.02

0.5

91.63

146.0

1.0

69.31

186.0b

106.70b
12.30

b

18.30b

2.0

55.34a

108.2

23.20a

4.0

39.94b

69.0

73.00b

P<0.05 vs control group, bP<0.01 vs control group.
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Multiplex PCR analysis
Analysis of multiplex PCR was done in 13 spontaneous
mutants, 59 ENU-induced and 47 γ-rays-induced hprt mutants.
Forty-two mutants (35.3 %) of 119 mutants analyzed were
found to exhibit no abnormal band in any of the 9 exons, which
indicated that these mutants had point mutation without exon
deletion or insertion. In 47 of 119 mutants, less than 8 bands
were existed for each locus, and showed partial deletions of
exons. The remaining 30 mutants had no PCR products, which
meant that all exons studied were deleted. Of all mutants
analyzed, 64.7 % (77/119) had partial or complete deletions.
Molecular spectrum of HPRT gene
Spontaneously derived, γ-rays- and ENU-induced mutants at
the hprt locus were showed in Table 3. The electrophoresis
patterns of mutants mainly consisted of three types: “normal
pattern” including point mutations, total deletion and partial
deletion. γ-rays- (1.0-4.0 Gy) and ENU-induced (12.5-200.0
µg/ml) mutant cells showed mutation spectra that were
significantly different from the spectra of spontaneous
mutations. Total exon deletion did not existed in any
spontaneous mutants but in γ-rays- and ENU-induced mutants.
The proportions of deletion mutations were quite different
between spontaneous mutants and induced mutants, and similar
change of γ-rays- and ENU-induced mutants occurred at the
hprt locus. Over 60 % deletion mutations were found in these
two kind of induced mutants while only 7.7 % deletions were
found in spontaneous mutants. The proportion of the “normal
pattern” in spontaneous mutants and induced mutants were
92.3 % and less than 40 %, respectively. The clearer doseresponse relationship was seen in induction of partial- and
whole-deletion mutation than in induction of mutants including
and kind of mutations.
Analysis of deletion breakpoints
Distribution of the deletions in the 9 exons of the hprt gene
found in the 119 mutants analyzed (Table 4). Deletion
mutations were found in all 9 exons of the hprt gene, but
number of single exon deletion was very small. Most of γrays- (59.6 %) and ENU-induced (67.8 %) mutations were
chain deletion with multiple exons.

Table 3 Summary of multiplex PCR analysis of THH-induced HPRT mutants in HL-60 cells
Number showing PCR changes
Categories of mutation

Number analyzed

Percentage deleted
Complete deletion

Spontaneous

Number showing no change

Partial deletion

13

0

1/13 (7.7%)

7.7%

12/13 (92.3%)

12.5

8

1/8 (12.5%)

4/8 (50.0%)a

62.5%b

3/8 (37.5%)a

25.0

10

2/10 (20.0%)

5/10 (50.0%)a

70.0%b

3/10 (30.0%)b

50.0

10

2/10 (20.0%)

6/10 (60.0%)

b

80.0%

2/10 (20.0%)b

100.0

12

4/12 (33.3%)a

6/12 (50.0%)a

83.3%b

2/12 (16.7%)b

200.0

19

7/19 (36.8%)a

10/19 (52.6%)a

89.4%b

2/19 (10.6%)b

0.5

7

1/7 (14.3%)

1/7(14.3%)

28.6%

5/7 (71.4%)

1.0

13

3/13 (23.1%)

2.0

10

4.0

17

ENU (µg/ml)

b

γ-rays (Gy)

a

5/13 (38.5%)

b

61.5%

5/13 (38.5%)b

3/10 (30.0%)a

3/10 (30.0%)

60.0%b

4/10 (40.0%)b

7/17 (41.2%)b

6/17 (35.3%)

76.5%b

4/17 (23.5%)b

P<0.05 vs control group, bP<0.01 vs control group.
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Table 4 Schematic diagram of the distribution of deletion within nine exons of the human HPRT gene
Types of exons deletion
1

2

3

4

5

6

Mutation clones
7/8

9

Spontaneous mutants
—

a

ENU-induced mutants
—
—
—

—
—

—
—

—

—

—

—

—
—
—

—

—

—

12

92.3

1

7.7

12

20.3

3

5.1

2

3.4

4

6.8

2

3.4

1

1.7

2

3.4

2

3.4

2

3.4

—

—

—

—

1

1.7

—

—

1

1.7

3

5.1

—

—

—

—

—

—

—

—

—

—

—

—

1

1.7

—

—

—

—

—

—

—

16

27.1

—

—

—

—

—

1

1.7

—

—

1

1.7

2

3.4

2

3.4

—
—

—

—

—

—
—

—

—

r-rays-induced mutants
—
—

—

—

—

—

—

—

—
—

—

—

—

—

—
—

—
—

1

1.7

18

38.3

1

2.1

1

2.1

2

4.3

2

4.3

1

2.1

—

—

—

1

2.1

—

—

—

3

6.4

—

—

1

2.1

—
—

a

Percent (%)

—

—

—

—

Number

—

—

—

—

—

1

2.1

—
—

—
—

—
—

—
—

—
—

2
14

4.3
29.8

deletion of a exon.

DISCUSSION
The X-linked HPRT gene is the most extensively examined
mammalian locus for mutagenesis studies[13-15]. The enzyme is
part of the purine salvage pathway, catalyzing the reaction of
5-phosphoribosyl, 1-pyrophosphate with either hypoxanthine
or guanine to form precursors that are recycled for use in DNA
synthesis. As exploited in mutation analysis, this pathway leads
to the killing of wild-type cells exposed to the toxic base
analogue 6-TG[16-18]. Toxicity and mutagenesis of γ-ray and
ENU were characterized in HPRT locus forward mutation test,
and found that reverse relationship between them was existed.
γ-ray and ENU could serve a dual purpose to clone efficiency
of HL-60 cell, which have association with dosages.
DNA hybridization used to be a main method in mutation
analysis of HPRT gene, and recently PCR has been used in
studies of gene mutation, and improved the precision of
mutation analysis[19-21]. HPRT gene mutations were studied with
multiplex PCR method. As it was difficult to control and

optimize the reaction conditions in our preliminary study,
insertions and deletions within exons could occur, the number
of primer pairs in a single PCR reaction was restricted in order
to confirm the distances among of PCR products according to
their molecular weights, consequently false-negative or falsepositive rate were reduced. Therefore, eight pairs of primers
were divided into 3 groups: one multiplex PCR included exons
2, 5, 6 and 7/8, second one included exons 3, 4 and 9, and in
third one, exon 1 was amplified separately.
ENU is a direct-acting alkylating agent that produces similar
ratios of well-characterized ethyl adducts in DNA in solution,
in prokaryotes, in cultured mammalian cells, and in various
tissues of rats and mice in vivo[22-24]. Several O-ethyl-adducts,
including O 6-ethylguanine, O 4 -ethylthymine, and O 2 ethylthymine, have been shown to direct mispairing of bases
during DNA replication in vitro[25,26], and the results of sitedirected mutations are consistent with the types of base
substitutions observed in assays of ENU mutation specificity[27].
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Furthermore, ENU was used as the model agent for developing
the in vivo hprt mutation assays in mouse, rat, and monkey
and for defining the age-dependent relationships between
chemical exposure, DNA aduction, and phenotypic expression
of hprt mutations in T cells of exposed mice[28,29].
Ionizing radiation may exert a carcinogenic stimulus, even
at low levels of exposure. Such biological effects have been
extensively studied. Observed mutation frequencies of γ-rayinduced mutation in HL-60 cells were similar to the results
reported previously for X-irradiated human fibroblasts[30-32].
Our results support the general observation that the majority
of ionizing-radiation-induced mutations at the hprt locus are
large deletions, about 60 % of mutants of γ-irradiated HL-60
cells exhibited large deletions (1.0-4.0 Gy). These results
suggest that the size of genetic alteration appears to be
dependent on doses. It is now thought that hprt gene mutations
unlikely results from block of transcription and the initial
damage leads to irreversible DNA loss.
No obvious differences among the absolute numbers of
mutants in all 9 exons of hprt gene were found, meaning that
there were no clear “ hot spots”. However, some reports showed
the preferential localization of deletion breakpoints at or toward
the 3’ end of the hprt gene[33-35]. Our results suggested that 9
exons of hprt gene are not well distributed, so the controversy
might be due to different methods rather than results. As deletion
breakpoints are mapped and sequenced more precisely, it may
be helpful in clarifying the mechanisms of induced deletion.
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Abstract
AIM: To establish a non-traumatic, easy to induce and
reproducible mouse model of severe acute pancreatitis (SAP)
induced with caerulein and lipopolyasccharide (LPS).
METHODS: Thirty-two healthy mature NIH female mice
were selected and divided at random into four groups (each
of 8 mice), i.e., the control group (NS group), the caerulein
group (Cn group), the lipopolysaccharide group (LPS group),
and the caerulein+LPS group (Cn+LPS group). Mice were
injected intraperitoneally with caerulein only, or LPS only,
and caerulein and LPS in combination. All the animals were
then killed by neck dislocation three hours after the last
intraperitoneal injection. The pancreas and exo-pancreatic
organs were then carefully removed for microscopic
examination. And the pancreatic acinus was further observed
under transmission electron microscope (TEM). Pancreatic
weight, serum amylase, serum nitric oxide (NO)
con centrati on, supe roxi de d ismu tase (SO D) and
malondialdehyde (MDA) concentration of the pancreas were
assayed respectively.
RESULTS: (1) NS animals displayed normal pancreatic
structure both in the exocrine and endocrine. In the LPS
group, the pancreas was slightly edematous, with the
infiltration of a few inflammatory cells and the necrosis of
the adjacent fat tissues. All the animals of the Cn group
showed distinct signs of a mild edematous pancreatitis
characterized by interstitial edema, infiltration of neutrophil
and mononuclear cells, but without obvious parenchyma
necrosis and hemorrhage. In contrast, the Cn+LPS group
showed more diffuse focal areas of nonviable pancreatic
and hemorrhage as well as systemic organ dysfunction.
According to Schmidt’s criteria, the pancreatic histologic score
showed that there existed significant difference in the Cn+LPS
group in the interstitial edema, inflammatory infiltration,
parenchyma necrosis and parenchyma homorrhage in
comparison with those of the Cn group, LPS group and NS
group (P<0.01 or P<0.05). (2) The ultrasturcture of acinar
cells was seriously damaged in the Cn+LPS group. Chromatin
margination of nuclei was present, the number and volume
of vacuoles greatly increased. Zymogen granules (ZGs) were
greatly decreased in number and endoplasmic reticulum
exhibited whorls. The swollen mitochondria appeared, the
crista of which was decreased in number or disappeared.
(3) Pancreatic weight and serum amylase levels in the Cn

+LPS was significantly higher than those of the NS group
and the LPS group respectively (P<0.01 or P<0.05).
However, the pancreatic wet weight and serum amylase
concentration showed no significant difference between the
Cn+LPS group and the Cn group. (4) NO concentration in
the Cn+LPS group was significantly higher than that of NS
group, LPS group and Cn group(P<0.05 or P<0.01). 5) The
SOD and MDA concentration of the pancreas in the Cn+LPS
group were significantly higher than those of NS, LPS and
Cn groups (P<0.05 or P<0.01).
CONCLUSION: The mouse model of severe acute
pancreatitis could be induced with caerulein and LPS, which
could be non-traumatic and easy to induce, reproducible
with the same pathological characteristics as those of SAP
in human, and could be used in the research on the mechanism
of human SAP.
Ding SP, Li JC, Jin C. A mouse model of severe acute pancreatitis
induced with caerulein and lipopolysaccharide. World J
Gastroenterol 2003; 9(3): 584-589
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INTRODUCTION
Severe acute pancreatitis (SAP) is characterized by local
pancreatic necrosis as well as systemic organ failure and is
still associated with a higher morbidity and mortality despite
continuing improvements in critical care[1-9]. Several animal
models have been developed for studying the mechanism,
recovery, prognosis and treatment of human SAP [10-12].
However, these methods such as retrograde pancreaticduct
injection, intraductal infusion of sodium taurocholate, closed
duodenal loop, pancreatic duct obstruction are so invasive and
complex in operation that the mortality of the animals was
high[10-12]. The aim of this study is to establish a SAP animal
model induced with caerulein and lipopolyasccharide (LPS),
which is non-traumatic, convenient and easy to practise, and
reproducible and with the same histopathologic characteristics
as those of SAP in human.
MATERIALS AND METHODS
Chemicals
Caerulein and LPS (Escherichia coli 0111:B4) were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). Assay kits
for serum amylase, NO, SOD and MDA concentration were
from Nanjing Jiancheng Biological Products Institute (Nanjing,
China). Other reagents used were of analytic grade.
Animal and grouping
Thirty-two healthy mature NIH female mice, weighing 22.028.0 g, provided by Experimental Animal Center of Zhejiang
Academy of Medical Sciences, were selected and divided at
random into four groups (each of 8 mice), i.e. the control
group (NS group), the caerulein group (Cn group), the
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lipopolysaccharides group (LPS group), the caerulein +
lipopolysaccharides group ( Cn+LPS group).

Establishment of the model of severe acute pancreatitis
All the female NIH mice were fed with a standard diet and fasted
for 18 hours before induction of pancreatitis. They received water
ad libitum during the experiments. In the NS group, the animals
were injected intraperitoneally by normal saline at a dose of 50
ml/kg at a 1 h interval six times. In the Cn group, acute
pancreatitis was induced by six intraperitoneal injections of
caerulein administered at a dose of 50 µg/kg at a 1 h interval.
This pancreatitis was mild, and all animals survived. In the LPS
group, the animals were injected intraperitoneally with normal
saline (50 ml/kg) six times every one hour prior to the
intraperitoneal infusion of LPS (10 mg/kg). In the Cn + LPS
group, the mice were induced by LPS challenge after induction
of mild pancreatitis, i.e., the mice received intraperitoneal
injections of 10 mg/kg LPS immediately after the sixth caerulein
injection. Three hours later, all the animals were killed by neck
dislocation and the pancreas was carefully dissected from its
attachment to the stomach, duodenum and spleen. Fat and tissue
excess were trimmed away. The pancreas was rinsed with saline,
blotted on paper and weighed. And then, one part was fixed and
embedded in paraffin wax for histological analysis; the other
part was immediately frozen in liquid nitrogen and stored at
-78
until the measurement of SOD and MDA concentration.
And the liver, kidney and lung were also carefully removed.
Blood samples were obtained from femoral artery and were
stored at -78 until use.
Histological examination
For histological examination, the pancreas was fixed in 10 %
formaldehyde for 24 hours, embedded in paraffin, and stained
with haematoxylin and eosin. According to Schmidt’s
standard [13], a pathologist who was blinded to the treatment
protocol scored the tissues for edema, inflammatory infiltration,
parenchymal necrosis, and hemorrhage in 20 fields. Grading
for edema was scaled as: 0, absent or rare; 1, edema in the
interlobular space; 2, edema in the intralobular space; and 3, the
isolated-island shape of pancreatic acinus. Inflammation was
scored as: 0, absent; 1, mild; 2, moderate; and 3, severe. The
parenchyma necrosis was as follows: 0, absent; 1, focal (<5 %);
2, and/or sublobular (<20 %); 3, and/or lobular (>20 %). The
parenchyma hemorrhage was scored as: 0, absent; 1, mild; 2,
moderate and 3, severe. Liver, kidney and lung sections were
similarly stained and assessed for histological changes.
Separate experiment was performed to observe the changes
of the pancreas. Pancreatic tissues were double fixed in 2.5 %
glutaraldehyde and 1 % osmic acid for 2 hours, then stained
with 2 % acetic acid U rapidly, dehydrated in a graded series
of alcohol and acetone, embedded in Epon 812 and cut with
Leica Ultracut UCT ultramicrotome. Specimens were double
stained by acetic acid U and lead citrate fluid and examined
with Philips Tecnai 10 TEM operated at 80Kv.
Measurement of serum amylase, NO concentration, SOD and
MDA concentration of the pancreas
Serum amylase and NO concentration were assayed according
to I-starch chromatometry and a copper-coated cadmium
reduction method respectively. The pancreas was isolated and
was made homogenate. SOD and MDA concentration of the
pancreas were measured by the xanthine oxidase method and
the sulfo-barbituric acid method respectively.
Statistical analyse
Data were expressed as means ± SD and analyzed by twotailed Student’s t test.
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RESULTS
Histological examination
Microscopic examination NS animals displayed normal
pancreatic histology both in the exocrine and endocrine. In the
LPS group, the pancreas was slightly edemamous (Figure 1),
with the infiltration of a few inflammatory cells and the necrosis
of the adjacent fat tissues. The animals of the Cn group treated
with caerulein, showed distinct signs of a mild edematous
pancreatitis characterized by interstitial edema (Figure 2),
infiltration of neutrophil and mononuclear cells, but without
obvious parenchyma necrosis and hemorrhage. The organs,
except for the pancreas, showed normal histological
characteristics. However, the animals of the Cn+LPS group,
which was induced with caerulein and aggravated by
subsequent LPS injection, showed the features of a severe form
of acute pancreatitis characterized by expansion of interlobular
and intralobular spaces caused by moderate to severe interstitial
edema, extensive infiltration with inflammatory cells, more
diffuse focal areas of nonviable pancreatic parenchyma (Figure
3). Necrosis of peripancreatic fat was also a distinct feature in
these animals. In addition, renal cells were swollen (Figure
4A); the lobules of liver was disorganized, with the
vacuolization of liver cells (Figure 4B) and a lot of erythrocyte
and inflammatory cells also infiltrated in the cavity of
pulmonary alveolus (Figure 4C).
According to Schmidt’s criteria, the histological score
showed that there existed significant difference in the Cn+LPS
group in the interstitial edema, inflammatory infiltration,
parenchyma necrosis and parenchyma homorrhage as
compared with those of the Cn group, the LPS group and the
NS group (P<0.01 or P<0.05) (Table 1).
Table 1 Comparison of the pancreas lesion between groups (n=8)
Groups

Interstitial
edema

NS
0.0
Cn
1.95±0.26b
LPS
0.25±0.03ad
Cn+LPS 2.75±0.43bc
a

Inflammatory Parenchyma
infiltration
necrosis
0.0
1.12±0.22bc
0.25±0.43bd
2.88±0.33bc

0.0
0.63±0.09bd
0
2.75±0.33bd

Parenchyma
hemorrhage
0.0
0
0
1.25±0.26bd

P<0.05, bP<0.01, vs NS group; cP<0.05, dP<0.01, vs Cn group.

Electron microscope examination of the pancreatic acinus
The ultrastructure of acinar cells was normal in the NS group.
In the cytoplasm of the acinar cells, a plenty of rough
endoplasmic reticulum (RER) and ribosome and a great deal
of ZGs appeared. After LPS stimulation, a few cytoplastic
vacuoles formed in acinar cells (Figure 5). In the Cn group, a
few cytoplastic vacuoles in acinar cells also appeared, and ZGs
were decreased in number. The RER and the mitochondria
was slightly swollen (Figure 6). However, in the Cn+LPS
group, the morphological alterations of mouse pancreatic acinar
cells were observed under transmission electron microscope.
Chromatin margination of nuclei was present (Figure 7A), the
number of vacuoles greatly increased and their volume also
greatly increased (Figure 7B). ZGs were greatly decreased in
number and endoplasmic reticulum exhibited whorls (Figure
7C). The swollen mitochondria appeared, the crista of which
was decreased or disappeared (Figure 7D).

Comparison of pancreatic weight and serum amylase
Subsequent experiment showed that pancreatic weight and
serum amylase in the Cn +LPS and the Cn group were
significantly higher than those in the NS group and the LPS
group respectively (P<0.01 or P<0.05). However, the pancreatic
wet weight and serum amylase showed no significant
difference between the Cn+LPS and the Cn groups (Table 2).
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Figure 1 In the LPS group, the pancreas was slightly edemamous. ×100.
Figure 2 Microscopic section of the pancreas from the Cn group, showing the features of acute edematous pancreatitis notably
interstitial edema. ×100.
Figure 3 In the Cn+LPS group, more diffuse focal areas of nonviable pancreatic parenchyma appeared obviously. ×100.
Figure 4 The histological change of the exo-pancreatic organs in the Cn+LPS group. A: Renal cells were swollen; ×100; B: The vacuolization of liver cells; ×400; C: A lot of erythrocyte and inflammatory cells also infiltrated in the cavity of pulmonary alveolus. ×100.

5

6

7A

7B

7C

7D

Figure 5 A few cytoplastic vacuoles formed in acinar cells in the LPS group. ×10 000.
Figure 6 In the Cn group, a few cytoplastic vacuoles in acinar cell appeared, and ZGs were decreased in number. The RER and the
mitochondria was slightly swollen. ×10 000.
Figure 7 The ultrastructure change of the pancreatic acinus in the Cn+LPS group. A: Chromatin margination of nuclei was
present, the swollen mitochondria appeared; ×7 000; B: the number of vacuoles greatly increased and their volume also greatly
increased; × 7 000; C: the endoplasmic reticulum exhibited whorls; ×14 000; D: The crista of mitochondria was decreased or
disappeared. ×20 000.
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Table 2 Comparison of pancreatic wet weight and serum amylase between groups (x±s)
Groups

Pancreatic weight (mg)

NS
Cn
LPS
Cn+LPS

247.70±30.20
337.20±50.90bc
290.10±39.70a
380.00±32.00bc

a

Serum amylase (U/L)
1861.35±303.36
11042.32±528.03bd
2385.50±73.60b
10031.70±906.19bd

P<0.05, bP<0.01, vs NS group; cP<0.05, dP<0.01, vs LPS group.

Comparison of NO concentration
There was significant difference in the concentration of NO
among the groups (Figure 8). The results showed that the
concentration of NO in the Cn+LPS group was significantly
higher than that in the NS, LPS and Cn groups (P<0.01).

No concentration (umol/L)

600
abc

500
400
300
200
100
0

a
NS

Cn

LPS

Cn+LPS

Figure 8 Comparison of NO concentration between groups
(x±s) (n=8). aP<0.01, vs NS group; bP<0.01, vs LPS group; c P<0.05,
vs Cn group.

SOD and MDA concentration of the pancreas
The concentration of SOD and MDA in the pancreas showed
significant difference between groups (Table 3). SOD
concentration of the pancreas in the Cn+LPS group decreased
significantly as compared with that of the NS, LPS and Cn
groups. However, MDA concentration of the pancreas in the
Cn+LPS group increased significantly compared with that of
the NS, LPS and Cn groups.
Table 3 Comparison of SOD and MDA concentration between
groups (x±s) (n=8)
Groups

SOD concentration
(NU/mgprot)

NS
Cn
LPS
Cn+LPS

151.67±10.74
135.73±10.87a
136.05±17.25a
85.13±11.19bcd

MDA concentration
(nmol/mgprot)
0.74±0.34
0.79±0.31
0.97±0.29
1.22±0.24bd

P<0.05, bP<0.01, vs NS group; cP<0.01, vs LPS group; dP<0.01,
vs Cn group.
a

DISCUSSION
Acute pancreatitis may be classified histologically as interstitial
edematous or necrotizing according to the inflammatory
changes in the pancreatic parenchyma[14-19]. As for a mild
edematous form, the pancreas observed under light microscope
showed interstitial edema, interstitial hyperemia and
inflammatory cell infiltration and occasionally punctate fat
necrosis, but without obvious parenchyma necrosis and
hemorrhage [20-24]. However, a severe necrotizing form is
characterized by extensively coagulative necrosis and
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hemorrhage as well as systemic organ dysfunction[25-34]. In the
present study, the results showed that the animals of the Cn
group, which was treated with caerulein only, showed distinct
signs of a mild edematous pancreatitis, indicating that the
pancreatic weight and serum amylase became gradually higher
than those of the NS group and the LPS group. The microscopic
examination showed interstitial edema and inflammatory cell
infiltration in the pancreas, and slight parenchyma necrosis
and hemorrhage. And the organs except the pancreas, had a
normal histological feature. Furthermore, transmission electron
microscopic observation of the acinus cells displayed a few
cytoplastic vacuoles in acinar cell, and ZGs were found
decreased in number and the RER and the mitochondrion were
slightly swollen. In the LPS group which was treated with LPS
only, serum amylase and pancreatic weight had an increasing
tendency, but the pancreas showed interstitial edema and the
formation of a few vacuoles in the cytoplasm of the acinar
cells. LPS could not induce acute pancreatitis, which further
confirmed Jaworek’s findings[35]. In the Cn+LPS group, which
was induced by caerulein and aggravated by subsequent LPS
injection, the level of serum amylase and pancreatic weight
increased and the pancreas became edematous and the
inflammatory cells infiltrated and necrosis and hemorrhage
appeared obviously in the pancreas, the ultrastructure of the
acinus was destroyed, the organs except the pancreas was
lesioned to a different extent. Moreover, in the histological
score, there existed significant difference in the Cn+LPS group
in the interstitial edema (2.75±0.43), inflammatory infiltration
(2.88±0.33), parenchyma necrosis (2.75±0.33) and
parenchyma homorrhage (1.25±0.26) in comparison with those
of carerulein only (1.95±0.26; 1.12±0.22; 0.63±0.09; 0), those
of LPS only (0.25±0.03; 0.25±0.43; 0; 0) and the NS group
(0; 0; 0; 0) (P<0.01 or P<0.05). It is thus clear that, when
induced with caerulein and LPS in combination, the pancreas
was destroyed so severely as to result in inflammatory reaction
in the body and systemic organ dysfunction. Moreover, the
model induced with caerulein and LPS was almost stable under
the condition of duplications. Therefore, the mouse model
induced with caerulein and LPS was non-traumatic, convenient,
easily replicating and bearing the same histological changes
as those of human SAP.
Caerulein is a kind of ten-peptide substances, the analog
of cholecystokinin, and possesses different biological
activities[36,37]. Caerulein can stimulate the acinar cells to excrete
a large amount of digestive enzyme and pancreatic fluid,
resulting in a mild edematous pancreatitis characterized by a
higher serum amylase level, interstitial edema, leukocyte
infiltration and the vacuolation of acinar cells[36,37]. LPS is a
kind of endotoxin, which could activate the mononuclear cell
system to release cytokines to switch on systemic inflammation
reaction[38]. Clinically, the endotoxin level was related to the
severity of the illness. Therefore, the mechanism to develop
severe acute pancreatitis and organ failure with caerulein and
LPS might be that caerulein could activate the pancreatin to
destroy the pancreas, and detonate inflammatory cells to release
inflammation mediators and subsequently LPS challenged the
reaction of inflammation medium, thus developing local
pancreatitis into severe inflammation reaction in the body[39-50].
Recent evidence indicated that these cytokines from the
inflamed pancreas can activate the production of the inducible
nitric oxide (NO) synthase, resulting in overproduction of NO,
which acts as a key final cellular and intercellular mediator[51-53].
In this study, the concentration of NO was significantly higher
in the Cn+LPS group, as compared with that of caerulein alone
or LPS alone (P<0.01). NO as an endothelium-derived relaxing
factor (EDRF) and a highly reactive free radical, is produced
from the amino acid L-arginine by a family of isoenzymes,
the nitric oxide synthases (NOS). Two broad groups can be
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identified: constitutive (cNOS) and inducible (iNOS). cNOS
is present predominantly as a normal constituent of healthy
endothelial cells (endothelial isoform, eNOS) and synthesizes
NO in small amounts in response to physical or receptor
stimulation. iNOS is not a normal cellular constituent, but can
be expressed in a wide variety of cells and generates large
amounts of NO in a sustained and largely uncontrolled manner.
Excessive production of NO causes vasodilatation and
hypotension that is refractory to vasoconstriction, together with
increased microvascular permeability and extravascular third
spacing. The physiological inability to correct these adverse
responses results in end organ hypoperfusion, oedema,
initiation of anaerobic metabolism, and end organ dysfunction.
Moreover, the reaction of NO with superoxide causes the
formation of peroxynitrite, which is a powerful oxidant and
cytotoxic agent and may play an important role in the cellular
damage associated with the overproduction of NO. The
spontaneous reaction of peroxynitrite with proteins makes the
nitration of tyrosine residues to form nitrotyrosine, which is a
specific nitration product of peroxynitrite and a marker for
peroxynitrite induced oxidative tissue damage. It is thus evident
that the increase of NO concentration is related to the lesion of
pancreas and other organs. In addition, the concentration of
SOD as an antioxidant significantly lowered and that of MDA
as the lipid peroxide significantly increased, which further
indicated that the free radical reaction and oxidation response
could be intensified with caerulein and LPS so that a mild
edematous form could change subsequently into a severe
necrotizing form.
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Abstract
AIM: Initial report on the in situ examination of the mRNA
expression of transforming growth factor betas (TGFβs),
TGFβ type II receptor (TβRII) and telomerase activity in the
experimental rat liver tissue during cholangiocarcinogenesis.
METHODS: Rat liver cholangiocarcinogenesis was induced
by 3’-methyl 4-dimethylazobenzene (3’Me-DAB). In situ
hybridization was used to examine the TGFβs) and TGFβ
type II receptor (TβRII) mRNA, in situ TRAP was used to
check the telomerase activity in the tissue samples.
RESULTS: There was no TGFβs, TβRII mRNA expression
or telomerase activity in the control rat cholangiocytes. The
expression of TGFβ1, TβRII was increased in regenerative,
hyperplastic, dysplastic cholangiocytes and cholangiocarcinoma
(CC) cells. The expression of TGFβ2 mRNA was observed in
only a part of hyperplastic, dysplastic cholangiocytes. TGFβ3
expression was very weak, only in hyperplastic lesion. There
was positive telomerase activity in the regenerative,
hyperplastic, dysplastic cholangiocytes, and CC cells. Stroma
fibroblasts of these lesions also showed positive TGFβs, TβRII
mRNA expression and telomerase activity.
CONCLUSION: There were TGFβs, TβRII expression and
telomerase activity in hyperplastic, dysplastic cholangiocytes,
cholangiocarcinoma cells as well as in stroma fibroblasts
during cholangiocarcinogenesis. Their expression or activity
is important in cholangiocarcinogenesis andstroma formation.
Lu JP, Mao JQ, Li MS, Lu SL, Hu XQ, Zhu SN, Nomura S. In situ
detection of TGF betas, TGF beta receptor II mRNA and
telomerase activity in rat cholangiocarcinogenesis. World J
Gastroenterol 2003; 9(3): 590-594
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INTRODUCTION
Transforming growth factor beta (TGFβ)-TGFβ receptor (TβR)
signaling system is important in growth regulating

carcinogenesis and cancer progression [1,2]. Lacks of the
expression of TGFβ and/or TβR, mutation of the related genes
were reported in human and animal malignancies[3-5]. These
abnormalities were considered to be the cause of interruption
of the growth signal from the TGFβ to the cell nuclear, resulting
in the uncontrolled growth of the involved cells. While there
are reports on the efficacy of TGFβ which supported that TGFβ
was involved in cancer invasion and metastasis[1, 2, 6].
Hepatocellular carcinoma (HC) and intrahepatic
cholangiocarcinoma (CC) are two most common types of liver
carcinoma[7, 8]. Though there are reports on their expression in
HC[9, 10], few reports dealed with the expression of TGFβs and/
or TβR in CC. Bile ducts had increased expression of TGFβ1
in inflammatory or obstructive lesions[11]. TGFβ1 was detected
in small amount of cancer cells among 25 of 30 CC cases[12].
The expression and significance of TGFβs and their receptors
during cholangiocarcino-genesis are poorly understood.
Stroma fibrosis is one of the characteristics of CC[7, 8], but the
mechanism of excessive stroma formation is not clear.
Telomerase is a key enzyme in the maintenance of the
telomeric DNA length[13]. Telomerase is undetectable in most
normal somatic tissues. Its activity was reported in most cancer
cell lines as well as cancer tissues from human and experimental
animals[13, 14]. mRNA of telomerase and telomerase-associated
protein were detected in CC and its preneoplastic lesions[15]. It
is not clear in which stage the telomerase is activated during
cholangiocarcinogenesis.
Liver carcinogenesis was induced by feeding rats with
0.05 % 3’-methyl 4-dimethylazobenzene (3’Me-DAB) in
maize flour. The model showed progressive changes from
degeneration, necrosis, to cholangiocyte hyperplasia, dysplasia
and CC[16]. We found obviously increased expression of TGFβ
and TGFβ type II receptor (TβRII) mRNA and telomerase
activity in the proliferative, dysplastic cholangiocytes, CC cells
as well as stroma fibroblasts. Here we report these findings
and discuss their significance.

MATERIALS AND METHODS
Animals and reagents
Male Wistar rats (n=100, weighing 65±10 g) and foods were
purchased from the Shanghai Experimental Animal Center of
Chinese Academy of Science. All rats received humane care.
3‘Me-DAB was purchased from the Tokyo Kasai Co. Ltd.
(Tokyo, Japan Cat. 0207). DIG RNA labeling kit (Cat. No.
1175025), DIG nucleic acid detecting kit (Cat. No. 1175041),
and Telomerase PCR ELISA kit (Cat. No. 1854666) were
bought from Roche, Germany. Mouse anti-proliferating cell
nuclear antigen (PCNA), goat anti-vimentin and biotinylated
secondary antibodies were purchased from DAKO. ABC Kit
was the product of Vector.
Alcian blue (8GS) was the product of Chroma. Sirius red
(F3B) was from Sigma. All other reagents were of analytical
or molecular biology research grade from Sigma, Merck or
Shanghai Analytical Chemical Co.
Experimental design
The rats were divided into Experimental (n=60) and Control
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(n=40) Groups randomly and fed with common compound
food and tap water during the first week of adaptation. Maize
flour containing 0.05 % 3’Me-DAB was prescribed to the
Experimental Group rats for 12 weeks to induce liver cancer.
The Control Group rats were fed with maize flour only for the
12-week-period. Common compound food was given to all
rats after the period. The rats were sacrificed under
anesthetization from 4-week to the end of 22-week since 3’MeDAB feeding.
The liver tissues with macroscopic lesions were sampled.
Samples from half of the lesions were fixed in 4 % buffered
paraformaldehyde, embedded in paraffin for routine H.E,
histochemical staining, immunohistochemistry and in situ
hybridization. Samples from residual half of the lesions were
embedded in OCT compounds, snap frozen, and cryostat
section for histochemical staining and in situ TRAP reaction.
H.E. alcian blue, PAS and sirius red staining were undertaken.
The liver lesions were classified into not obvious, hyperplastic
or cholangial proliferative, dysplastic proliferative foci and
cancer[7, 8, 14]. The cholangial property of the cells in the lesion
was confirmed by positive mucin staining with either serum
albumin mRNA expression, or cytoplasmic glycogen.

In situ hybridization
Plasmids containing cDNAs of TGFβ1, 2, 3; TβRII and serum
albumin (SA) were proliferated in E. Coli. The plasmids were
extracted, purified and linearized with specified endonucleases
(Table 1). Anti-sense and sense cRNAs were then made and
labeled with digoxigenin in vitro[17].
Paraffin embedded tissue samples were sectioned (5 µm).
The sections were deparaffinized in serial xylene and alcohol
solvents, transferred into 100 mM PBS (pH7.4) and digested
with proteinase K. The sections were pretreated with 4 %
buffered paraformaldehyde, PBS, 200 mM HCl, 100 mM TEAHCl buffer (pH8.0), 100 mM TEA·0.25 % anhydrous acetate,
PBS and further dehydrated with serial alcohol. Pre-warmed
hybridization solution containing digoxigenin labeled probe
was dropped on the pretreated sections, covered with parafilm
and incubated in wet chamber for 15 hours at 50 . After
hybridization, the sections were washed in 5×SSC, 2×SSC with
50 % formamide and TNE solutions. Non-hybridized probe
was digested with RNAse A. Digoxigenin labeled probe was
detected with alkaline phosphatase labeled anti-digoxigenin
antibody and visualized with NBT-BCIP substrate[17, 18]. Some
of the sections were further counterstained with eosin, alcian
blue, and /or hematoxylin.
Addition of SA anti-sense probe was used as positive
control, sense probes were used as negative controls.
Table 1 Probes and plasmids
Probe Vector

Endonuclease and promotor Length of
cRNA (-)
cRNA (+)
cDNA

TβRII pBluescript II KS(-)

EcoRI

T3

Hind III T7

485bp

TGFβ1 pBluescript II KS(-)

XhoI

T3

Hind III T7

400bp

TGFβ2 pGEM 3ZF(-)

HindIII T7

EcoRI SP6

500bp

TGFβ3 pGEM 3ZF(-)

BamHI T7

EcoRI SP6

280bp

SA

HindIII T3

EcoRI

620bp

pBluescript II KS(-)

T7

In situ TRAP
Liver tissues embedded in O.C.T. compounds were sectioned
(10 µm), air-dried shortly for further processing. The in situ
TRAP was performed as reported[14, 19]. Briefly, the elongation
and PCR mixture was dropped onto cryostat sections and
incubated in wet chamber for 30 min at 30 . Telomerase
was inactivated at 94
for 5 min. The elongated telomere
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sequence was amplified within GeneAmp in situ PCR System
1000 (Perkin-Elmer Co. Foster City, CA 94404) for 30 cycles.
Each cycle included: 94 for 30 sec, 50 for 30 sec, 72
for 20 sec. Last cycle was followed by 72
for 10 min. The
sections were then washed with washing buffer and fixed with
4 % buffered paraformaldehyde.
The sections were further treated with digoxigenin labeled
probes, peroxidase labeled anti-digoxigenin antibody and
coloration substrate to show the products of amplification. The
reaction products were directly photographed before the
addition of stop solution. Negative controls included:
elongation after inactivation of telomerase, no probe, no
antibody or substrate only control.

Immunohistochemical and histochemical reactions
Paraffin sections were routinely deparaffinized and transferred
to PBS. PCNA affinity to antibody was recovered by
microwave oven treatment of the sections in 10mM TAE.
Immunohistochemical detection of PCNA and vimentin was
performed following routine procedure[20].
Alcian blue and sirius red staining were undertaken on
paraffin sections. PAS staining was carried out on paraffin as
well as frozen sections.
The experiment was undertaken on at least 6 rats from
different period of carcinogenesis with lesions of regeneration,
hyperplasia, dysplasia and carcinoma foci separately. The
experiments on the same sample were duplicated to ensure
the results.
RESULTS
The Control Group rats showed no obvious pathologic changes.
There was no detectable expression of TGFβ1, 2, 3, TβRII
mRNA in the cholangiocytes and bile duct cells from the
control rat liver. There was a zonal expression of SA in
hepatocytes, stronger at zone 1 and weaker at zone 3. Neither
telomerase activity, nor PCNA reaction was detected in the
cholangiocytes and bile duct cells. The stellate cells of the sinus
were positive to vimentin.
There were successive histologial changes in the liver tissue
samples in Experimental Group rats: from degeneration and
necrosis, regeneration and proliferation, hyperplasia and
dysplasia, to carcinoma.
At the early stage, there were massive degeneration and
necrosis of the liver tissue samples. No TGFβ1, 2, 3, TβRII
expression or telomerase were detected in the degenerative
and necrotic liver tissue samples.
Later, regeneration and proliferation of cholangiocytes and
hepatocytes were observed. Early in the regenerative and
proliferative lesion, there were epithelial cells with edematous
stroma. The epithelial cells were scattered in small clusters or
forming cell cords, sometimes with lumen in the cords. When
the cells differentiate toward cholangiocytes, the cytoplasm
of the cells became basophilic without SA or glycogen. There
was mucus accumulation in the cytoplasm or in some of the
lumens. These cells showed positive TGFβ1 mRNA expression
(Figure 1-2). Telomerase activity and PCNA positive nucleus
appeared in these epithelial cells.
The proliferation of cholangiocytes continued but the edema
of the stroma reduced with time, while vimentin positive
fibroblast proliferation appeared in stroma followed by
deposition of collagen. At this stage, the cholangiocytes and
fibroblasts expressed high level of TGFβ1, 2 and TβRII mRNA
(Figure 3-4). These cells were also positive to PCNA and
telomerase reactions (Figure 7). TGFβ3 can also be detected
transiently in some cholangiocytes. The lesion developed into
cholangiocyte hyperplasia with stroma fibrosis (Figure 4, 7).
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Figure 1-6 In situ hybridization showed the mRNA localization (NBT-BCIP purple colored) of TGFβ1 (Figure1, 2), TGFβ2 (Figure
3), TβR II (Figure 4-6). Figure 1-3 counterstained with eosin; Figure 4-6 counterstained with alcian blue and eosin.
Figure 7-9 In situ TRAP shows telomerase activity of the hyperplastic (Figure 7), dysplastic cholangiocytes (Figure 8) and
cholangiocarcinoma (Figure 9) in rat liver tissue. Hyperplastic epithelial cells in the stroma form clusters, cords, and ducts (Figure
1, 4, 7). There was mucin formation in some of the ducts (Figure 4) indicating they were cholangiocytes. The hyperplastic
cholangiocytes showed TGFβ1, TβR II mRNA expression. (Figure 1, 4), There was telomerase activity in their nuclei (Figure 7).
Proliferative cholangiocytes forming duct structures. Some of them had structural and cellular atypia indicating cholangial dysplasia or cholangiocarcinoma in hyperplastic lesion (Figure 2, 3, 5, 6, 8). The expression of TGFβ1, 2, (Figure 2, 3), TβR II (Figure 46) and mucin formation in the hyperplastic and dysplastic ducts were uneven (Figure 2-3, 5-6). In Cholangial dysplasia foci and
cholangiocarcinoma, there was telomerase activity in the nuclei of cancer cells and stroma fibroblasts (Figure 8-9). (Figure 1, 4, 7,
8×100; Figure 2, 3, 5, 9×200; Figure 6×400).

Later, the cholangiocytes in some areas disappeared with
the maturation of fibroblasts to fibrocytes and increased
deposition of collagen forming a “burnt-out” picture.
In other areas, the cholangiocytes kept growing with atypical
cell morphology, forming irregular cellular clusters, and
abortive tubular or glandular structures, indicating
cholangiocyte dysplasia. Some of them may accompany with
CC. The dysplasia was first found in the liver tissues after 12
weeks of 3’Me-DAB treatment. Small foci of CC appeared in
the liver lesion at the 16th to 20th week of experiment.
There was mucin in the cytoplasm of the dysplastic
cholangiocytes, CC cells or in the lumen formed in the cell
clusters. The expressions of TGFβ1 and TβRII mRNA in the
dysplastic cholangiocytes and CC cells differed greatly from
negative to strong positive among different cells and different
cell clusters (Figure 2, 5, 6). TGFβ2 mRNA expression was

also uneven in the dysplastic lesions (Figure 3). TGFβ3
expression was undetectable. Most of the dysplastic
cholangiocytes and cancer cells showed telomerase activity
(Figure 8-9). Strong PCNA positive reaction was observed in
the hyperplastic, dysplastic cholangiocytes and CC. The
stroma was abundant with proliferative fibroblasts (PCNA
and vimentin positive) and collagen deposition. The
fibroblasts had positive TGFβ1, TbRII mRNA expression and
telomerase activity.

DISCUSSION
The liver tissues from our carcinogenesis model had lesions
from cholangiocyte hyperplasia, dysplasia to CC with positive
mucin staining with neither albumin mRNA, nor glucagon in
the cytoplasm.

Lu JP et al. TGFβ RII mRNA in Cholangiocarcinogenesis

TGFβ is well known for its effects on fibroblasts which
can induce formation of stroma[1, 2, 21]. But there is no report on the
expression of TβR during experimental cholangiocarcinogenesis.
We observed the expression of TGFβ1 and TβR II expression
in the fibroblasts of regenerative, dysplastic cholangiocyte
lesions and in CC. There was increased fibrous stroma
formation around the fibroblasts and fibrocytes. These results
supported the function of TGFβ-TβR II system in the excessive
stroma formation in these lesions.
Present experiment showed that there was no TGFβ1, 2, 3
and TβRII expression in normal bile duct cells. TGFβ1, 2, 3
and TβRII mRNA expression was detected in the repairing and
proliferative cholangiocytes. In the dysplastic cholangiocytes
and CC cells, their expression varied from negative to strong
positive. TGFβ1 protein was also detected in experimental rat
and human CC cells[21-23]. TGFβ1 can suppress the proliferation
of epithelium, prevent epithelial carcinogenesis[1, 2]. On the other
hand, there are reports that TGFβ can not inhibit the cancer
growth or even accelerate the cancer invasion[2, 6]. TGFβ can
suppress the growth of the normal bile duct cell but not the CC
cells[12]. Transgenic mouse with TGFβ1 over expression
accelerates hepatocarcinogenesis[24]. Dominant-negative TβR
II mice had accelerated carcinogenesis[25]. Our results showed
that TGFβ and TβRII expression accompanied with the
cholangiocarcinogenesis procedure.
Cancer progress is related to the reaction between cancer
cells and its stroma[26]. Treatment of Ras-transformed mammary
epithelial cells with TGF-beta results in resistant to growth
inhibition by TGF-beta. These cells start to secrete TGF-beta,
leading to maintenance of the invasive phenotype. The action
is dependent on epithelial-stromal interaction[27]. Our results
showed that there was TGFβ1 and TβRII expression in the
dysplastic cholangiocytes, CC cells and stroma fibroblasts.
Thus, the paracrine and autocrine functions of TGFβ1 are
important in supporting the process of cholangiocarcinogenesis.
The expression of TGFβ2 mRNA was only detected in part
of hyperplastic, dysplastic cholangiocytes. TGFβ3 mRNA was
only weakly positive in some hyperplastic cholangiocytes.
There is few reports on the expression of TGFβ2, 3 mRNA in
the process of cholangiocarcinogenesis. Their role may be
transient.
Phase of telomerase activation during cholangiocarcinogenesis
is not specified. Present experiment showed that normal bile
duct cells were telomerase negative. There was telomerase
activity in the regenerative, hyperplastic, and dysplastic
cholangiocytes as well as CC cells. The activation of telomerase
occurred in the early stage of cholangio-carcinogenesis. There
were also reports on the positive hTR and TP1 mRNA
expression in intrahepatic biliary dysplasia [28]. Increased
telomerase activity was reported in dysplastic hepatocytes
during hepatocellular carcinogenesis[29].
The expression of TERT can induce resistance to TGFβ
growth inhibition [30]. This may be another reason for the
hyperplastic, dysplastic cholangiocytes and CC cells escaping
from TGFβ-Tβ R growth suppression in our
cholangiocarcinogensis model.
The telomerase activity is a marker of immortalized or
malignant cells[13,14, 31]. In present experiment, telomerase was
positive in the proliferating cells no matter they were
parenchyma or stroma cells. The phenomenon was observed
in other liver proliferative lesions[14, 32]. So that telomerase
activation was also a good marker of cell in proliferation.
In summary, this is the first report on the in situ detection
of TGFβ1, 2, 3, TβRII mRNA and telomerase activity during
rat cholangiocarcinogenesis. There is TGFβ1, 2, 3, TβRII
mRNA and telomerase activity in the hyperplastic, dysplastic
cholangiocytes, CC cells as well as stroma fibroblasts. There
is gradual increase of the fibrous stroma (fibrosis) during the
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development of CC. It is considered that the expression of
TGFβ1, 2, 3, TβRII and telomerase activation has important
implication in cholangiocarcino-genesis and cancer stroma
formation.
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Abstract
AIM: To determine the significance of endoscopic
surveillance in the diagnosis of acute rejection after human
living-donor small bowel transplantations.
METHODS: Endoscopic surveillance was performed through
the ileostomy after human living-donor small bowel
transplantations. The intestinal mucosa was observed and
biopsies were performed for pathological observations.
RESULTS: Acute rejection was diagnosed in time by
endoscopic surveillance. The endoscopic and pathological
manifestations of acute rejection were described.
CONCLUSION: Endoscopic surveillance and biopsy are
reliable methods to diagnose the acute rejection after human
living-donor small bowel transplantations.
Ding J, Guo CC, Li CN, Sun AH, Guo XG, Miao JY. Postoperative
endoscopic surveillance of human living-donor small bowel
transplantations. World J Gastroenterol 2003; 9(3): 595-598
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INTRODUCTION
Prompt and accurate diagnosis of acute rejection is a key
element to ensure the success of human small intestinal
transplantation. However due to the limited cases of successful
human small intestinal transplantations, little is available for
the prompt and accurate diagnosis of acute rejection after the
operations. Here we reported the postoperative endoscopic
surveillance of acute rejection in 2 cases of human living-donor
small bowel transplantations performed in our hospital. We
also discussed the significance of endoscopic surveillance and
pathological examination of the mucosal biopsy specimen in
the diagnosis of acute rejections in this paper.
MATERIALS AND METHODS
Case material
Patient1, Male, 18 years old, underwent enterectomy because
of small bowel necrosis after volvulus with the residual jejunum
being only 49 cm in length, had more than 10 defecations in a
day with the content being undigested foods, suffered from

severe malnutrition, and was diagnosed as short bowel
syndrome. Living-donor small bowel transplantation was
performed on the patient on May 20 1999. The donor was his
father. The donor and the recipient were ABO compatible (both
O type) and their HLA and HLA-DR antigen were semicompatible. The lymphocytotoxic cross matching test showed
reaction <10 %. A 150 cm segment of terminal ileum 20 cm
away from the ileocecal valve was removed from the donor.
The distal end of graft ileum was anastomosed to the distal
end of the recipient ileum. Ileostomy was performed at the
terminal end of the graft ileum.
Patient 2, Male, 15 years old, underwent resection of the
most part of the small bowel and part of the cecum because of
necrosis due to cecum hernia trap. The residual jejunum was
only 10 cm in length. The patient defecated shortly after eating.
Content of the defecations was undigested food. After 1 year
and a half of parenteral nutrition, the patient developed mild
liver dysfunction and was diagnosed as short bowel syndrome.
Living-donor small bowel transplantation was performed on
the patient on Jan 6 2001. The donor was his mother (47 years
old). Both the donor and the recipient have a B type in ABO
blood type. Their HLA and HLA-DR were semi-compatible.
Lymphocytotoxic cross matching test showed <10 % reaction.
A 160 cm segment of terminal ileum 20 cm away from the
ileocecal valve was removed from the donor. The distal end of
graft ileum was anastomosed to the distal end of the recipient
ileum. Ileostomy was performed at the terminal end of the
graft ileum.
Both patients were given immunosupressors FK506, MMF
and MP together with antibiotics, anticoagulant and nutrition
support. Patient 1 developed acute rejection after 67 days after
operation. After implosion therapy, the rejection was taken
under control, and so far, the patient has survived healthily for
30 months. Patient 2 developed acute rejection after 20 days
of the operation, which was controlled after implosion therapy.
However acute rejection reoccurred after 80 days of the
operation together with severe infection. And the patient died
after 5 months of the operation.

Methods
Endoscopic surveillance through the ileostomy was started at
15 days after operation for the patient 1, and 2 days after operation
for the patient 2. Endoscopy was performed when discharge
from the ileostomy increased or at the case of hemorrhage or
other abnormalities. Patients took no food in 12 h before the
endoscopic examination, and 1 000 ml 5 % glucose saline was
orally taken by the patients to clear the bowels. An Olympus
GIF-XQ230 gastroscope was inserted through the ileostomy into
the graft bowels for examination. And for a control observation,
the gastroscope was extended to pass through the stoma to
observe autologous small intestine or colon. Mucosal biopsies
were performed at the graft bowels and the autologous small
intestine or colon. Then the pathological and microbiological
examinations of biopsy specimens were done.
RESULTS
During the 48 days after the operation, 8 times of endoscopic
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examinations were performed on patient 1. Biopsies were
performed at the same time for pathological examinations. No
signs of rejection or infection were seen. After 60 days of the
operation, discharge from the ileostomy was increased, and it
went up to 1 200 ml at the 66th day. At the 66th day, endoscopy
examination was performed, and it was found that the segments
of graft bowel 20-35 cm, 40-60 cm and 70-90 cm away from
the ileostomy had hyperemia and edema in the mucosa
displaying a strong reflection; light yellow mucus was seen on
the mucosal surface; patches of mucosal hemorrhage and
erosion were also observed; besides, there were several ovalshaped (0.3-0.6 cm in diameter) and linear ulcers (paralleling
with the mucosal folds) in the graft bowel; the ulcers were
covered with white coat (Figure 1-4). The intestinal wall was
quite fragile and easy to bleed. There was much hemorrhage
in the biopsy sites after the biopsy. The vermiculation of the
graft became weak. The residual autologous small bowel
showed no signs of hyperemia, edema, erosion or ulceration.
Pathological examination of the biopsy specimen revealed that
there were local erosions in the mucosa; some parts of the
epithelia showed atrophy in a shape of short column; the goblet
cells decreased in size or just disappeared; edema was found
universally in the lamina propria; there were infiltrations of
neutrophils, plasma cells and lymphocytes in the lamina propria
and the muscularis mucosa; there was an increase of the number
of neutrophils in the blood vessels. Microbiological
examination found no abnormalities. The residual autologous
bowel was normal as confirmed by pathological examination
in the biopsy specimen. The patient was diagnosed as acute
rejection and was treated accordingly. After 3 days of treatment,
endoscopic examination was performed, and it was found that
the hyperemia and edema abated a lot, the erosions healed up;
the ulcers decreased in size and depth and were partly scarred
over (Figure 5). Follow-up by endoscopic and pathological
examinations detected no lesions thereafter.
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Figure 3 Rejection in the graft segment 50 cm away from the
stoma of patient 1.

Figure 4 Rejection in the graft bowel 70 cm away from the
stoma in patient 1.

Figure 5 The mucosal edema abated and erosions healed 3
days after treatment. (patient 1).

Figure 1 Rejection in the graft bowel 40 cm away from the
ileostomy.

Figure 2 In the rejection of patient 1, we can see the linear
ulcer paralleling with the mucosal plica.

Endoscopic examinations were performed during the time
from the 2nd day to the 17th day after the transplantation. No
signs of rejection were detected. However, on day 20 the
discharge from the ileostomy increased up to 1 000 ml.
Endoscopy was performed on day 22. It was found that: there
was severe mucosal hyperemia and edema in the distal end of
the graft bowel; patches of hemorrhage and erosions could be
seen; a 0.6×1.2 cm oval-shaped longitudinal ulcer was seen
30 cm away from the ileostomy in the graft bowel. The ulcer
was shallow and had a flat base with gray coat covering it.
The autologous bowel was normal. On day 26, endoscopy was
performed again and found that the ulcer was enlarged and
deepened with edge raised. Circular broken plica was seen
(Figure 6). Pathological exmination of the specimen from the
lesions suggested that there was acute rejection. No significant
changes were seen in the microbiological examination. The
autologous bowel showed normal pathological features. After
9 days of anti-rejection treatment, the ulcer became smaller
and shallower with no coat on it and showed partial healing
(Figure 8). On day 80 after transplantation, the discharge from
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the ileostomy increased again. Endoscopy was performed and
found that there were multiple lesions of hyperemia and edema
in the graft bowel (showing strong reflection under the
gastroscope); a great deal of white yellow mucus was seen on
the lesions; the bowel lumen at the lesion sites became
narrower; and the vermiculation of the graft bowel became
weak; in the graft bowel, there were spots or patches of
hemorrhage, superficial erosions, and deep round or oval ulcers
varying from 0.8-2.0 cm in diameter; the edges of the ulcers
showed severe hyperemia and edema. Pathological examination
showed that there were ulcerations in the graft bowel; obvious
edema could be seen in the lamina propria; the lamina propria
and the muscularis mucosa had severe infiltration of neutriphils
and lymphocytes. The patient was therefore diagnosed as severe
acute rejection. Anti-rejection therapy had no effect on the
patient. Follow-up by endoscopies witnessed the enlargement
and deepening of the previous ulcers and the formation of new
ulcers on the premise of mucosal edema and erosion (Figure 9).
Ulcerative hemorrhage was also found.

Figure 6 Longitudinal oval- shaped shallow ulcers could be
seen in the rejection 30 cm away from the stoma in patient 2.

Figure 7 Part of the shallow ulcers 30 cm away from the stoma
was healed after patient 2 was treated for 9 days.

Figure 8 80 d after operation, severe rejection was seen 10 cm
away from the ileostomy of the patient 2.
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Figure 9 In patient 2, new ulcers formed 109 days after
operation, and severe edema could be seen in the mucosa.

DISCUSSION
The significance of endoscopic surveillance
The difficulty of small bowel transplantation lies mainly in
the high immunogenicity of the organ. The small bowel is rich
in lymphocytes and dendritic cells (DC), especially in the
Peyer’s patches, lamina propria and the mesenteric nodes. The
DC cells have been reported of great importance in the host’s
rejection to liver graft[1]. All of the mentioned features of small
bowel present a formidable challenge to small bowel
transplantation. The major impediment to success of small
bowel transplantation is the rejection, which will lead to failure
if it is severe. Even though there have been some improvements
in the technique of small bowel transplantation, both in human[2]
and animal model[3], the rejection remains the major cause of
failure in transplantation. Therefore, prompt and accurate
diagnosis and treatment of rejection is the crux for successful
transplantation. Pathological examinations of the mucosal
biopsy specimen of the graft serve as the most important and
fundamental method in current clinical diagnosis of rejection,
for it can well show the characteristics of the rejection and its
degree. The biopsy specimen can be openly taken through the
stoma or under the endoscopic surveillance. However, typical
lesions can not be easily taken by open biopsy, and erosions
and ulcerations are often induced near the stoma due to repeated
biopsies. Endoscopic surveillance has a good view of the
mucosa of the graft bowel and biopsy specimen can be taken
precisely at the lesion sites. Now it has been accepted as the
most reliable conventional method for surveillance.
Living small bowel transplantation has high tissue
compatiblity and can reduce the frequency of rejection or its
severity. Novel immunosuppressor agents such as FK506 can
effectively suppress rejection after transplantation. Livingdonor small bowel transplantation was first reported by Deltz
et al[4]. Since then, there have been several reports of living
small bowel transplantations reported, and most of the
transplantations in 1990’s were successful[5]. Compared with
cadaveric bowel transplantation, living-donor small bowel
transplantation has a lower rate of rejection and infection[6].
But acute rejection is not uncommon in living small bowel
transplantation[7,8], and if the rejection is severe, it can cause
loss of the graft or death of the patients. So, the surveillance,
prevention and treatment of the rejection should be paid
attention to all the time after the small bowel transplantation.
Some indices of enteral function and biochemistry and
immunology have been used in immune surveillance after small
bowel transplantation in experimental animal, but most of them
are under investigation and show no values of clinical practice.
The recognition and diagnosis of the rejection are mainly
depended on clinical observation, endoscopy and pathological
examination. Rejection has no clinical characteristics for
diagnosis; the biopsy specimen is not always a mirror of the
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situation of rejection; and for definite diagnosis of rejection,
the specimen should cover all the layers of the intestinal wall,
but the biopsy can easily cause severe complications such as
perforation. Therefore, endoscopic examination is the most
important method for posttransplant surveillance and diagnosis
of rejection.

Method and time for Endoscopy surveillance
Most of the living-donor small bowel transplantations were
staged operations, and there was an ileostomy often left for
postoperative observation. The graft bowel and the discharge
could be observed directly through the ileostomy. And the
stoma also provided a passage for the endoscopic surveillance
and mucosal biopsy. The endoscopy plays an important role
in the assessment of the graft bowel, and in 1999, Kato et al[9]
reported the first case of using zoom videoendoscope to
evaluate graft bowel mucosa in human intestine transplantation.
This method was further proved to be effective to determine
the severity of acute cellular rejection and to be able to
minimize the times of biopsies [10]. In this report, with a
gastroscopy, we successfully performed endoscopic
examinations and mucosa biopsies for 39 times through the
stoma in these 2 patients. No complications were observed,
which suggested that endoscopy and biopsy are safe and
convenient methods for the surveillance of the graft bowel.
As for the timing of the endoscopic surveillance, the frequency
of endoscopy should be generally 1 or 2 times every week
during the first 3 months after the operation. Rejections and
other complications of small bowel transplantation such as
hemorrhage and thrombosis in mesentry occur most often
during the initially several days after the transplantation. So
we consider that it is proper to perform endoscopic examination
everyday in the first 3 days, and afterwards, the frequency of
endoscopy be reduced to once every 2 or 3 days and the
intervals between two endoscopies can be prolonged gradually
in the following 2 or 3 weeks. Emergency endoscopic
examinations should be taken in case of intestinal bleeding
and increased discharge from the stoma, etc. As results shown
by the study of Sigurdsson and his colleagues, the endoscopy
was sensitive enough to diagnose only 63 % of the rejections[8].
We think it necessary to perform biopsies at the same time. As
the rejections have a high anatomic variability in the graft
bowel[11], we recommend that the specimen should be taken at
multiple sites in the graft bowel, and residual autologous small
should bowel be sampled for the control. If necessary, the
specimen should undergo microbiological examination to
exclude lesions caused by infection.
Clinical features of acute rejection and its endoscopic
manifestations
Acute rejections in human small bowel transplantation often
occur early after operation, especially during the first 30 days [12],
but also may happen late beyond the first year after
transplantation. Generally, clinical features of rejection show
as fever, nausea, vomiting, abdominal pain, diarrhea and
increased discharge from the stoma. Under endoscopic
observation, mucosal hyperemia and edema, fragile intestine
wall, erosion, ulceration and hypoperistalsis can be found.
Uleration always suggests the onset of acute rejection.
Pathological changes vary with the severity of the rejection.
At the early stage, microvillus may become blunt, the goblet
cell may disappear, and there may be infiltration of
inflammatory cells. And then, there may be crypt inflammation,
increased apoptotic cells, and in cases of severe rejection, they
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can be mucosa hemorrhage, patchy mucosal exfoliation and
formation of small abscesses.
When the discharge from the stoma increased in the 2
patients taking small bowel transplantation in our hospital, the
manifestations mentioned above were observed by endocopic
surveillance. Combining the endocopic and pathological
findings together, the acute rejection was diagnosed. After the
pulse therapy, the lesions of acute rejection abated or
disappeared, which confirmed the diagnosis of acute rejection.
Endoscopic surveillance is significant for diagnosing rejection
and determining the outcomes of corresponding treatment.
According to our experience, when there are mucosal
hyperemia, edema, hemorrhage and erosions, they should be
regarded them as precautions for rejection; if there are ulcers,
it often means the onsets of rejections, in addition to the
pathological findings, a prompt diagnosis is warranted;
improved situations of the patients and healing ulcers suggests
the validity of anti-rejection therapy, while no amelioration,
enlargement and deepening of ulcers, hemorrhage or formation
of new ulcers are indicators of invalidity of anti-rejection
treatment and progress of rejection.
So far, there are no standard criteria for the diagnosis of
rejection after human small transplantation, and little is known
about the endoscopic characteristics of rejection and
pathological changes. But more detailed standard of endosopic
surveillance and pathological examinations will be set with
more cases of human small bowel transplantation performed.
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Abstract
AIM: To investigate the formula of amino acid enriched BCAA
on nutritional support in traumatic patients after operation.
METHODS: 40 adult patients after moderate or large
abdominal operations were enrolled in a prospective,
randomly and single-blind-controlled study, and received
total parenteral nutrition (TPN) with either formula of amino
acid (AA group, 20 cases) or formula of amino acid enriched
BCAA (BCAA group, 20 cases). From the second day after
operation, total parenteral nutrition was infused to the
patients in both groups with equal calorie and equal nitrogen
by central or peripheral vein during more than 12 hours per
day for 6 days. Meanwhile, nitrogen balance was assayed
by collecting 24 hours urine for 6 days. The markers of
protein metabolism were investigated such as amino acid
patterns, levels of total protein, albumin, prealbumin,
transferrin and fibronectin in serum.
RESULTS: The positive nitrogen balance in BCAA group
occurred two days earlier than that in AA group. The serum
levels of total protein and albumin in BCAA group were increased
more obviously than that in AA group. The concentration of
valine was notably increased and the concentration of arginine
was markedly decreased in BCAA group after the formula of
amino acids enriched BCAA transfusion.
CONCLUSION: The formula of amino acid enriched BCAA
may normalize the levels of serum amino acids, reduce the
proteolysis, increase the synthesis of protein, improve the
nutritional status of traumatic patients after operation.
Wang XY, Li N, Gu J, Li WQ, Li JS. The effects of the formula of
amino acids enriched BCAA on nutritional support in traumatic
patients. World J Gastroenterol 2003; 9(3): 599-602
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INTRODUCTION
Hypermetabolism and increased catabolism can be observed
in traumatic patients after operation, which may result in severe
disturbance of sugar, lipid and protein metabolism [1-4],
companied with the changes on the levels of amino acids in
serum[5,6]. How to adjust the formula of amino acids to improve

the metabolism is an interesting project. There has been no
data about formula of amino acid which is fit for nutritional
support of patients after trauma yet[7-11]. The purpose of our
study was to investigate the effects of the formula of amino
acids enriched BCAA on nutritional support in traumatic
patients after operation.

MATERIALS AND METHODS
Subjects
40 adult patients after moderate or large abdominal operations
who needed total parenteral nutrition (TPN) for more than 6
days were enrolled in a prospective, randomly and single-blindcontrolled study from multiple centers during the period from
March 2000 to November 2000. The patients (21 males and
19 females) weighed 45-71 kg and were 20-70 years old
without metabolic diseases, malnutrition and dysfunction of
liver and kidney. The change of weight in each patient was
less than 10 % of that before disease. The patients were divided
into two groups in random order, the control group (AA group)
supplemented with the formula of amino acid (BCAA 22.8 %)
and the study group (BCAA group) with the formula of amino
acid enriched BCAA (BCAA 35.9 %).
Experiment protocols
TPN was infused with equal nitrogen and calorie through
peripheral or central vein during more than 12 hours per day
for 6 days, and began on the 2nd day after operation. The
formula included nitrogen (0.2 g·kg-1d-1), non-protein calorie
(NPC, 25 kcal·kg-1d-1), the ratio of NPC to N (125/1), the ratio
of lipid to sugar (1/1-3/2).
Collection of samples
Serum samples from all patients were collected on the day
before operation and on the 7th day after operation. The amino
acid pattern, total protein, albumin, prealbumin, transferring
and fibronectin in serum were detected.
Urine samples: 24-hour urine samples (total volume of urine
from 6 am on the first day to 6 am on the second day) of 40
patients were collected from the day before operation to the
7th day after operation to analyze nitrogen balance.
Assays of amino acids, proteins and nitrogen balance
The amino acid pattern in serum was analyzed by the system of
high liquid phase amino acid analysis (BECKMAN, USA):
126AA, 166 monitor, 232 reactor, 507 autoloador, golden data
station. The total protein (TP) and albumin in serum were
respectively detected by the automatic biochemistry analyzer.
The serum prealbumin, transferrin, fibronectin were monitored
with anti-Pa, anti-Tf, anti-Fn immuno-diffusion board. (Yuhuan
reagent Co.) The nitrogen balance was analyzed with the method
of Kjeldah1 to get the data of nitrogen content in urine.
Statistical analysis
All data were expressed as mean±SD. Comparisons between
two groups were performed using an unpaired Student’s t test.
Differences were considered statistically significant when P<0.05.
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Table 1 The comparability of patients’ age, sex and operation
Group Case

Age(y)

Sex
Weigh before Colectomy
(M/F) operation(kg)

AA
BCAA

20-75
20-75

9/11
12/8

20
20

59.58±12.28
60.38±9.83

Enterectomy Miles

9
7

4
5

Rectal cancer
anterior-rectal resection

2
0

Aborminal
trauma

1
2

Digestive tract
tumor resection

1
5

3
1

Table 2 The changes of prealbumin, fibronectin and transferrin in two groups
Group
Prealbumin
(g/L)
Fibronectin
(g/L)
Transferrin (g/L)

Case

Before transfusion x±s

After transfusion x±s

Difference x±s

P value

I
II

20
20

0.467±0.294
0.296±0.239

0.449±0.305
0.297±0.250

-0.018±0.091
0.001±0.048

0.305

I
II
I
II

20
20
20
20

2.200±0.752
2.201±0.792
0.316±0.171
0.276±0.107

2.112±0.789
2.345±1.052
0.335±0.179
0.296±0.524

-0.085±0.344
0.144±0.735
0.019±0.211
0.018±0.116

0.128
0.970

I: AA group (the formula of amino acids); II: BCAA group (the formula of amino acids enriched BCAA).
Table 3 The changes of the amino acid pattern in serum after infusion
Group
Asparagic acid(umol/L)

Case

Before infusion x±s

After infusion x±s

P value

Difference x±s

P value
0.8728

I

20

0.0748±0.0672

0.0942±0.0789

0.2580

0.0194±0.0638

II

20

0.0633±0.0413

0.0797±0.0558

0.0999

0.0164±0.0360

Threonine (umol/L)

I

20

0.1973±0.1554

0.2829±0.2147

0.0354

0.0856±0.1424

II

20

0.1549±0.0863

0.3154±0.2331

0.0065

0.1601±0.1943

Serine (umol/L)

I

20

0.2320±0.1455

0.2600±0.1701

0.4696

0.0279±0.1456

II

20

0.1981±0.1305

0.2518±0.1576

0.0759

0.0537±0.1086

Glutacid (umol/L)

I

20

0.2619±0.2755

0.2829±0.2146

0.8237

0.0209±0.3574

II

20

0.2718±0.2409

0.4212±0.3217

0.1275

0.1493±0.3570

Glycine (umol/L)

I

20

0.3844±0.2695

0.5402±0.3608

0.0173

0.1558±0.2237

II

20

0.3722±0.2207

0.5193±0.3565

0.1028

0.1471±0.3265

Alanine (umol/L)
Valine (umol/L)
Cysteine (umol/L)
Methionine (umol/L)
Isoleucine (umol/L)

I

20

0.5067±0.3043

0.5737±0.4167

0.5325

0.0669±0.4053

II

20

0.4382±0.2862

0.7291±0.5371

0.0111

0.2908±0.3849

I

20

0.2959±0.2188

0.2722±0.2168

0.6596

-0.0237±0.2038

II

20

0.2601±0.1494

0.4599±0.3765

0.0249

0.1999±0.3082

I

20

0.0138±0.0180

0.0209±0.0182

0.1043

0.0057±0.0127

II

20

0.0300±0.0202

0.0350±0.0244

0.5238

0.0050±0.0296

I

20

0.0472±0.0361

0.0590±0.0498

0.3292

0.0118±0.0452

II

20

0.0282±0.0222

0.0516±0.0440

0.0253

0.0234±0.0362

I

20

0.1030±0.0728

0.1298±0.0874

0.1973

0.0268±0.0766

II

20

0.0825±0.0586

0.1181±0.0914

0.0730

0.0356±0.0711

Leucine (umol/L)

I

20

0.2368±0.1699

0.2496±0.1694

0.7556

0.0128±0.1557

II

20

0.1770±0.1113

0.2399±0.1674

0.0698

0.0629±0.1242

Tyrosine (umol/L)

I

20

0.0774±0.0511

0.0787±0.0631

0.9380

0.0014±0.0659

II

20

0.0584±0.0378

0.0677±0.0528

0.5343

0.0093±0.0563

Phenylalanine (umol/L)

I

20

0.0897±0.0960

0.1572±0.1323

0.0289

0.0675±0.1074

II

20

0.0736±0.0518

0.1418±0.1277

0.0138

0.0683±0.0939

Lysine (umol/L)

I

20

0.1888±0.1780

0.2311±0.1984

0.3706

0.0422±0.1767

II

20

0.1124±0.1226

0.1836±0.2403

0.2280

0.0712±0.2187

Histidine (umol/L)

I

20

0.2517±0.1691

0.2885±0.2054

0.2654

0.0368±0.1227

II

20

0.1907±0.1041

0.2756±0.1778

0.0196

0.0850±0.1249

Arginine (umol/L)

I

20

0.1214±0.2102

0.2534±0.5048

0.1584

0.1320±0.3433

II

20

0.2038±0.4115

0.0480±0.0678

0.1459

-0.1559±0.3921

BCAA (umol/L)

I

20

0.6358±0.4556

0.6516±0.4014

0.8631

0.0158±0.3494

II

20

0.5196±0.3128

0.8180±0.6279

0.0325

0.2984±0.4869

I: AA group (the formula of amino acids); II: BCAA group (the formula of amino acids enriched BCAA).

0.2415
0.5872
0.3334
0.9325
0.1322
0.0264
0.9373
0.4447
0.7457
0.3377
0.7263
0.9835
0.6928
0.2958
0.0412
0.0785
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RESULTS
General clinical data
The age, sex, weight diagnosis and operation of patients were
presented in Table 1, and showed the data comparable in
both groups.

methionine, histidine, phenylalanine and BCAA are higher
after infusion than those before transfusion (P<0.05). In the
control group, the concentrations of glycine, histine and
phenylalanine are higher after infusion than those before
infusion (P<0.05). (Table 3).

Nitrogen balance
As shown in Figure 1, the negative nitrogen balance was
observed from all patients in both groups after operation, which
was significantly improved after TPN infusion. The positive
nitrogen balance in study group occurred on the third day after
operation, which was earlier two days than that in the control
group. On the sixth day after operation, the nitrogen balance
in the study group is obviously better than that in the control
group (P<0.05).

DISCUSSION
The trauma caused by moderate or large operation may result in
disturbance of glucose, lipid and protein metabolism including
hypermetabolism and increased catabolism, which may lead to
acute protein malnutrition, decline of immunological function
and dysfunction of multiple organs[12-16]. It was reported that the
supplement of the special amino acids such as arginine, BCAA
and glutamine would improve recovery of patients[17-24]. Our
present study was to observe the effect of the formula of amino
acids enriched BCAA on patients after trauma.
In this study, we began to supplement the application of
the formula of amino acid enriched BCAA on day 2 after
operation to correct patients’ hypermetabolism, to normalize
the pattern of plasma amino acid concentrations and to improve
recovery of patients. BCAA(valine, leucine, isoleucine) can
be used as the substrate for energy and glyconeogenesis and
as the muscle protein regulator. BCAA can increase the intake
of energy by means of oxidization into energy in the tissues
without aggran dizin g the burd en of the liver. As
glyconeogenesis substrate, BCAA can also be oxidized in body
and produce much energy by the mechanism of circulation
between oxidation and alanine synthesis[25-28]. The valine,
leucine and isoleucine per gram molecular can produce 42, 43
and 32 gram molecular ATP respectively, which can supply a
lot of energy to the body. The character as the source of energy
for these 3 amino acids is that their first carbon can be oxidized
and produce phosphate of high energy without glutamic acid,
which is helpful for the decline of mechanism of producing
energy with glutamic acid during trauma and stress. Because
BCAA is mainly metabolized in muscle, the application of the
formula of amino acid enriched BCAA can decrease the
decompose of visceral protein such as muscle and liver
proteins, prevent the loss of amino acids from muscle, correct
negative balance, improve protein synthesis and regulate serum
amino acids. In addition our results demonstrated the effect
was dependent on the dose of BCAA.
Under the stress of trauma, the decompose of muscle protein
seriously increases and produces a lot of free amino acids[29-33],
and hyperphenylalaninaemia appears. The ratio of
phenylalanine to tyrosine (phe/tyr) rises and the ratio of BCAA
to aromatic amino acid (AAA) descents after trauma because
of the dysfunction of liver[34, 35]. The low dose of phenylalanine
and the high dose of BCAA in the formula of amino acid
enriched BCAA can also improve the pattern of serum amino
acids after trauma.
In summary, the nitrogen balance, the synthesis of acute
phase proteins and visceral proteins and the pattern of serum
amino acid concentrations were measured and compared with
two groups after six days of TPN after trauma. Our results
demonstrated that the formula of amino acid enriched BCAA
could normalize of serum amino acid levels, reduce proteolysis,
increase protein synthesis and improve nitrogen balance.

4

a

Nitrogen balance (g/d)

3
2
1

Control
Study

0
-1
-2
-3
-4
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Day

Figure 1 Nitrogen balance after infusion in two groups. aP<0.05
vs the control group.

Serum levels of prealbumin, fibronectin, and transferrin
The serum levels of prealbumin, fibronectin, and transferring
have no significant difference beween two groups (Table 2).

The changes after transfusion

Serum levels of albumin and total protein
There is significant difference before and after study in the
serum levels of albumin and total protein of two groups. As
shown in Figure 2, contrast to the study group, the serum levels
of total protein and albumin decreased greatly in the control
group after operation (P<0.05).
6

a

4
a

2

Control
Study

0
-2
-4
TP

Albumin

Figure 2 The changes of total protein and albumin after infusion in two groups. aP<0.05 vs the control group.

The change in the pattern of serum amino acid
The concentration of valine was notably increased (P=0.02642)
and that of arginine was markedly decreased (P=0.0412) in
the study group after the formula of amino acids enriched
BCAA infusion when compared with the control group. In the
study group, the concentrations of valine, threonine, alanine,
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They are the most common cause of small bowel obstruction
in adults[1-3]. Clinically, the obstruction may progress to lifethreatening complications or follow a more benign course.
There is debate about the optimal treatment: surgical or medical
management. Some authors have emphasized the importance
of early operation for any attack of bowel obstruction because
of the possibility of serious sequelae with delayed treatment[4-6].
However, there is no question that the problem is remissed
spontaneously in a significant number of patients, who
therefore need not require reoperation[7-9]. We undertook this
retrospective study to evaluate how long patients may safely
be treated conservatively, as well as what factors might suggest
the need for surgical intervention.

Abstract

MATERIALS AND METHODS

AIM: To evaluate how long patients with small bowel
obstruction caused by postoperative adhesions can tolerate
conservative treatment.
METHODS: The records of patients with small bowel
obstruction due to postoperative adhesions were
retrospectively reviewed. Data collected included the number
of admissions, type of management for each admission,
duration of conservative treatment, number of repeat
laparotomies, and operative findings.
RESULTS: One hundred fifty-five patients with this condition
from January 1999 to December 2001, for a total of 293
admissions were enrolled in this study. Medical treatment
alone was given in 220 admissions, and repeat laparotomy
was performed in 73 admissions. The period of observation
in patients managed medically ranged from 2 to 12 days
(average: 6.9 days), while for those who underwent surgery,
the range was 1 to 14 days (average 5.4 days). At surgery,
adhesions were the only finding in 46 cases, while there
were intestinal complications in 27, or 9.2 % of all 293
admissions. Fever and leukocytosis greater than 15 000/mm3
were prediction of intestinal complications.
CONCLUSION: With closely monitoring, most patients with
small bowel obstruction due to postoperative adhesions could
tolerate supportive treatment and recover well averagely
within 1 week, although some patients require more than
10 days of observation.
Shih SC, Jeng KS, Lin SC, Kao CR, Chou SY, Wang HY, Chang
WH, Chu CH, Wang TE. Adhesive small bowel obstruction: How
long can patients tolerate conservative treatment? World J
Gastroenterol 2003; 9(3): 603-605
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INTRODUCTION
Postoperative adhesions are a frequently encountered problem.

General data
Cases of small bowel obstruction caused by postoperative
adhesions were got from the computerized medical records
from January 1999 to December 2001 at Mackay Memorial
Hospital, Taipei, Taiwan. The diagnostic criterias for adhesive
small bowel obstruction included: (1) history of previous
laparotomy (defined as initial laparotomy); (2) clinical features
of mechanical ileus, such as vomiting, abdominal pain,
abdominal distention and obstipation; (3) obvious evidence of
small bowel obstruction on plain x-ray of the abdomen; and
(4) exclusion of other organic lesions by radiological contrast
study. In patients with a past history of cancer leading to the
initial laparotomy or recurrence was ruled out by meticulous
examinations (tumor markers, ultrasonography and radiology
including CT scan, depending on types of malignancy). Other
clinical findings recorded included the presence or absence of
fever, tachycardia, rebound tenderness (peritoneal signs),
leukocytosis, and elevation of serum amylase and alkaline
phosphatase, as well as assessment of the progress and severity
of the small bowel obstruction. The diseases or organs
accounting for the initial laparotomy in each patient were
recorded. The entire medical record for each patient was
examined to see how many hospitalizations they had had in
the past for adhesion-related small bowel obstruction. The
interval between the initial laparotomy and any subsequent
admissions were also noted. The management given, medical
(conservative) or surgical (re-laparotomy), was recorded, as
well as length of stay for each admission and the duration of
observation before the final outcome (either resolution with
conservative treatment or surgery). Medical management might
include any or all of the following: no oral intake;
decompression by nasogastric intubation; intravenous fluids,
with electrolytes and nutrition as needed; administration of
parenteral antibiotics when leukocytosis was present; and
regular abdominal x-rays (usually daily). For patients treated
surgically, the location of adhesions and the presence or
absence of local or systemic complications were identified.
Simple obstruction was defined as the presence of adhesions
alone, while complicated obstruction included the presence of
gangrene and/or strangulation.
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RESULTS
During the study period, 155 patients were admitted with the
diagnosis of adhesion-related small bowel obstruction. The
male to female ratio was 75 to 80, and the age ranged from 18 to
80 years old. The organs involved in the initial laparotomies
were the female genital organs in 36 cases (including incidental
appendectomy in 5 cases); appendix in 27 cases; colon and
rectum in 25 cases (including appendectomy in 3); stomach and
duodenum in 19 cases; small bowel in 14 cases; gallbladder,
biliary tract and pancreas in 13 cases; and others (including soft
tissue trauma, kidney, and spleen) in 21 (Table 1).
Table 1 Initial laparotomy
Organs/types

Number of cases

OB-GYN
Appendix
Colon/Rectum
Stomach/Duodenum
Small intestine
Gallbladder/bile duct/pancreas
Others (spleen, trauma, etc)
Total
a

Table 2 Duration of observation in adhesive small bowel
obstruction
Medical treatment:
Simple
Complicated
(n=220)
obstruction (n=46) obstruction (n=27)
Admissions

cases, and there was complicated obstruction in the other 27
(9.2 % of all admissions). The average preoperative observation
period was shorter in complicated obstruction than that in
simple obstruction (4.1 vs 6.1 days). The comparison of
preoperative characteristics in simple and complicated
obstruction was shown in Table 3. The site of initial laparotomy
did not seem to influence the presence or absence of
complications (for easy comparison, the types of initial
laparotomies were simply divided into upper and lower
abdomen, Table 3). In patients with complicated obstruction,
fever was present in 18 (67 %) cases and leukocytosis (greater
than 15 000/cu mm) in 20 (74 %) cases. None of the patients
with simple obstruction had these findings. No patients in our
series died.

Simple (n=46)

The 155 patients had had a total of 293 admissions, with 1
patient being admitted 11 times. The interval between initial
laparotomy and subsequent admissions varied widely. The
shortest was 2 weeks, while the longest approached 30 years.
Of the 293 admissions, medical management alone was used
during 220 (75.1 %) admissions. The duration of observation
until resolution of bowel obstruction ranged from 2 to 12 days
(average 6.9 days, Table 2).

Admissions
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Table 3 Comparison of simple and complicated obstruction

36 (5a)
27
25 (3a)
19
14
13
21
155

with incidental appendectomy.

Duration of
observation (days)
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Admissions

1

0

2

4

2

15

3

5

3

18

5

3

4

20

6

5

5

26

4

3

6

25

8

2

7

30

6

1

8

19

2

2

9

18

3

1

10

15

2

1

11

19

1

0

12

15

2

0

13

0

1

0

14

0

1

0

Average duration: medical 6.9 days; all re-laparotomy 5.4 days,
simple 6.1 days, complicated 4.1 days.

There were 73 admissions in which repeat laparotomy were
performed to treat the obstruction (including twice in 2 patients
and 3 times in 1 patient). The duration of observation prior to
surgery ranged from several hours to 14 days (average 5.4
days, Table 2). At surgery, there was simple obstruction in 46

Initial laparotomy site
Upper abdomen
Lower abdomen
Preoperative clinical findings
Rebound tenderness
Fever >38
Tachycardia
Leukocytosis>15 000/cumm
Hematocrit/ BUN
Serum amylase
Alkaline phosphatase
Metabolic acidosis

Complicated (n= 27)

17 (37%)
29 (63%)

9 (33%)
18 (67%)

29 (63%)
0 (0%)
15 (33%)
0 (0%)
20 (43%)
2 (4.3%)
3 (6.5%)
0 (0%)

25 (93%)
18 (67%)
20 (74%)
20 (74%)
24 (89%)
10 (37%)
7(26%)
4 (15%)

DISCUSSION
Formation of adhesions after transperitoneal operation may
be both beneficial and deleterious[10-13]. On one hand, adhesions
may localize suture line leakage or isolate an inflammatory
process, thus preventing more widespread disease. On the other
hand, they may contribute to morbidity, with obstruction being
the major serious complication. Small bowel obstruction due
to postoperative adhesions develops in 6 % to 11 % of all
patients undergoing laparotomy[9]. It may occur at any time
after the initial laparotomy and result in frequent re-admissions
in subsequent years[14, 15]. In our study, adhesive small bowel
obstruction followed initial laparotomy in as few as 2 weeks
to as long as nearly 30 years. While it may follow any type of
laparotomy, it occurs most commonly after manipulation of
the lower abdomen and pelvic cavity (appendix, gynecological
organs and rectum, Table 1)[16-18].
There is continuing debating about the ideal approach to
patients with adhesive small bowel obstruction[6, 9]. The process
leading to obstruction is dynamic one with twisting and
untwisting of bowel segments trapped by adhesions[12, 13]. There
are as yet no totally reliable clinical predictors to differentiate
episodes that will resolve spontaneously from those that will
require surgery. Even with the imminent onset of bowel
strangulation, signs indicating this serious condition, such as fever,
leukocytosis and peritoneal signs, are not always present[14, 19].
This makes determining how long to try conservative management
prior to opting for repeat surgery difficult.
In the literature, the incidence of spontaneous recovery with
conservative management ranges from 20 % to 60 %[7, 8, 14].
Some authors recommend only a limited observation period
of 24 to 48 hours[4, 5], but others suggest a longer period is safe,
although the recommended upper limit is 5 days[20, 21]. However,
in our experience, an average of 6.9 days was required for
spontaneous resolution. The longest period, in 15 cases, was

Shih SC et al. Conservative treatment for adhesive small bowl obstruction

12 days (Table 2). In all these cases, the patients recovered
without any sequelae. This suggestsed that laparotomy could
safely be delayed longer than recommended in the literature.
Had we operated in all cases after 5 days, 141 of the 220 patients
who eventually had spontaneous remission would have
required surgery?
Why conservative treatment may be extended in some
patients but not in others probably depends on individual
variables. In reports recommending earlier surgical
intervention, most of the patients who finally developed bowel
complications in fact already had signs of more serious
obstruction on initial presentation [4-6]. In our series, the
surgically treated patients had a shorter observation time on
average, 5.4 days vs 6.9 days for those who resolved
spontaneously (Table 2). This suggested that these patients
had relatively early onset of signs suggestive of complications.
In reported series in which conservative treatment is
recommended, most patients who finally recovered
spontaneously had no apparent toxic signs throughout the
hospital course[14, 20, 21]. In our experience with reoperation, in
only 27 of 73 procedures were actual intestinal complications.
It’s conceivable that some among the other 46 might have
recovered spontaneously had we observed them longer. In fact,
none of these 46 episodes were characterized by fever or
leukocytosis. The patients chose to undergo surgical
intervention mainly because they became inpatient with
medical treatment.
Although episodes of small bowel obstruction can be
managed conservatively, the adhesions remain. So the
possibility of recurrence still exists [12, 15]. Unfortunately,
reoperating to excise the adhesions (adhesiolysis) is not clearly
beneficial, since the repeat surgical procedure itself may cause
more adhesions[22]. In addition, the average cost of an admission
with surgery is much higher than that of an admission with
only medical treatment[23, 24]. Surgery is thus not a panacea for
this condition, and the decision to perform it should only be
made after all factors are carefully considered. Certainly, the
presence of peritoneal signs, fever, and leukocytosis suggest
the need for early surgery. In the absence of these signs,
watchful waiting is reasonable.
In conclusion, the actual incidence of serious complications
in patients with small bowel obstruction due to postoperative
adhesions is low. Most patients can be managed medically.
With closely monitoring and in the absence of signs
suggestive of complications, an observation period even
longer than 10 days before proceeding to surgical intervention
appears to be safe.
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Abstract
AIM: To evaluate systematically our nine-year experience
in treating right-sided diverticulitis of the colon, and to
explore its clinical and radiological relationship.
METHODS: The clinical and radiological data of 40 patients
with colonic diverticulitis treated in Mackay Memorial Hospital,
Taipei, from 1993 through 2002 were reviewed retrospectively.
RESULTS: The average age of the patients with right-sided
diverticulitis was 53.1 years, which was 11.6 years younger
than that of the patients with left-sided diverticulitis. The
preoperative diagnosis of appendicitis was made in 8 of 13
right-sided diverticulitis patients. Nine (69 %) had right lower
quadrant abdominal pain for more than 48 hours, and ten
patients (77 %) presented with fever. CT findings suggesting
acute right-sided diverticulitis including thickening of the
intestinal wall and pericolonic inflammation were present in
five patients.
CONCLUSION: Right-sided diverticulitis is easily confused
with acute appendicitis because it occurs at a somewhat
younger age than that in left-sided diverticulitis. Barium
enema and CT are helpful for the early diagnosis of rightsided diverticulitis. While clearly not required in the majority
of patients with right lower quadrant abdominal pain, barium
enema and CT may be helpful in making the decision with a
clinical history or physical examinations atypical of acute
appendicitis.
Shyung LR, Lin SC, Shih SC, Kao CR, Chou SY. Decision making
in right-sided diverticulitis. World J Gastroenterol 2003; 9(3):
606-608
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INTRODUCTION
Diverticular disease was almost unknown in 1990, but has
become the commonest affliction of the colon in Western
countries[1] which was regarded as a deficient disease of
Western civilization. The right-sided diverticulitis is more
common than left-sided diverticulitis in Far-eastern countries.
In a study of 105 patients in Taiwan, China, the incidence of
right-sided diverticulosis was 60 %[2]. The distinction between
right-sided diverticulitis and acute appendicitis is often difficult
at the time of presentation [3]. The condition is frequently
misdiagnosed and has often been mistreated. During the past
nine years, we have treated 13 cases of right-sided diverticulitis

at the Mackay Memorial Medical Center, our experience in
relation to the clinical and radiological manifestations was
reviewed.

MATERIALS AND METHODS
General data
The pathological reports of medical records at the Mackay
Memorial Medical Center were reviewed from January 1993
to June 2002. During this period, there were 40 patients with
colonic diverticulitis treated at our institution, we
retrospectively reviewed their presentation, diagnostic studies,
management and pathology. Colonic diverticulitis was
stratified into two groups according to the distribution of
diverticula: (1) right-sided diverticulitis with diverticula in the
cecum, ascending colon and proximal transverse colon; (2)
left-sided diverticulitis with diverticula in the sigmoid and/or
descending colon. Clinical details of these patients were shown
in Table 1. Presenting symptoms and signs of right-sided
diverticulitis patients were shown in Table 2.
Table 1 General data of right-sided and left-sided diverticulitis
Right-sided diverticulitis
Number
Male/Female
Age (yr)
Mean±SD
Range
Median

Left-sided diverticulitis

13
10/3

27
20/7

53.15±9.86
40-70
50

64.74±11.28
44-83
68

Table 2 Presenting symptoms and signs (13 cases of total number)
Initial features
RLQ abdominal pain for >2 days
Nausea/vomiting
Diarrhea
Leukocytosis
Fever
Anorexia

Cases number (%)
9(69)
2(15)
2(15)
9(69)
10(77)
1(8)

Statistical analysis
Statistical comparison was performed using Student’s t test.
All analyses were performed with the Stastical Package for
the Social Science (SPSS) for windows (Version 10.0)
software. The results were considered to be statistically
significant at a value of P<0.05.
RESULTS
The incidence of right-sided diverticulitis was 33 % in our
treated patients. There was no difference between right-sided
diverticulitis patients and left-sided diverticulitis patients as
regarding to male: female ratio. The age of patients with rightsided diverticulitis was younger than those with left-sided
diverticulitis (P=0.003, Table1).
Details of their presenting symptoms and signs were shown
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in Table 2. The primary complaints among all patients were
right lower quadrant abdominal pain for more than two days
prior to admission. Nausea and/or vomiting were reported in
two patients (15 %) and diarrhea was present in two patients
(15 %), but only one of the 13 exhibited anorexia. Ten patients
had a fever of more than 37
and all of these also had a
leukocytosis. The preoperative diagnosis was appendicitis in
8 of the 13 patients in our series. Four patients had performed
preoperative barium enemas. In one patient a 4 cm×4.5 cm
diverticulum of the proximal transverse colon was identified.
In the other three, the barium enema was interpreted as showing
a right-sided colonic mass (Figure 1). Six patients had CT scans,
of which five correctly diagnosed diverticulitis of the cecum.
Diverticulitis of the right colon was correctly diagnosed
preoperatively in one patient in whom marked wall thickening
of the cecum with classic target appearance was demonstrated
(Figure 2). Diverticula was found in one patient. There was no
evidence of contrast extravasation in any of the six patients.

Figure 1 Barium contrast roentgenogram demonstrateed a
right-sided colonic mass. (black arrow head).

Figure 2 Acute diverticulitis of cecum in 50-year-old man. CT
scan clearly showed enhancement of thickened diverticular wall
and preservation of wall enhancement pattern of cecum as
hyperattenuating inner layer, thickened middle layer of low
attenuation, and outer high-attenuation layer (black arrow head).

DISCUSSION
The preoperative distinction between right-sided diverticulitis
and appendicitis is extremely difficult to discern based on
clinical presentation alone[4]. In our study, a misdiagnosis of
appendicitis was made in 8 of the 13 patients preoperatively
which is common in all other reported series[3-5]. The majority
of patients will still undergo laparotomy. The surgeon must
make a diagnosis based on operative findings. Hidden
diverticula pose a diagnostic dilemma since at laparotomy it
may be difficult to distinguish the inflamed mass from Crohn’s
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disease, malignant lesions of the right colon, a perforated
foreign body or even tuberculosis[3].
Patients with right-sided diverticulitis tend to be younger
than those with left-sided diverticulitis[5]. We compared the
age distribution of right-sided diverticulitis and left-sided
diverticulitis patients in this study (Table 1).
Clinically, in contrast to appendicitis, relative long history
of right lower quadrant abdominal pain, relative lack of
systemic toxic signs and low frequency of nausea/vomiting may
be helpful in correctly diagnosing right-sided diverticulitis[2].
The symptoms of right-sided diverticulitis usually begin and
remain localized in the right lower quadrant, rather than
originating in the epigastrium[6]. Appendicitis patients typically
experience the classic migration of pain to the right lower
quadrant at later stage which caused by the stimulation of the
visceral afferent nerve fibers that enter the spinal cord at
thoracic levels T8 through T10. Nine of our patients presented
more than 48 hours after the onset of symptoms (69 %). Eleven
of our patients (85 %) had neither nausea, vomiting, nor diarrhea.
This absence of vomiting has been noted by others[7-9].
About one third of patients in this series were right-sided
diverticulitis, which differed from other reports in Far-eastern
countries[10-12]. This bia was due to our review was obtained
from pathological database of medical records from our
hospital, in which some uncomplicated right-sided diverticulitis
cases were excluded. Right-sided diverticulitis tends to have a
more benign course than that which occurs on the left[13]. So
this differential probably carries little significance, despite our
own findings. Diverticular disease is considered as a fiber
deficient disease in Western Countries [1], so duty of the
profession is to point the way of prevention of white flour,
both brown and white sugar, confectionery, and foods or drinks
which contain unnaturally concentrated carbohydrates. But
some Eastern racial groups have a higher incidence of rightsided diverticulitis despite a high fiber intake. These findings
were coincident to a study from China where about 62 % of
right-sided diverticular disease despite a good fiber intake[14].
Contrast enema studies are the most accurate way to find
out the colonic diverticula[15]. However, because of the risks
of extravasation of barium from the perforation in the patients
with acute right-sided diverticulitis, barium enema examination
should be generally be avoided in patients with suspected acute
right-sided diverticulitis and localized peritoneal signs.
Criterias for the diagnosis of right-sided diverticulitis include
extravasation of barium, narrowed lumen or thickened mucosa,
and mass effect[15]. In our series, barium enema studies were
done in four patients who presented a cecal mass in three patients.
In contrast to the barium enema, CT scan demonstrates both
the intraluminal and extracolonic manifestations of acute rightsided diverticulitis[16]. Criterias of CT scan for the diagnosis of
right-sided diverticulitis include colonic wall thickening,
pericolonic fat infiltration (streaky fat), pericolonic or distant
abscesses, and extraluminal air. In this series, CT scans were
obtained preoperatively in six patients with right-sided
diverticulitis. CT findings suggesting right-sided diverticulitis
were present in five patients. A recent study found that
pericolonic lymph nodes adjacent to the focal area of colonic
thickening are more commonly seen in patients with colonic
cancer. Pericolonic inflammatory changes are more commonly
seen in right-sided diverticulitis[17]. CT may be helpful for the
evaluation of patients with atypical symptoms of acute
appendicitis or those who have undergone an appendectomy.
Right-sided diverticulitis occurs with greater frequency in
Asians. This condition is easily confused with acute
appendicitis, since it occurs at a somewhat younger age than
those with left-sided diverticulitis. If dignosed preoperatively,
uncomplicated right-sided diverticulitis can be managed
conservatively with antibiotic therapy.

608

ISSN 1007-9327

CN 14-1219/ R

REFERENCES
1
2
3
4
5
6
7
8
9

Painter NS, Burkitt DP. Diverticular disease of the colon: a deficient disease of Western civilization. BMJ 1971; 2: 450-454
Chiu JH, Lin JT, Lin JK, Leu SY, Liang CL, Wang FM. Diverticular disease of the colon. J Surg Asso 1987; 20: 102-108
Gouge TH, Coppa GF, Eng K, Ranson JHC, Localio SA. Management of diverticulitis of ascending colon. 10 years’ experience.
Am J Surg 1983; 145: 387-391
Markham NI, Li AKC. Diverticulitis of the right colon- experience from Hong Kong. Gut 1992; 33: 547-549
Fischer MG, Farkas AM. Diverticulitis of the cecum and ascending colon. Dis Colon Rectum 1984; 27: 454-458
Birnbaum BA, Wilson SR. Appendicitis at the millennium. Radiology 2000; 215: 337-348
Arrington P, Judd C. Cecal diverticulitis. Am J Surg 1981; 142:
56-60
Asch M, Markowitz A. Cecal diverticulitis; report of 16 cases
and a review of the literature. Surgery 1969; 65: 906-910
Schuler JG, Bayley J. Diverticulitis of the cecum. Surg Gynecol

World J Gastroenterol

10
11
12
13
14
15
16
17

March 15, 2003 Volume 9 Number 3

Obstet 1983; 156: 743-748
Wang CH, Chou LC. The incidence of the diverticular diseases of
the colon in T.S.G.H., Taiwan, China. J Surg Asso 1979; 12: 260-266
Sugihara K, Muto T, Morioka Y, Asano A, Yamamota T. Diverticular disease of the colon in Japan. A review of 615 cases. Dis
Colon Rectum 1984; 27: 531-537
Vajrabukka T, Saksornchai K, Jimakorn P. Diverticular disease
of the colon in a Far-eastern community. Dis Colon Rectum 1980;
23: 151-154
Ferzoco LB, Raptopoulos V, Silen W. Current concepts: acute
Diverticulitis. N Engl J Med 1998; 338: 1521-1526
Pan G, Liu T, Chen M, Chang H. Diverticular disease of the colon in China. Chin Med J 1984; 97: 391-394
Beranbaum SL, Zausner J, Lane B. Diverticular diease of the right
colon. AJR 1972; 115: 334-348
Crist DW, Fishman EK, Scatariage JC, Cameron JL. Acute diverticulitis of the cecum and ascending colon diagnosed by computed tomography. Surg Gynecol Obstet 1988; 166: 99-102
Macari M, Balthazar EJ. CT of bowel wall thickening: significance and pitfalls of interpretation. AJR 2001; 176: 1105-1116
Edited by Xu XQ

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

World J Gastroenterol 2003;9(3):609-611
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• CLINICAL RESEARCH •

Esophageal ulceration complicating doxycycline therapy
Mohammad A. Al-Mofarreh, Ibrahim A. Al Mofleh
Mohammad A. Al-Mo farreh, Con sultan t Ph ysician &
Gastroenterologist, Poly Clinic, College of Medicine, King Saud
University, Riyadh, Saudi Arabia
Ibrahim A. Al Mofleh, Professor of Medicine, College of Medicine,
King Saud University, Riyadh
Correspondence to: Prof. Ibrahim A. Al Mofleh, Gastroenterology Div.
& Endoscopy Unit, College of Medicine, King Saud University, P.O.
Box 2925 (59), Riyadh 11461, Saudi Arabia. iamofleh@yahoo.com
Telephone: +966-1-4671215 Fax: +966-1-4671217
Received: 2002-06-27 Accepted: 2002-07-27

Abstract
AIM: To report present state of iatrogenic drug-induced
esophageal injury (DIEI) induced by medications in a private
clinic.
METHODS: Iatrogenic drug-induced esophageal injury
(DIEI) induced by medications has been more frequently
reported. In a private clinic we encountered 36 cases of
esophageal ulcerations complicating doxycycline therapy in
a mainly younger Saudi population (median age 29 years).
RESULTS: The most frequent presenting symptoms were
odynophagia, retrosternal burning pain and dysphagia (94 %,
75 % and 56 %, respectively). The diagnosis was according
to medical history and confirmed by endoscopy in all patients.
Beside withdrawal of doxycycline, when feasible, all patients
were treated with a proton-pump inhibitor (PPI) and a
prokinetic. Thirty patients who reported to the clinic after
treatment were improved within 1-7 (median 1.7) days.
CONCLUSION: Esophageal ulceration has to be suspected
in younger patients with odynophagia, retrosternal burning
pain and/or dysphagia during the treatment with doxycycline.
Al-Mofarreh MA, Al Mofleh IA. Esophageal ulceration
complicating doxycycline therapy. World J Gastroenterol 2003;
9(3): 609-611
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INTRODUCTION
Three decades after the first report of drug-induced esophageal
injury (DIEI) induced by potassium therapy[1], approximately
1 000 cases of DIEI caused by almost 100 different drugs,
have been reported in the world literature. Antibiotics have
contributed to almost 50 % and doxycycline alone to 27 % of
all cases[2].
The reported DIEI approximate incidence of 4/100 000 is
probably underestimated. The actual incidence is apparently
much higher for increase of drugs prescription, and they are
not all reported[2,3]. History has been considered sufficient for
assuming a clinical diagnosis[4,5]. Retrosternal pain, sudden
odynophagia with or without dysphagia is suspicious of the
diagnosis[2]. History of medication, time of drug intake and
amount of concurrent fluid ingested are important[6,7]. Upper
gastrointestinal endoscopy is almost always abnormal and it
has been considered as the method of choice to confirm DIEI[2].

The clinical course is usually uneventful and DIEI may heal
after withdrawal of the offending drugs[5-8].

MATERIALS AND METHODS
General data of patients
In a retrospective analysis of upper gastrointestinal (UGI)endoscopies performed at Dr. Al Mofarreh’s Polyclinic over a
period of 9 years, 36 patients who had doxycycline-induced
esophageal ulcerations were included in this study. Another
seven patients, who had typical symptoms, but had no
endoscopy, no ulcer on endoscopy or the offending medication
was unknown, were not included.
Methods
The patients were asked history of recent drug intake, the mode,
timing of medication and the concurrent amount of fluid
ingested.
Endoscopy was performed after a 12 hours fasting using
Pentax EPM 3000, EG 2901 videoscope after a local anesthesia
with 10 % xylocain spray or 2 % xylocain viscous (Astra,
Sweden). Hard print photo documentation was performed in
all patients with a color video printer (UP-5000 P, Sony). The
number of ulcers, their size, depth and localization at the
esophagus were documented.
Patients were treated with withdrawal of doxycycline, when
feasible, along with proton-pump inhibitors (PPI) and
prokinetics and were requested to report within seven days of
management initiation to give feedback on their response of
treatment.
RESULTS
Over a period of nine years (from July 1992 to June 2001), 36
patients who complainted with sudden odynophagia (34 cases,
94 %), retrosternal burning pain (27 cases, 75 %) and/or
dysphagia (20 cases, 56 %) after ingestion of doxycycline
capsules, underwent UGI-endoscopy and were found to have
esophageal ulcerations. Their age ranged from 12 to 72
(Median: 29) years old and 22 were males. Endoscopy was
performed within an average of six days after the onset of
symptoms. The median number of ulcers was two (range: 1-9)
and one patient had multiple ulcers spread all over the
esophagus. The ulcers were localized at the mid, upper and
lower esophagus in 24, 6 and 5 patients, respectively. In one
patient, the ulcers were scattered all over the esophagus. The
ulcers were variable in size, shape and depth (Figure 1-4). No
bleeding or significant strictures were encountered in these
patients and none of the patients had a pre-existing esophageal
disorder. Along with withdrawal of doxycycline when feasible,
all patients were treated with PPI and prokinetics. All thirty
patients, who reported for follow up,were improved within 17 (Median 1.7) days including three patients continued on
doxycycline to treat brucellosis.
DISCUSSION
Approximately 100 types of drugs have been incriminated in
the etiology of around 1 000 cases of DIEI. The precise
mechanism is not well explained. However multiple factors,
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Figure 1 Superficial linear, semicircular esophageal ulcer with
partially uncovered eroded mucosa.

Figure 2 Multiple, variable sized crater-like mid-esophageal
ulcer positioned in almost a circular pattern.

Figure 3 Anterior and posterior superficial mucosal ulcerations.

Figure 4 Deep, butter fly-like mid-esophageal ulceration partially extending in a semi-circular fashion and inducing mild
narrowing of the lumen.

including the increasing age, decreased esophageal peristalsis
and external compression are predisposing to DIEI [2] .
Furthermore, drugs that have a large size and sticky surface
are retained longer in the esophagus [2,7,9]. A clinical and
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experimental study has shown that doxycycline capsules
remain three times longer in the esophagus than doxycycline
tablets[10].
Elderly patients are more prone to develop DIEI due to
their altered esophageal motility and decreased saliva
production. In addition, they more frequently suffer of cardiac
disease, require more cardiovascular medication and remain
longer in a recumbent position[7,11,12]. In younger patients, DIEI
is mainly caused by antibiotics[2,5,6]. In our study, majority of
patients were young and the only incriminated drug was
doxycycline. All patients took doxycycline capsules and shared
the same risk factor of taking the medication at bed time with
a little amount of fluid. None of these patients suffered from a
cardiac or a pre-existing esophageal disease.
The mechanism of esophageal mucosal injury induced by
doxycycline capsules may be explained by their acidic effect,
gelatinous sticky capsules, increased mucosal concentration
and intracellular toxicity[2,13,14]. The presence of hiatus hernia
in patients receiving indomethacin or doxycycline is associated
with an increased risk of developing DIEI. The relative risk is
3.96[15]. The symptoms of DIEI, usually, manifest few hours
up to ten days after exposure in form of chest pain, odynophagia
and dysphagia, ranked according to their frequency[7]. In our
series, odynophagia, retrostemal burning pain and dysphagia
were the commonest symptoms and occurred in 94 %, 80 %
and 54 % of patients, respectively.
Although the typical history is sufficient to establish the
diagnosis, endoscopy remains the method of choice for
detecting DIEI[3]. Findings on endoscopic biopsies material are
non specific[6,16].
Despite the absence of a significant stricture, dysphagia
occurred more frequently in our population compared to other
series[7].
The ulcer varied in size, depth and number. We have
previously reported discrete, confluent, linear broad bandformed and butterfly-shaped ulcers partially covered with
pseudomembranes. Ulcers were also noted on the opposite site
with normal surrounding mucosa[6]. The majority (66 %) of
ulcers were at the mid-esophagus. The presence of midesophageal ulceration may raise the possibility of DIEI[5,6,17,18].
The presence of intact pills or their residues are also important
clues for the diagnosis of DIEI[19].
In agreement with other authors, the main step of treatment
in our patients was the withdrawal of the offending drug,
however we feel doxycycline treatment could be continued
when required with emphasis on patients education in regarding
to timing of medication and required amount of fluid[6]. In
addition, patients received a PPIs along with a prokinetics.
The value of antacids, anti-secretory drug and PPIs remain
questionable in patients without gastroesophageal reflux[5,7,10].
Apart from sucralfate, no data from the literature have
suggested the benefit of acid suppression [2]. Patients who
develop complications in form of hemorrhage or chronic
stricture and with unsuccessful surgical intervention require
endoscopic management[3,21].
In the majority of patient, DIEI symptoms resolved within
one week (median time: 1.7 days). However, one patient went
to the clinic with symptoms persisting over one month following
a course of doxycycline and endoscopy revealed esophageal
ulcerations. His symptoms were improved soon after initiation
of treatment with a PPI and a prokinetic drug and ulcer healing
was confirmed by endoscopy. Also the three patients continued
with doxycycline to treat brucellosis improved. This observation
supported continuation of doxycycline therapy when required
and patients education was considered not only as a preventive,
but also as a therapeutic measure.
Protracted courses up to six weeks and severe symptoms
have also been reported[22]. Furthermore, severe non-typical

Al-Mofarreh MA et al. Esophageal ulceration and doxycycline

symptoms in form of intractable hiccups have been described
after the first dose of doxycycline inducing a lower esophageal
ulcer at the gastric junction. The patients’ symptoms have been
resolved with the medication of omeprazole and sucrealfate[23].
Doxycycline was the only offending drug in this study. A
sudden onset of odynophagia, retrosternal pain and/or
dysphagia in a healthy individual give a strong evidence of
drug induced esophageal injury and necessitate a careful
exploration of drug history. Endoscopy is important to
determine the type, size, site and depth of injury.
Discontinuation of the offending drug, when feasible, is the
first step of management acid supressing agents and proleinetics
may be proved helpful. In patients at risk, education and use
of alternative medication are important preventive measures.
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Abstract
AIM: To evaluate the diagnostic efficiency of endoscopic
ultrasound (EUS) as the main imaging modality in patients
with moderate suspicion of common bile duct stones (CBDS).
METHODS: 55 patients with moderate clinical suspicion of
CBDS were prospectively included to the study and evaluated
with EUS. This study was done in single blind method in the
clinical and biochemical data of patients. EUS was done with
echo-endoscope Pentax FG 32-UA (f =5-7.5 MHz) and Hitachi
EUB 405 ultrasound machine. Patients diagnosed with CBDS
by EUS were excluded from this study and treated with
ERC. All the other patients were included to the follow up
study obtained by mail every 6 months for clinical evaluation
(need of ERC or surgery).
RESULTS: CBDS was found in 4 patients by EUS. Diagnosis
was confirmed in all cases on ERC. The remaining 51 patients
without CBDS on EUS were followed up for 6-26 months
(meanly 13 months) There were: 40 women, 42
cholecystectomized patients, aged: 55 (mean). Biochemical
values (mean values) were as follows: bilirubin: 14.9 µmol·L-1,
alkaline phosphatase: 95 IU·L-1, γ-GTP: 131 IU·L-1, ALT: 50
IU·L-1, AST: 49 IU·L-1. Only 1 patient was lost for follow up.
In the remaining 50 patients with follow up, there was only
1 (2 %) patient with persistent biliary symptoms in whom
CBDS was finally diagnosed by ERC with ES. All other patients
remained symptoms free on follow up and did not require
ERC or biliary surgery.
CONCLUSION: Vast majority of patients with moderate
suspicion of CBDS and no stones on EUS with linear array
can avoid invasive evaluation of biliary tree with ERC.
Kohut M, Nowak A, Nowakowska-Dulawa E, Marek T, Kaczor R.
Endosonography with linear array instead of endoscopic
retrograde cholangiography as the diagnostic tool in patients
with moderate suspicion of common bile duct stones. World J
Gastroenterol 2003; 9(3): 612-614
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INTRODUCTION
Common bile duct stones mostly come from the gallbladder.
Spontaneous passage of bile duct stones to the duodenum is

quite often. Both facts make the presence of bile duct stones a
very dynamic state. Precise diagnosis of presence bile duct
stones with the minimal invasive method is eagerly awaited
and important for the optimal treatment. The clinical suspicion
of choledocholithiasis is often difficult to verify. The “gold
standard” for bile duct stones diagnosis is still endoscopic
retrograde cholangiography (ERC) with endoscopic
sphincterotomy (ES) and surgical choledochotomy with
choledochoscopy[1]. Surgical exploration is reserved after failed
endoscopic access to the biliary tree. Unfortunately, ERC
carries possibility of serious complications. Acute iatrogenic
pancreatitis is the most frequent. The need for pre-cut technique
during ERC in some patients with difficult access to the papilla
exposes the patient to the additional risk of bleeding from the
papilla or perforation of the intestine.
The necessity for less invasive imaging modality of biliary
tree is obvious. Several imaging modalities including magnetic
resonance (MRI), spiral computerised tomography (spiral CT)
and EUS are currently under evaluation.
According to several authors - sensitivity, specificity and
accuracy of EUS with radial scanning transducer in the
diagnosis of bile duct stones are almost the same as the ERC
and are described between 84-100 %, 76-100 % and 90-99 %,
respectively [2-11]. The results of EUS with sector scanning
transducer in this setting are similar[12-14]. The sector scanning
instruments are cheaper compared with radial scanning
instruments. Fine needle aspiration (FNA) monitored under
direct ultrasound visual control and Doppler scanning of vessels
are additional advantages of sector scanning EUS.
There is only one communication describing the use of EUS
(with radial scanning) with intention to replace diagnostic
ERC in patients with moderate suspicion of CBDS[15]. This
study of Napolean et al. was neither prospective nor controlled
study[15]. No data about the implementation of EUS with linear
array with such intention exist. Thus, a prospective evaluation
of the usefulness of EUS with linear array in the evaluation of
patients with moderate suspicion of CBDS with intention to
avoid ERC or biliary surgery was undertaken.

MATERIALS AND METHODS
Patients
The material comprised of 55 patients with moderate suspicion
of bile duct stones treated from January 1996 to March 1997
in the Department of Gastroenterology Silesian Medical
Academy. The project of the study was accepted by the Ethical
Committee of the Silesian Medical Academy. Informed consent
was obtained from every patient.
Inclusion criteria were as stated as follows: 1. clinical
suspicion of bile duct stones - biliary colics at present or during
the last 6 months prior to the admission. 2. abnormal results of
the following biochemical serum tests (at least two times) bilir ubin, tran saminases, alkaline phosphatase, γglutamylotranspeptidase - at present or in the last 6 months. 3.
enlarged bile ducts on conventional ultrasound (US) - at present
or in the last 6 months. Bile ducts were evaluated as enlarged
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when the diameter of common bile duct exceeded 7 mm in cases
with gallbladder in situ or 9 mm in post - cholecystectomy cases.
4. patient’s data available during follow up (at least 6 months).
Exclusion criterias were as follows: 1. suspicion of bile duct
stones on conventional ultrasound. 2. suspicion of biliary or
pancreatic malignancy on CT scans. 3. present acute biliary
pancreatitis - such patients were directly sent to ERC. 4. present
acute cholangitis - treated as acute biliary pancreatitis.
In patients enrolled to the study, case history and a set of
mentioned above blood biochemical indexes were collected.
In following, conventional ultrasound (US) and EUS as initial
imaging methods were performed. Examiners (US, EUS) knew
nothing of a patient except for that the patient was suspected
for bile duct stones.
In the case of CBDS on US and /or EUS, the patient was
sent to ERC and excluded from the follow up study (4 cases).
In the case of normal appearance of biliary tree on EUS, the
decision to abandon ERC was made and the patient was
enrolled to the follow up study (51 cases). The follow up
program consisted of postal inquires every three months. We
asked the following questions: 1. Did you experience any
biliary symptoms - postprandial colics in upper right quadrant
of the abdomen? 2. Did you notice any changes in the colour
of stools (whitish stools), urine (dark urine) or skin (jaundice)
during or after any colic? 3. Did you undergo any investigation
in order to evaluate biliary tree (US, ERCP, biliary surgery)?
In the case of recurrence of biliary symptoms during follow
up, the patient was admitted to our Gastroenterology Department
again. ERC was performed on the in-patient basis. Only patients
who completed at least 6 months follow up program were finally
evaluated (mean follow up time - 13 months). Demographic
and clinical data of patients were shown in Table 1-3.
Table 1 Demographics data of patients (n=51)
Age, [years]
x±s
Minimum
Maximum
Sex, [Females (%): Males (%)]
Cholecystectomized cases (%)

55 (±13)
21
85
40 (78 %):11 (22 %)
42 (82 %)
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EUS
Endoscopic ultrasonography was performed with linear array
scanning echoendoscope (Pentax FG 32 UA equipped with
HITACHI 405 EUB ultrasonography machine). All EUS
procedures were done by the same endosonographer with the
experience of 400 EUS examinations (MK). Conscious
sedation was achieved with midazolam given intravenously
(mean 3,0 mg; range 1-7 mg) in one third patients. In the other
two thirds patients midazolam was given orally (7,5 mg) 1,52 hours prior to the procedure. Patients were monitored by an
anaesthesiologist with the use of ECG monitor and
pulsoximetry. Topical pharyngeal anaesthesia with xylocain
was used in all patients. EUS was performed with water filling
balloon method, starting from the second portion of the
duodenum in retrograde direction. EUS was considered
positive for the diagnosis of choledocholithiasis if single or
multiple hyperechoic structures within biliary tree with acoustic
shadowing were found. Patients were diagnosed as stones free
in the absence of findings described above. In several cases,
antispasmodic agent (Buscopan) was used to control duodenal
motility. EUS time was recorded (mean 18 minutes; range 9-37).
RESULTS
EUS was performed successfully with no complications in all
51 cases which were enrolled to the follow up program. Results
of EUS showing no stones in the biliary tree in 51 cases could
be confirmed in 49 cases during the follow up (96 %). The
follow up lasted at least 6 months. The mean follow up time
was 13 months (range 6-26 months). Only three patients were
followed up for 6 months, the remaining cases were followed
up longer. One patient was lost for follow up (2 % of all cases).
Another one patient complained of persistent biliary colics on
follow up. He was admitted again 3 moths after his initial
evaluation, as he was found to have complaints on the first
postal inquiry. No patients with biliary symptoms were revealed
during next postal inquires. In the symptomatic patients, ERC
was carried out during the second admission and a single 7
mm stone was found in common bile duct (Figure 1). The
stone was extracted after endoscopic sphincterotomy and the
patient was discharged without complaints 2 days later.

Table 2 Previous history of patients (up to 6 months prior to
hospitalisation) (n=51)
Disease

Cases (%)

Acute biliary pancreatitis
Acute cholecystitis
Obstructive jaundice

4 (8 %)
2 (4 %)
7 (14 %)

Table 3 Biochemical values of patients before EUS (n=51)
Parameter
Alkaline phosphatase
γ-GTP
ALT
AST
Bilirubin

Cases (*)
45
43
45
32
46

Cases with abnormal results (%)
6 (13%) 95±70 IU·L-1
9 (21%) 131±175 IU·L-1
6 (13%) 48±64 IU·L-1
3 (9%) 51±84 IU·L-1
1 (2%) 149.6±100.5 µmol·L-1

(*) some biochemical results unavailable in several cases
(*) Normal levels of liver enzymes in our lab:
Alkaline phosphatase <110 IU·L-1
γ-GTP
<65 IU·L-1
ALT
<40 IU·L-1
AST
<40 IU·L-1
Bilirubin
<17 µmol·L-1

Figure 1 Common bile duct stone EUS with linear array.

DISCUSSION
According to Cotton, who classified patients before planned
cholecystectomy, one can distinguish three groups of patients
with different levels of suspicion of CBDS[16,17]. First group of
cases with high risk of CBDS (80-90 %) is characterised by
the enlargement over 10 mm of the diameter of common bile
duct on US, obstructive jaundice (bilirubin over 20 µmol·L-1
with the elevation of alkaline phosphatase (3 times above upper
limit of the normal value) and the history of acute biliary
pancreatitis or acute cholangitis in the last few days. ERC with
its possibility of therapeutic intervention should be the diagnostic
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tool of first choice in case of strong suspicion of CBDS[18].
The delay in therapeutic ERC due to the implementation of
other imaging tests such EUS, MRI or CT is even unethical in
patients with biliary obstruction (cholangitis, acute biliary
pancreatitis). However, in case of uncertain reason of
obstructive jaundice EUS, MRI or CT can be used to explain
the etiology of the jaundice[7]. Second group of patients,
classified as the low risk group (approximately 2 % of cases
have CBDS), consists of patients with no relevant case history,
normal biochemical values and no abnormalities of biliary tree
on US. Preoperative US and intraoperative cholangiography
is proposed as the proper approach to the problem of possible
CBDS[16,17]. The third group of patients with moderate risk of
CBDS is characterised by suspected (but not documented) acute
biliary pancreatitis or obstructive cholangitis in the past, some
elevation of alkaline phosphatase level and the diameter of
common bile duct between 7 and 10 mm on US.
It is still debatable in the approach to patients with low risk
for common bile duct stones. Some authors propose ERC
before, after or even during the cholecystectomy[6,16,19-25]. Spiral
CT is proposed as the reliable imaging test for biliary tree
evaluation[9]. MRI is also considered as the possible choice[26].
One can also learn from the literature that ERC is the only
proposal in previously cholecystectomised cases[16]. However
cholecystectomised patients with suspected CBDS are usually
old, and ERC can be thought to be even more aggressive
approach, that in non cholecystectomised population of patients
suspected for biliary lithiasis.
It is well known that EUS with either radial or sector
scanning transducers is a powerful tool in the evaluation of
patients suspected for biliary tree lithiasis[2-14]. EUS is as reliable
as ERC in the diagnosis of choledocholithiasis.
On the other hand, literatures showing that EUS can really
replace ERC in patients with moderate risk of CBDS are
curiously few. The only one paper dealing with that problem
was appeared in an abstract form only by Napoleon et al[15].
Napoleon at al. described the results of a follow up of 238
patients suspected for CBDS and negative EUS (with radial
scanning) results. In his group 58 cases were cholecystectomised
(24 %). Fourteen cases (6 %) were lost on follow up (median
490 days). ERC was needed due to persistent biliary symptoms
(12 %) in 28 cases. However ERC was judged as useful in only
6 cases (3 %). One patient with CBDS, three patients with
ampullary sclerosis and two cases with biliary tumors were found
on ERC[15]. The authors concluded that patients suspected for
CBDS and negative EUS had a very low risk to need ERC during
follow up. They added that EUS but not ERC was the best
imaging method in case of moderate suspicion of CBDS[15].
Our result supported these findings that EUS can be
successfully used in older, previously cholecystectomised
patients, as our group consisted predominantly of such cases.
In conclusion, that EUS with sector scanning transducer (as
shown previously for EUS with radial transducers) can be used
as the main diagnostic test in patients with moderate risk of
CBDS. A large proportion of these patients can avoid ERC or
surgical bile ducts exploration in case of negative EUS results.

4
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Abstract
AIM: To assess the role of thyroid disease as a risk for
fractures in Crohn’s patients.
METHODS: A cross-sectional study was conducted from
1998 to 2000. The study group consisted of 210 patients
with Crohn’s disease. A group of 206 patients without
inflammatory bowel disease served as controls. Primary
outcome was thyroid disorder. Secondary outcomes included
use of steroids, immunosuppressive medications, surgery
and incidence of fracture.
RESULTS: The prevalence of hyperthyroidism was similar
in both groups. However, the prevalence of hypothyroidism
was lower in Crohn’s patients (3.8 % vs 8.2 %, P=0.05).
Within the Crohn’s group, the use of immunosuppressive
agents (0 % vs 11 %), steroid usage (12.5 % vs 37 %), small
bowel surgery (12.5 % vs 28 %) and large bowel surgery
(12.5 % vs 27 %) were lower in the hypothyroid subset as
compared to the euthyroid subset. Seven (3.4 %) Crohn’s
patients suffered fracture, all of whom were euthyroid.
CONCLUSION: Thyroid disorder was not found to be
associated with Crohn’s disease and was not found to
increase the risk for fractures. Therefore, screening for
thyroid disease is not a necessary component in the
management of Crohn’s disease.
Pooran N, Singh P, Bank S. Crohn’s disease and risk of fracture:
does thyroid disease play a role? World J Gastroenterol 2003;
9(3): 615-618
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INTRODUCTION
Recent studies have shown that patients with Crohn’s disease
have decreased bone density[1,2] that predisposes to an increased
risk of fracture[3,4]. A chronic inflammatory state with the release
of inflammatory cytokines, steroid usage and malnutrition is
the proposed mechanism. The co-existence of other medical
conditions, which are independently associated with
osteoporosis, will further increase the risk of fracture in patients
with Crohn’s disease. Thyroid disorder is associated with
changes in bone metabolism and is an important cause of
osteoporosis[5-7]. Thyroid disorder has also been reported in
patients with underlying inflammatory bowel disease (IBD)[8-12].
One study showed altered thyroid physiology and anatomy in

patients with IBD[9] and suggests that it may be important to
investigate the association between thyroid disorders and
Crohn’s disease. If patients with Crohn’s disease have a higher
prevalence of thyroid disease, then screening and treatment of
the thyroid disease may reduce the risk of fractures in the
Crohn’s disease population. Secondly, it has been reported that
the presence of hyperthyroidism makes the treatment of
inflammatory bowel disease more difficult[10,13] and, therefore,
correcting the thyroid disorder may have an impact on
treatment response.
We compared the prevalence of hypothyroidism and
hyperthyroidism in patients with Crohn’s disease and those
without Crohn’s disease. To investigate whether co-existing
thyroid dysfunction has an impact on the treatment of Crohn’s
disease, we compared the use of immunosuppressive
medications and surgical procedures for the underlying Crohn’s
disease in patients with and without co-existing thyroid
dysfunction.

MATERIALS AND METHODS
Study design and subjects
A retrospective cross-sectional study was conducted at this
hospital from 1998 to 2000. The study group included 210
patients with Crohn’s disease admitted to the hospital or referred
to the endoscopy suite for endoscopic procedures. A control
group comprised of 206 consecutive patients who did not have
inflammatory bowel disease and who were referred for either
screening colonoscopy or esophagogastroduodenoscopy (EGD).
Data collection
Medical records of patients were reviewed to extract
information regarding their baseline demographic information,
diagnosis and extent of Crohn’s disease, presence of thyroid
disease and use of either steroid or immunosuppressive agents.
The diagnosis of Crohn’s disease was made either
endoscopically or radiographically. A history of other medical
diagnoses (e.g. rheumatoid arthritis, chronic obstructive
pulmonary disease) where the potential use of steroids or
immunosuppressive agents may be a confounding factor was
also recorded. Sample size was calculated based on a reference
value of 1 % of thyroid dysfunction in the general population.
To detect the difference of 5 % between the two groups with
power of 0.8 and a two sided alpha error of 0.05, more than
200 patients were required in both the groups.
Outcome
The primary outcome was the presence of hypothyroidism or
hyperthyroidism. Secondary outcomes included the use of
immunosuppressive medications and surgery for the Crohn’s
disease. Thyroid disorder was considered present if the patient
had a prior diagnosis of thyroid disorder and was taking thyroid
medication (thyroxine, propylthiouracil, methimazole) or had
an abnormal thyroid stimulating hormone (TSH) level.
Statistical analysis
Descriptive statistics were reported as proportions, means ±
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standard deviation or median and range. Comparison between
groups was done using the Pearson chi-square test for
categorical variable (or the Fisher exact test if appropriate)
and two-sided student t-test for continuous variables (SPSS
for Windows, release 10.0, Chicago, IL). P<0.05 was
considered significant.

RESULTS
Demographic and clinical characteristics
There were 210 patients with Crohn’s disease and 206 controls.
The two groups were matched for age (49.24 yr. vs 48.58 yr.,
P=0.68), sex (88 males/122 females vs 91 males/133 females,
P=0.29), and race (153 whites/1 black/34 others vs 118 whites/
14 blacks/36 others, P=0.34). The groups differed in body mass
index (24.35 kg/m2 vs 27.46 kg/m2, P=0.001). (Table 1).
Table 1 Comparison of baseline characteristics and thyroid
status in patients with Crohn’s disease and control group
Case (n=210) Control (n=206)

P
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Table 2 Comparison of medical and surgical treatment in patients with hypothyroidism and euthyroidism in Crohn’s disease
Hypothyroidism Euthyroid
(n=8)
(n=201)
Immunosuppresive medications

None

22 (11%)

49.24±13.71

48.58±18.43

0.68

Sex (M/F)

88/122

91/113

0.29

Body Mass Index (kg/cm2)

24.35

27.46

0.001

Race (white/black/others)

153/1/34

118/14/36

0.34

Steroid use

75 (35.7%)

None

Immunosuppressive therapy

22 (10.4%)

None

Hypothyroidism

8 (3.8%)

17 (8.2%)

0.05

Hyperthyroidism

2 (0.01%)

None

0.25

_
_

Primary outcome - thyroid dysfunction
In the Crohn’s group there were 8 (3.8 %) cases of
hypothyroidism and 2 (0.01 %) cases of hyperthyroidism. The
control population had 17 (8.2 %) cases of hypothyroidism
and 0 (0 %) case of hyperthyroidism. The difference in
hypothyroidism showed borderline significance (P=0.05) while
hyperthyroidism was not significant (P=0.25) (Figure 1).
9

8.25 %

Thyroid disorder (%)

8
7
6
5

4.2 %

4
3
2
1
0

Crohn’s disease

Control group

Figure 1 Bar graph showing the prevalence of thyroid disorder in patients with Crohn’s disease and in the control group.

Secondary outcome - use of immunosuppressives and surgery
Patients with Crohn’s disease were divided into those with
hypothyroidism and those without any thyroid disorder. There
was clinically higher use of immunosuppressive agents (0 %
vs 11 %, P=0.59), steroid usage (12.5 % vs 37 %, P=0.15),
small bowel surgery (12.5 % vs 28 %, P=0.34) and large bowel
surgery (12.5 % vs 27 %, P=0.38) in Crohn’s patients with
hypothyroidism in comparison to those who were euthyroid.
This difference however, was not statistically significant.
(Table 2, Figure 2).
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Small bowel surgery

1 (12.5%)

56 (28%)

0.34

Large bowel surgery
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Figure 2 Bar graph showing the usage of steroids, immunosuppressive agents, small bowel surgery, large bowel surgery
and fractures in Crohn’s patients with thyroid disorder and
those without thyroid disorder.

DISCUSSION
Crohn’s disease is a chronic illness that is associated with a lower
bone mineral density and a higher incidence of fracture[1-4]. This
results in increased morbidity and mortality. Thyroid disorder
may potentiate the risk of fracture. The purpose of this study
was to investigate whether thyroid disorder contributed to this
adverse event and if present, whether thyroid disorder has an
impact on the management of Crohn’s disease. We did not
find a higher prevalence of thyroid disease in our Crohn’s
population when compared to a control group. In fact, the
prevalence of hypothyroidism was less in the Crohn’s group.
Sub-group analysis of the Crohn’s group showed that there
was lower usage of steroids, immunosuppressive medications
and surgery in those who were also hypothyroid when
compared to those who were euthyroid. There were 7 (3.4 %)
fractures in the Crohn’s population. All of the fractures
occurred in those who were euthyroid.
The prophylactic use of a bisphosphonate has been shown
to increase the bone mineral density in patients with Crohn’s
disease[14]. However, the beneficial effect in lowering the
incidence of fracture has not been reported. Due to the lack of
an effective prophylactic medication, it becomes important to
identify and treat any other co-existing illness that can enhance
bone loss and increase the risk of fracture. One common disease
that is linked to Crohn’s and has an impact on bone metabolism
is thyroid disease[8-12].
In our study, we did not find a difference in the prevalence
of thyroid disease between patients with Crohn’s disease and
our controls. These findings are consistent with two prior
studies[8,12]. Snook et al[8] found a higher prevalence of thyroid
disorder in patient with ulcerative colitis, but not Crohn’s
disease, when comparing patients with IBD to the general
population. Hammer et al[12] also found a higher prevalence of
thyroid disorder in the ulcerative colitis subset of their IBD
population when compared to the general population. The lack
of association of clinical thyroid disorder and Crohn’s disease
is contradicted by the objective findings of Jenerot et al[9]. They
showed that patients with IBD had a 35 % higher thyroid
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volume and were three times more likely to have an enlarged
thyroid. Their finding of thyroid enlargement may be secondary
to iodine deficiency, which has been reported in Crohn’s
disease and is unrelated to functional derangement of the
thyroid [15]. When we subdivided our thyroid disorder into
hyperthyroid and hypothyroid, we did not find a difference in
the prevalence of hyperthyroid between those with Crohn’s
disease and controls. Surprisingly, we found a lower prevalence
of hypothyroidism in the Crohn’s group as compared to controls.
Finding no difference in the prevalence of hyperthyroidism
between patients with Crohn’s disease and controls has clinical
significance. Hyperthyroidism is associated with accelerated
bone turnover and shortening of the normal bone remodeling
cycle [6,7]. This results in increased bone metabolism and
osteoporosis. Since patients with Crohn’s disease do not have
a higher prevalence of hyperthyroidism, an elevation of
thyroxine levels cannot be the basis for the increased
osteoporosis seen in this group of patients. Factors such as
chronic inflammation, prolonged steroid usage and
malnutrition are the more likely etiological agents for
osteoporosis[16]. Thus, evaluating patients with Crohn’s disease
for hyperthyroidism should be done on clinical grounds and
not as a screening procedure.
Our finding of a lower prevalence of hypothyroidism in
our Crohn’s population as compared to our controls is similar
to those of Hammer et al[12]. It is possible that since both
Crohn’s disease and thyroid disorder have a possible
autoimmune etiology, treating Crohn’s disease with
corticosteroids and immune modulating agents may prevent
the manifestation of an autoimmune thyroid disorder. The
difference in prevalence of hypothyroidism may also be the
result of a higher than expected prevalence of hypothyroidism
in our control group. The prevalence of hypothyroidism in
population based studies varies from 0.5 % to 5 % [17-19],
however, we had an 8 % prevalence of hypothyroidism in our
controls. This higher prevalence of hypothyroidism may be
explained by the availability of third generation assays for
thyroid stimulating hormone (TSH) and increased frequency
of screening for thyroid disorder, leading to detection of subclinical disease. There is also the possibility of a selection bias
in the control group. The controls included people who
underwent screening colonoscopy. Those persons are more
likely to be health conscious and, therefore, are more likely to
visit a physician; thus, this would result in increased screening
for thyroid disease as compared to the general population. In
addition, the control group had a higher body mass index (BMI)
as compared to the Crohn’s group. BMI can act as a
confounding factor as it is related to both hypothyroidism and
reflux symptoms. Hypothyroidism is associated with weight
gain1[8,19]. Patients who have a higher BMI are more likely to
have reflux symptoms[20,21] and thus, are more likely to undergo
EGD than the general population. Since our controls included
patients having EGD, it is possible that our controls contained
a higher percentage of people who are hypothyroid. This may
be a theoretical concern as a recent, well design; prospective
study[22] did not show an association between obesity and reflux
symptoms.
There are concerns that the presence of thyroid disease may
have an impact on the management of IBD. Moreover, there
are case reports that suggest that thyroid disease needs to be
treated in order to successfully treat IBD[10,13]. We subdivided
our Crohn’s disease population into those who are euthyroid
and those who had thyroid disease. The two groups were
compared with regard to steroid usage, use of immune
modulating agents, surgery for the management of Crohn’s
and rate of fracture. There was a higher rate of steroid usage,
use of immune modulating agents, and both small and large
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bowel surgeries in patients who were euthyroid. For instance,
there were seven fractures in the Crohn’s group, all of which
occurred in patients who were euthyroid. The differences,
though clinically significant, were not statistically significant.
This is probably due to a small sample size. A larger
prospective, controlled study is needed to evaluate this issue.
Hypothyroidism is known to decrease metabolism and slow
physiological functions. The presence of hypothyroidism may
act as endogenous disease modification in patients with
Crohn’s disease.
Our study was limited by retrospective data collection. This
makes it difficult to evaluate and compare disease severity
index and extent of disease between Crohn’s disease patients
who are euthyorid and those who had a thyroid disorder present.
It also makes it difficult to establish a temporal relationship
between thyroid disease and Crohn’s disease. Our results are
based on the assumption that patients who were characterized
as euthyroid are actually euthyroid. Symptoms may not suggest
thyroid disease when it is mild and are often atypical in the
elderly[23-25]. Thus, it is possible that we missed patients with
subclinical thyroid disease.
In conclusion, patients with Crohn’s disease do not have a
higher prevalence of thyroid disease than the general population
and, therefore, routine screening for thyroid disease is not a
necessary component in the management of Crohn’s disease.
However, it is apparent that thyroid disease has a significant
clinical impact on the course of Crohn’s disease, which needs
to be studied in a prospective manner.
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Abstract
AIM: To assess the impact of procollagen III peptide as a
marker of collagenesis in the development of pseudopolyps
in patients with ulcerative colitis.
METHODS: Development of pseudopolyps was monitored
in 25 patients with ulcerative colitis classified according to
Powell-Tuck index as mild (n=12) or moderate (n=13) form
of disease. Patients with a mild form of disease were treated
with oral mesalazine medication (2-4 g/day) and local
mesalazine preparation (suppository). Patients with a
moderate form of disease received oral mesalazine
medication (2-4 g/day), local mesalazine preparation
(suppository) and local methylprednisolone at an initial dose
of 60 mg/day, followed by dose tapering. How many
significant variables (previously determined by analysis of
variance) were elevated in the groups with and without
pseudopolyp developement was observed. ROC analysis for
calculation of new index was made.
RESULTS: Serum values of procollagen III peptide (PIIIP), Creactive protein (CRP) and C4 complement component (C4)
were statistically significantly lower in the group of patients
free from pseudopolyp development than those who developed
one or more pseudopolyps (0.45±0.12 vs 1.42±0.70,
P<0.0027; 7.6±4.7 vs 17.8±9.17, P<0.035; and 0.46±0.11
vs 0.34±0.16, P<0.068, respectively) at endoscopic conrtrols
with patohistologically samples during 13 months. There
were no statistically significant differences in the values of
C3, ceruloplasmin and IgM between the two groups (P>0.05).
Discrimination function analysis yielded highest standardized
cannon coefficients for PIIIP (0.876), CRP (0.104), C3 (-0.534)
and C4 (0.184) (P<0.036). The elevation in two of three
laboratory variables (PIIIP, CRP and C4) reached sensitivity
of 93 % and specificity of 90 % in the development of
pseudopolyps.
CONCLUSION: It is proposed that an increase in two of
the three laboratory parameters (PIIIP, CRP and C4) could
improve the accuracy of prediction of the development of
pseudopolyps. When using PIIIP, CRP and C4 on decision

making, the positive predictive value and accuracy were 90 %
and 92 %, respectively.
Babiæ Ž, Jagiæ V, Petroviæ Z, Biliæ A, Dinko K, Kubat G, Troskot R,
Vukeliæ M. Elevated serum values of procollagen III peptide
(PIIIP)in patients with ulcerative colitis who will develop
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INTRODUCTION
The role of procollagen and of its metabolites and enzymes
involved in the synthesis and degradation of procollagen during
the development of ulcerative colitis has already been
investigated in a number of studies [1-6]. Higher levels of
procollagen transcripts have been reported in patients with
ulcerative colitis as compared with healthy subjects[4], pointing
to an enhanced de novo synthesis of all types of collagen in
patients with ulcerative colitis[1,3,4]. Also, the expression of
collagenase has been demonstrated to be higher in patients
with ulcerative colitis than in normal subjects[4]. These patients
showed hyperexpression of procollagen III RNA transcripts.
The elevated level of procollagen messenger RNA correlated
with the rate of inflammatory infiltrations[1,3,4], represented by
inflammatory polyps (pseudopolyps). In the process of healing
inflammatory desctruced mucosa is changed with the
reparatory process[1-9].
The development of pseudopolyps sometimes is seen in
the stage of disease remission[7,8]. The presence of procollagen
and other materials is necessary for polyp formation[1,9]. The
measurement of procollagen may be helpful in the
determination of the patient who will develop pseudopolyp
formation. Insight to literature of the last 20 years, there were
no studies into the predictive value of procollagen III peptide
(PIIIP) for polyp development in patients with ulcerative colitis.
The aim of the study was to assess the role of PIIIP as a marker
of collagen synthesis in the development of pseudopolyps in
patients with ulcerative colitis.
MATERIALS AND METHODS
Patients
Twenty-five patients with ulcerative colitis[7], 11 men with
median age of 34 years (aged 30-45) and 14 women with
median age 35 years (aged 29-47), were included in the study.
Only newly detected patients were enrolled in the study, thus
to exclude the effect of previous therapy on collagen
formation[1-7]. Thus the patients were classified according to
Powell-Tuck index[7,8] for disease severity into the groups with
mild (n=12) and moderate (n=13) form of disease. Mild form
of disease had no system symptoms, had less then 4 stools
over 24 hours. This form of disease was without sifgnificant
rectal bleeding, had no signs of anemia, had normal body
temperature, normal puls rate and had sedimantation rate under
30 mm per hour. Moderate form of disease had 4-6 diarrhoic
stools per day, crampy abdominal pain, elevated body
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temperature, increased puls rate, tachicardia, anemia, elevated
sedimantastion over 30 mm per hour and extraintestinal
symptoms (arthritis). Severe form of disease with more then 6
diarrhoic stools per day, more rectal bleading and severe
intestinal and extraintestinal complications, etc. were not
included in the study, while the therapy for this form of disease
can influence to the collagen formation[1-12].
The course of disease was monitored clinically,
endoscopically and histologically. The development of
pseudopolyps was observed by using endoscopy[1,7,9-12]. The
formation of intraluminal mucosal enlargement with one or
more polyps in former or newly inflammated mucosa was
observed. Histological criteria for inflammatory polyps
(pseudopolypes) were: only the finding of a diffuse colitis with
nonspecific inflammation, no granulomas, and involved rectum
would be consistent with ulcerative colitis; however, even in
cases that the patient might still have some other form of diffuse
colitis and the diagnosis of ulcerative colitis is only established
by exclusion of all other causes [13]. The criterias for the
diagnosis of epithelial dysplasia and its distinction from the
inflammatory and reparative[14, 15] lesions and neoplasms[16] that
regularly occur in these patients have been established.
Clinical and endoscopic controls were done once monthly
during 12 months (12 times), and then once after six months
again, what meaned totally13 controls[7].

Laboratory measurements and new index calculation
PIIIP was measured by using RIA-gnost PIIIP method
(Berhingwerke). CRP, C3, C4, IgM and ceruloplasmin were
measured by using Turbox Immunonephelometry method
(Orion diagnostics).
The significant laboratory variables were determined by
using analysis of variance. The contribution of each variable
was determined by using the discriminant canonical function
on Statistica 5.0 software.
The indexes from three most significant variables were
calculated by using ROC analysis. How many significant
variables were elevated above laboratory reference values for
each patient in two groups (with and without pseudopolyps)
was observed. ROC analysis was used to determine the
sensitivity, specificity, accuracy and positive predictive value
of our new index.
Therapy
The patients with a mild form of disease were treated with oral
mesalazine medication (2-4 g/day) and local mesalazine
preparation (suppository)[7]. The patients with a moderate form
of disease received oral mesalazine medication (2-4 g/day),
local mesalazine preparation (suppository) and oral
methylprednisolone at an initial dose of 60 mg/day followed
by methylprednisolone dose tapering[7]. Severe form of disease
was excluded with Powell-Tuck index, while therapy for severe
form of disease can influence on inflammatory polyps
formation[1-7].
RESULTS
In the group of patients without pseudopolyp development
(n=15), the levels of PIIIP, C-reactive protein (CRP) and C4
complement component (C4) were statistically significantly
lower than those in the group of patients developing
pseudopolyps (0.45±0.12 vs 1.42±0.70, P<0.0027; 7.6±4.7 vs
17.8±9.17, P<0.035; and 0.46±0.11 vs 0.34±0.16, P<0.068,
respectively). Other parameters, i.e, C3 complement
component (C3), ceruloplasmin and IgM, showed no
statistically significant differences between the groups of
patients with and without pseudopolyp development. Analysis
of the discriminative cannon function yielded highest
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standardized cannon coefficients for PIIIP (0.876), CRP
(0.104), C3 (-0.534) and C4 (0.184) (P<0.036), which were
then used for subsequent data analysis.
The use of PIIIP, CRP and C4 levels showed that an increase
in two of these three laboratory parameters improved the
accuracy of prediction of pseudopolyp development. When
using PIIIP, CRP and C4 (ROC analysis) on decision making
sensitivity was 93 % and specificity 90 %, the positive
predictive value and accuracy were 90% and 92%, respectively.

DISCUSSION
In ulcerative colitis patients, inflammatory mucosal destruction
is changed by regeneratory process (inflammatory polips
(pseudopolyps))[1-7,13-16]. Collagen is a constituent of connective
tisssue, thus also of polyps[1]. In inflammatroy bowell diseases,
elevated levels of collagen I, III and V are found[1-3]. Serum level
of PIIIP was found to be higher in patients with ulceratice colitis
and liver damage, then in patients without liver damage[9].
Collagenase is regulated by the processes involved in the
collagen synthesis (N-terminal propeptide of type III
procollagen and C-terminal propeptide of type I procollagen)
and degradation (C-terminal telopeptide of type I collagen)[1].
Degradation of collagens is highly regulated by a cascade of
matrix metalloproteases and their tissue inhibitors taken by
endoscopic biopsies in patients with inflammatory bowel
diseae[8]. The histological severity degree of acute inflammation
was correlated well with the expression of metalloproteases
gene[8].
Collagenase can be influenced by glucocorticoid therapy,
therefore only newly detected patients were enrolled in the
study [1]. The effect of glucocorticoids on collagenase and
collagen degradation has not yet been fully clarified, however,
a number of speculative theories have been proposed[1,3,5,6,9,17].
So, that was the rason why we did not include severe forms of
disease in the study, while there was a lot of factors that could
have influence on the synthesis of colagen and therefore lead
to misinterpretation of results (we tried to succeed “a
homogenous sample” according to collagenesis). We found
no data about any study predicting pseudopolyps development
in patients with inflamatory bowel disease. The development
of pseudopolyps is sometimes seen in disease relaps, but not
strongly[1].
Many studies have tackled the issue of predicting disease
relapse, however, little has been reported on predicting
remission of the disease and none using PIIIP[1,8,18-22].
The levels of interleukin-1, a potent CRP stimulus, were
also monitored [23]. Serum levels of interleukin-1 receptor
antagonist (IL-1ra) may also be an index of ulcerative colitis
activity, being low in disease remission[24]. This parameter may
be useful in the differential diagnosis against other IBDs. A
group of authors from Aachen prefer the level of interleukin6 to CRP[25]. In the present study, CRP levels were among those
that, used in combination with other parameters, improved the
accuracy of predicting pseudopolyp development, probably
pointing not only to inflammation expression but also to the
cellular reparatory potential.
The levels of total sialic acid remained increased after the
therapy, especially in patients with poor response to therapy
with 5-aminosalicylic acid and corticosteroids, while the levels
of CRP were normalized after three weeks in most of the
patients, irrespective of their therapeutic response[26].
Endoscopic monitoring of IBD activity should be
supplemented by the noninvasive measurement of the levels
of alpha1-antitrypsin in stool and serum albumin[27], the more
so, Moran et al recommend them as routine markers of the
disease endoscopic activity[28].
The levels of immunoglobulin proved helpful in the
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assessment of intestinal resorption, however, in spite of
previous belief, had no practical clinical relevance in the
determination of disease activity[29,30]. The results of our study
were consistent with these concepts. So, only the values of C4
complement component could be used for subsequent
evaluation, and these only in combination with other
parameters. Neither were the values of ceruloplasmin as an
early inflammation reactant useful for further analysis.
According to Schmoud et al, age is an unfavorable
prognostic factor for disease relapse in patients with
inflammatory bowel disease (IBD)[31]. Therefore, the patients
included in our study were matched by both sex and age, thus
to minimize the impact of these factors on study results.
In the present study, we used the ever more popular method
including a combination of factors, providing more accurate
information on the real state than each of the factors alone.
The role of procollagen should be investigated in a larger
sample. Studies with tissue collagen determined before and
after therapy may also be expected to yield interesting results.
In addition, studies in more severe forms of the disease would
be highly interesting, although it might be difficult to
differentiate between the collagenase involved in the
connective tissue formation in the intestinal wall and the
collagenase formed by systemic stimulation of other tissues
due to the disease severity[1,2,6,8,9].
In conclusion, based on the study results, it is proposed
that elevation in two of the three laboratory parameters (PIIIP,
CRP and C4) can improve the prediction of the development
of pseudopolyps in patients with ulcerative colitis. When PIIIP,
CRP and C4 are used in the assessment of pseudopolyp
development, the positive predictive value and accuracy were
as high as 90 % and 93 %, respectively.

12

13
14

15
16
17

18

19
20

21

22

REFERENCES
1
2
3

4
5
6
7
8

9

10
11

Kjeldsen J, Schaffalitzky OBM, Junker P. Seromarkers of collagen
I and III metabolism in active Crohn’s disease. Relation to disease activity and response to therapy. Gut 1995; 37: 805-810
Graham MF, Diegelmann RF, Elson CO, Lindblad WJ, Gitschalk
N, Gay S, Adam J. Collagen content and types in the intestinal
strictures of Crohns disease. Gastroenterology 1988; 94: 257-265
Matthes H, Herbst H, Schuppan D, Stallmach A, Milani S, Stein
H, Riecken EO. Cellular localisation of procollagen gene transcripts in inflammatory bowel disease. Gastroenterology 1992; 102:
431-442
Matthes H, Stallmach A, Matthes B, Herbst H, Schuppan D,
Riecken ED. Indications for different collagen metabolism in
Crohn’s disease and ulcerative colitis. Med Clin 1993; 88: 185-192
Berg S, Brodin B, Hesselvik F, Laurent TC, Maller R. Elevated
levels of plasma hyaluronan in septicaemia. Scand J Clin Lab Invest 1998; 48: 727-732
Kaushner I. The phenomenon of the acute phase response. Ann
NY Acad Sci 1982; 389: 39-48
Rutgeerts P. Medical therapy of inflammatory bowel disease.
Digestion 1998; 59: 453-469
von Lampe B, Barthel B, Coupland SE, Riecken EO, Rosewicz S.
Differential expression of matrix metalloproteinases and their
tissue inhibitors in colon mucosa of patients with inflammatory
bowell disease. Gut 2000; 47: 12-14
Lidenius MH, Risteli LT, Risteli JP, Taskinsen EI, Kellokumpu
IH, Hockerstedt KA. Serum aminoterminal propeptide of type
III procollagen (S-PIIIP) and hepatobiliary dysfunction in patients
with ulcerative colitis. Scand J Clin Lab Invest 1997; 57: 297-305
Walmsley RS, Ayres RCS, Pounder RE, Allan RN. A simple clinical activity index. Gut 1998; 43: 29-32
Stallmach A, Schuppan D, Riese HH, Matthes H, Riecken ED.
Increased collagen type III synthesis by fibroblasts isolated from
strictures of patients from Crohn’s disease. Gastroenterology 1992;
102: 1920-1929

23

24

25

26

27

28
29

30

31

621
Modiglani R. Definition of patient groups: remission. In:
Campieri M, Bianchi-Poro G, Fiochi G, Scholmerich J. eds. Clinical challenges in inflammatory bowel disease- diagnosis, prognosis and treatment. Dordrecht, Boston, London: Kluwer Academic Publishers 1998: 85-94
Goldman H. Interpretation of large intestinal mucosal biopsy
specimens. Hum Pathol 1994; 25: 1150-1159
Riddell RH, Goldman H, Ransohoff DF. Dysplasia in
inflammmatory bowel disease: Standardized classification with
provisional clinical applications. Hum Pathol 1983; 14: 931-968
Pascal RR. Consistency in the terminology of colorectal dysplasia.
Hum Pathol 1988; 19: 1249-1250
Pascal RR. Dysplasia and early carcinoma in inflammatory bowel
disease and colorectal adenomas. Hum Pathol 1994; 25: 1160-1171
Dionne S, Ruemmele M, Seidman EG. Immunopathogenesis of
inflammatory bowel disease: role of cytokines and immune cellenterocyte interactions. In: Bistrian BR, Walker-Smith JA. editors.
2 nd Nestle Nutrition Workshop Series Clinial & Performance
Programme 1999: 41-62
Mahmud N, Stinson J, O’Connell MA, Mantle TJ, Keeling PW,
Feely J, Weir DG, Kellehr D. Microalbuminuria in inflammatory
bowel disease. Gut 1994; 11: 1599-1604
Nielsen OH, Langholz E, Hendel J, Brynskov J. Circulating
soluble intercellular adhesion molecule-1 (sICAM-1) in active
inflammatory bowel disease. Dig Dis Sci 1994; 39: 1918-1923
Rowe FA, Camilleri M, Forstrom LA, Batts KP, Mullan BP,
Thomforde GMDunn W, Zinsmeister AR. A pilot study of splenic
and whole body retention of autologous radiolabeled leukocytes
in the assessment of severity in inflammatory colitis. Am J
Gastroenterol 1995; 90: 1771-1775
Weldon MJ, Masoomi AM, Britten AJ, Gene J, Finlaysen CJ, Joseph AE, Maxwell MD. Quantification of inflammatory bowel
disease activity using technetium-99m HMPAO labelled leucocyte single photon emission computerised tomography (SPECT).
Gut 1995; 36: 243-250
Patel RT, Bain I, Youngs D, Keighely MR. Cytokine production
in pouchitis is similar to that in ulcerative colitis. Dis Colon Rectum 1995; 38: 831-837
Mazlam MZ, Hodgson HJ. Interrelations between interleukin-6,
interleukin-1 beta, plasma C-reactive protein values, and in vitro
C-reactive protein generation in patients with inflammatory
bowel disease. Gut 1994; 35: 77-83
Propst A, Propst T, Herold M, Vogel W, Judmaier G. Interleukin1 receptor antagonist in differential diagnosis of inflammatory
bowel disease. Eur J Gastroenterol Hepatol 1995; 11: 1031-1036
Hotkamp W, Stollberg T, Reis HE. Serum interleukin-6 related
to disease activity but not disease specificity in inflammatory
bowel disease. J Clin Gastroenterol 1995; 20: 123-126
Ricci G, D’Ambrosi A, Resca D, Masotti M, Alvisi V. Comparison of serum total sialic acid, C-reactive protein, alpha 1-acid
glycoprotein and beta 2-microglobulin in patients with non-malignant bowel disease. Biomed Pharmacother 1995; 49: 259-262
Lindgren S, Floren CH, Lindgren T, Starck M, Stewnius J,
Nassberger L. Low prevalence of anti-neutrophil cytoplasmic
antibodies in ulcerative colitis patients with long-term remission.
Eur J Gastroenterol Hepatol 1995; 7: 563-568
Moran A, Jones A, Asquith P. Laboratory markers of colonoscopic
activity in ulcerative colitis and Crohn’s colitis. Scand J
Gastroenterol 1995; 30: 356-360
Ivanov AF, Eroshkina TD, Fomin SA, Musin II, Chirkin VV. The
effect of hemosorption on the glycoprotein concentration of the
blood serum in inflammatory diseases of the large intestine. Ter
Arkh 1995; 67: 36-39
Philipsen EK, Bondesen S, Andersen J, Larsen S. Serum immunoglobulin G subclasses in patients with ulcerative colitis and
Crohn’s disease of different disease activity. Scand J Gastroenterol
1995; 30: 50-53
Sahmoud T, Hoctin-Boes G, Modigliani R, Bitoun A, Colombel JF,
Soule JC, Florent C, Gendre JP, Lerebours E, Sylvester R, Mary JY.
Identifying patients with a high risk of relapse in quiescent Crohn’s
disease. The GETAID groups. The groupe d’Etudes therapeutiques
des affectious inflammatoires digestives. Gut 1995; 37: 811-818
Edited by Xu XQ

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

World J Gastroenterol 2003;9(3):622-626
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• CLINICAL RESEARCH •

Synthesis of endotoxin receptor CD14 protein in Kupffer cells and
its role in alcohol-induced liver disease
Li-Li Dai, Jian-Ping Gong, Guo-Qing Zuo, Chuan-Xin Wu, Yu-Jun Shi, Xu-Hong Li, Yong Peng, Wu Deng,
Sheng-Wei Li, Chang-An Liu
Li-Li Dai, Guo-Qing Zuo, Department of Digestive Disease, the
Second College of Clinical Medicine & the Second Affiliated Hospital
of Chongqing University of Medical Science, 74 Linjiang Road,
Chongqing 400010, China
Jian-Ping Gong, Chuan-Xin Wu, Yu-Jun Shi, Xu-Hong Li, Yong
Peng, Wu Deng, Sheng-Wei Li, Chang-An Liu, Department of
General Surgery, the Second College of Clinical Medicine & the
Second Affiliated Hospital of Chongqing University of Medical
Science, 74 Linjiang Road, Chongqing 400010, China
Supported by the National Natural Science Foundation of China,
No.39970719, 30170919
Correspondence to: Dr Jian-Ping Gong, Department of General Surgery,
the Second College of Clinical Medicine & the Second Affiliated
Hospital of Chongqing University of Medical Science, 74 Linjiang
Road, Chongqing 400010, China. gongjianping11@hotmail.com
Telephone: +86-23-63766701 Fax: +86-23-63822815
Received: 2002-06-24 Accepted: 2002-07-22

in control group (86±12 ng·L-1 and 97±13 ng·L-1) (P<0.05).
The levels of IL-6 were 387±46 ng·L-1 and 413±51 ng·L-1,
which were also higher than control group (78±11 ng·L-1
and 73±10 ng·L-1) (P<0.05). In liver section from ethanolfed rats, there were marked pathological changes including
steatosis, cell infiltration and necrosis. No marked
pathological changes were seen in control group.
CONCLUSION: Ethanol administration led to a significant
synthesis of endotoxin receptor CD14 protein and its gene
expression in KCs, which maybe result in the pathological
changes of liver tissue and hepatic functional damages.
Dai LL, Gong JP, Zuo GQ, Wu CX, Shi YJ, Li XH, Peng Y, Deng
W, Li SW, Liu CA. Synthesis of endotoxin receptor CD14 protein
in Kupffer cells and its role in alcohol-induced liver disease.
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http://www.wjgnet.com/1007-9327/9/622.htm

Abstract
AIM: To observe the synthesis of endotoxin receptor CD14
protein and its mRNA expression in Kupffer cells (KCs), and
evaluate the role of CD14 in the pathogenesis of liver injury
in rats with alcohol-induced liver disease (ALD).
METHODS: Twenty-eight Wistar rats were divided into two
groups: ethanol-fed group and control group. Ethanol-fed
group was fed ethanol (dose of 5g-12g·kg·d-1) and control
group received dextrose instead of ethanol. Two groups were
sacrificed at 4 wk and 8 wk, respectively. KCs were isolated
and the synthesis of CD14 protein and its mRNA expression
in KCs were determined by flow cytometric analysis (FCM)
or the reverse transcription polymerase chain reaction (RTPCR) analysis. The levels of plasma endotoxin and alanine
transaminase (ALT) were measured by Limulus Amebocyte
Lysate assay and standard enzymatic procedures
respectively, and the levels of plasma tumor necosis factor
(TNF)-α and interleukin (IL)-6 were both determined by
ELISA. The liver pathology change was observed under light
and electric microscopy.
RESULTS: In ethanol-fed group, the percentages of FITCCD14 positive cells were 76.23 % and 89.42 % at 4 wk and
8 wk, respectively. Compared with control group (4.45 %
and 5.38 %), the difference was significant (P<0.05). The
expressions of CD14 mRNA were 7.56±1.02 and 8.74±1.37
at 4 wk and 8 wk, respectively, which were significantly higher
compared with the control group (1.77±0.21 and 1.98±0.23)
(P<0.05). Plasma endotoxin levels at 4 wk and 8 wk
increased significantly in ethanol-fed group (129±21 ng·L-1
and 187±35 ng·L-1) than those in control rats (48±9 ng·L-1
and 53±11 ng·L-1)(P<0.05). Mean values of plasma ALT levels
increased dramatically in ethanol-fed rats (112±15 IU/L and
147±22 IU/L) than those in the control animals (31±12 IU/L
and 33±9 IU/L) (P<0.05). In ethanol-fed rats, the levels of
TNF-α were 326±42 ng·L-1 and 402±51 ng·l-1 at 4 wk and 8
wk, respectively which were significantly higher than those

INTRODUCTION
Our previous studies have shown that the ethanol-fed rats or
rats with endotoxemia had higher endotoxin levels in plasma,
increased lipopolysaccharide (LPS) receptor CD14 in the liver,
and more serious liver injury compared with control rats[1-6].
But it was unclear where CD14 came from. Accordingly, the
purpose of this study is to determine whether Kupffer cells
(KCs) synthesize CD14 protein and express its mRNA, and
evaluate the role of CD14 protein in alcohol-induced liver
disease (ALD).
MATERIALS AND METHODS
Animals and treatments
Twenty-eight adult female Wistar rats weighing 180 g to 220 g
were fed ad libitum a liquid diet. Animals were divided into
two groups: ethanol liquid diet group (ethanol-fed group) and
liquid diet group (control group). The rats of ethanol-fed group
were fed ethanol, and control group received the same diet but
with isocaloric amounts of dextrose instead of ethanol. In
ethanol-fed group, the initial dose is 5 g·kg -1·d -1 and the
concentration of ethanol within the diet increased up to
12 g·kg -1·d -1 gradually in 8 weeks. All diets were prepared
fresh daily. All the animals were anesthetized with sodium
pentobarbital (30 mg·kg-1 intraperitoneally) and sacrificed at
4 wk and 8 wk, respectively. Blood was withdrawn from the
before use.
portal vein and stored at -70
KCs isolation
KCs were isolated with the in situ collagenase perfusion
technique, modified as described previously[7,8]. In brief, the
livers were removed after a portal vein perfusion with Hanks’
balanced salt solution (HBSS) and the homogenate was
digested in a solution of 0.5 g·L-1 collagenase (Type IV, Sigma).
The digest was washed thoroughly and plated on plastic dishes
in RPMI medium containing 50 mL·L-1 fetal calf serum (FCS).
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Determination of CD14 mRNA by RT-PCR
The PCR primers used were CD14: sense (5’CTCAACCTAGAGCCGTTTCT-3’), anti-sense (5’CAGGATTGTCAGACAGGTCT-3’); β-actin: sense (5’ACCACAGCTGAGAGGGAAATCG-3’), antisense (5’AGAGGTCTTTACGGATGTCAACG-3’). The sizes of the
amplified PCR products were 267 bp for CD14, and 281 bp
for β-actin. The reaction conditions for amplification were as
below: denaturation at 93 for 1 min, annealing at 57 for
2 min, and extension at 71
for 1 min for 30 cycles. The
PCR products were electrophoresed in 20 g·L-1 agarose gels,
and the gels were ethidium bromide stained and video
photographed on an ultraviolet transilluminator, and the results
were showed with the relative absorbance (Ar: relative optical
density, ROD).
Blood endotoxin & ALT
To determinate the endotoxin, blood was collected into
pyrogen-free tubes containing heparin. Plasma was
immediately separated at 4 by centrifugation at 200 g for 8
minutes and stored in pyrogen-free tubes at -70 . Plasma
endotoxin levels were measured within a week using the
Limulus Amebocyte Lysate assay. Serum alanine transaminase
(ALT) was measured by standard enzymatic procedures.
Bioassay for cytokines production in plasma
The levels of TNF-α and IL-6 in plasma were determined with
enzyme-linked immunosorbent assay (ELISA) kits according
to the manufacture’s instructions and guidelines (Biosource
International, Camarillo, CA).
Liver pathology
Liver samples from left liver lobes were fixed with 100 ml·L-1
buffered formalin or 25 g·L-1 glutaraldehyde immediately. For
optical microscope, the tissue blocks were embedded in
paraffin, and stained with hematoxylin and eosin (HE). For
electronic microscope, the tissue blocks were embedded in
Epon 618 resin and ultrathin sections were stained with urany
acetate and lead citrate. A H-2000 transmission electron
microscope was employed.

Expression of CD14 mRNA in KCs
CD14 mRNA expression in both groups KCs was determined
with RT-PCR. In control group, there was no significant
expression at the level of CD14 mRNA at 4 wk and 8 wk,
respectively. However, it was significantly higher in ethanolfed rats compared with control group (P<0.05, Figure 1).
Expression of CD14 mRNA (ROD2)

RNA isolation and complementary DNA synthesis
Total RNA was isolated from KCs with the TRIZOL Reagent
(Life Technologies, USA). The quality of RNA was controlled
by the intactness of ribosomal RNA bands. 0.5 mg of each
intact total RNA samples was reverse-transcribed to
complementary DNA (cDNA) with the reverse transcription
polymerase chain reaction (RT-PCR) kit (Roche, USA). cDNA
was stored at -70
until polymerase chain reaction (PCR)
analysis.

RESULTS
Binding of FITC to KCs
To confirm the synthesis of CD14 protein in KCs, we examined
the binding of FITC to the cells. The percentages of FITCCD14 positive cells at 4 wk and 8 wk were 4.45 % and 5.38 %
in control group, respectively. While in ethanol-fed group,
the mean fluorescence intensity (MFI) dramatically increased,
the numbers of FITC-CD14 positive cells were 76.23 % and
89.42 % at 4 wk and 8 wk, respectively. There was significant
difference when compared to control group (P<0.05).
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Figure 1 Expression of CD14 mRNA in KCs. aP<0.05 vs controls.
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Flow cytometric analysis (FCM)
Synthesis of CD14 protein in KCs was examined by FCM[2,3].
In brief, KCs were incubated with the anti-CD14 polyclonal
antibody (0.1 mg·L-1) for 30 mins after washing, cells were
incubated with goat anti-rabbit immunoglobulin G labled with
FITC for 30 min, after being washed for three times, and 10 000
cells were analyzed by FCM (Coulter, USA). The percentage
and mean fluorescence intensity (MFI) of CD14-positive cells
were taken as the indexes.

Statistical analysis
All results were expressed as x±sx. Statistical differences
between means were determined using Student’s t test. A P
value of 0.05 was considered significant.
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Figure 2 Changes of endotoxin levels. aP<0.05, vs controls.
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After 3 h incubation at 37
in O2 and CO 2 (0.95/0.05),
nonadherent cells were removed with pipet. The adherent cells
were collected with a rubber policeman. KCs purity exceeded
90 % as assessed by light microscopy, and viability was
typically greater than 92 % as determined by trypan blue
exclusion assay.
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Figure 3 Changes of serum alanine transaminase levels. aP<0.05,
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Cytokines production in plasma
In ethanol-fed group, the plasma concentrations of TNF-α and
IL-6 at 4 wk and 8 wk were 326±42 ng·L-1, 402±51 ng·L-1,
387±46 ng·L-1, and 413±51 ng·L-1, respectively, which were higher
than those in control group (86±12 ng·L-1, 97±13 ng·L-1, 78±11
ng·L-1, and 73±10 ng·L-1) (P<0.05, Figure 4 and Figure 5).
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Figure 4 Changes of TNF-α concentrations. P<0.05 vs controls.
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(33±9) nkat·L-1 at 4 wk and 8 wk, respectively. Plasma ALT
levels were increased dramatically to (112±15) nkat·L-1 and
(147±22) nkat·L-1 in ethanol-fed rats after 4 wk and 8 wk,
respectively (P<0.05, Figure 3).
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Figure 5 Changes of IL-6 concentations. aP<0.05 vs controls.
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Figure 6 Ethanol-fed rats. A: Huge focal cytoplasmic degeneration in the cytoplasm of hepatocyte TEM×30 000; B: Many
focal cytoplasmic degeneration and myelin figures in the cytoplasm of KC TEM×15 000.

Blood endotoxin and ALT levels
Plasma endotoxin levels in ethanol-fed rats increased
significantly by ethanol to values of (129±21) ng·L-1 at 4 wk
and (187±35) ng·L-1 at 8 wk, the levels of endotoxin were about
2-fold and 3-fold higher than the values of control rats [(48±9)
ng·L-1 and (53±11) ng·L-1] (P<0.05, Figure 2). Mean values
for ALT in the control animals were (31±12) nkat·L-1 and

Pathological changes
No pathological changes in the liver were observed in the
control rats at 4 wk or 8 wk. However, in liver section from
rats after 4 wk on ethanol liquid diet, steatosis in both
microvesicular and macrovesicular was observed. Few
inflammation but accumulation of blood cells in the sinusoidal
lining was observed. In liver section from rats after 8 wk on
ethanol diet, marked pathological changes (steatosis, cell
infiltration and necrosis), KCs proliferation and hypertrophy
were detected. Under electron microscopy, huge focal
cytoplasmic degeneration and necrosis could be seen in
hepatocytes of ethanol-fed rats (Figure 6A). KCs hypertrophy
and their surface projections increased as well as, and the
phagocytic vacuoles or electron dense phagosomes, Focal
cytoplasmic degeneration and many myelin figures in their
cytoplasm could also be seen (Figure 6B).
DISCUSSION
Many studies have documented that liver disease could result
from the dose- and time-dependent consumption of alcohol[1,9,10].
However, the mechanisms remain unclear. There appears to
be increasing evidences that ethanol toxicity maybe associated
with increased levels of endotoxin in plasma[9, 11-16]. Endotoxin
or LPS is believed to exert many of its effects on the liver injury
via interacting with LBP and CD14[17-23]. LBP and CD14 are
clearly implicated in the molecular and cellular basis of the
interaction between endotoxin and monocytes/macrophages.
LBP in serum can recognize and bind LPS to form LPS-LBP
complexes and activate cells through CD14 receptor on the
membrane of these cells, initiate a process leading to the release
of cytokines (e.g., tumor necrosis factor-α and interleukines),
prostanoids, and other soluble mediators[9,10,24-29]. The release
of these mediators is considered to be an early key step in the
pathogenesis of liver disease because they trigger inflammatory
events in the liver and alter the parenchymal homeostasis,
ultimately initiate liver injury[30-34]. But, it is not clear where
CD14 in liver comes from.
The major goal of this study is to observe the synthesis of
CD14 protein and its mRNA expression in KCs in ethanol-fed
rats and evaluate the its role in ALD. It was found that
endotoxin levels in the plasma of rats treated with ethanol were
increased significantly when compared with control animals.
The increase in CD14 mRNA levels in the ethanol-fed rats is
correlated to inflammation degree and necrosis in the liver of
these animals, which developed fatty liver, necrosis, and
inflammation. Control rats showed no liver pathological
changes. In the present study, we found the severity of
pathological changes in ethanol-fed rats was accompanied with
the increase in CD14 mRNA in KCs and serum ALT. A similar
pattern of changes was observed by Yin et al[12]. They found
that blood endotoxin and hepatic CD14 mRNA and protein
were increased by ethanol. Therefore, the sensitivity
(vulnerability) of rat liver to alcohol-induced injury is directly
related to CD14 expression in the liver, leading to the increased
production of TNF-α, free radicals, interleukins and other
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cytokines[35-39]. The marked increase in the synthesis of CD14
protein suggests a new mechanism by which alcohol enhanced
the LPS-mediated cytokine signaling by the liver macrophages,
thus promoting the interaction between alcohol and endotoxins
in the development of liver injury[40-43].
It has been well established that the Liver is the main source
of acute reaction protein[1-6, 8]. However, the mechanism by
which the synthesis of CD14 protein and its mRNA expression
in the liver increased is thus as yet unclear. It is reported that
the synthesis of CD14 protein and its gene expression occurred
mainly in monocytes/macrophages, including the cells that
reside in the liver (KCs) and these may represent recruitment
of inflammatory cells, for example, infiltrating mononuclear
cells or macrophages that have high expression of CD14 gene
and CD14 protein [44-48]. The increased CD14 protein may
promote monocytes/macrophages response to low level of
endotoxin, and lead to NF-kB activation and production of
pro-inflammatory cytokines, which play an important role in
alcoholic liver injury[49-53].
In summary, our results show that ethanol administration
led to a significant increase of CD14 protein synthesis and its
mRNA expression in KCs when compared with the control
rats. The synthesis of CD14 protein and its gene expression
may result in greater sensitivity of hepatocytes to endotoxin
and lead to the pathological changes of liver tissue and liver
functional injury.
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Abstract
AIM: Hepatocelluar adenoma (HCA) and adenomatous
hyperplasia (AH) are rare benign tumors of the liver. HCA is
usually found in women who use oral contraceptives. AH
usually occurs in patients with liver cirrhosis. Both tumors
have potential for malignant transformation.
METHODS: We described a male adult with chronic liver
disease (CLD) who had been known to be a hepatitis B
carrier (HBV) for years. He was found to have a spaceoccupying lesion with a suspicion of hepatocellular carcinoma
(HCC) by abdominal ultrasonography. His α-fetoprotein (AFP)
was normal. Angiographic findings were consistent with the
diagnosis of HCC, he wished to avoid an operation, was
treated with transcatheter hepatic arterial embolization.
RESULTS: He subsequently consented to surgery, and a
right lobectomy was performed. The liver pathology disclosed
HCA with nuclear dysplasia and post-embolization effects.
In addition, there were multiple small foci of AH with nuclear
dysplasia in the resected liver. Although he had some focal
areas of cirrhosis-like change or post-embolization effect,
the AH was associated only with normal liver tissue.
CONCLUSION: This case confirms that HCA and AH may
resemble HCC on imaging studies, and that AH may occur
in CLD in the absence of cirrhotic change.
Hsu CY, Chu CH, Lin SC, Yang FS, Yang TL, Chang KM.
Concomitant hepatocellular adenoma and adenomatous
hyperplasia in a patient without cirrhosis. World J Gastroenterol
2003; 9(3): 627-630
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INTRODUCTION
Benign hepatic tumors, such as hepatocellular adenoma (HCA)
and adenomatous hyperplasia (AH), result from a variety of
neoplastic and regenerative proliferative processes. HCA is
an uncommon benign tumor of the liver most frequently

occurring in women with long-standing contraceptive steroid
use [1-4, 10, 11]. It usually regresses after discontinuation of
contraceptives[5, 6]. HCA in men has usually been found in
association with glycogen storage disease, diabetes, and the
use of androgen and anabolic steroids[7, 10, 11]. HCA is usually
solitary, but multiple adenomas have been described, ranging
from two nodules to multiple or disseminated lesions of various
size. The latter is termed hepatic adenomatosis[8-10]. Patients
may present with a palpable mass over the right upper
quadrant. Although most cases are asymptomatic and detected
only incidentally, HCA may rupture and lead to lifethreatening hemorrhage[12]. Malignant transformation of HCA
is rare, but it may be very difficult to distinguish a benign
tumor from a well-differentiated hepatocellular carcinoma
(HCC) clinically[10].
Edmondson first reported adenomatous hyperplasia (AH)
of the liver in 1974. He defined it as a regenerative overgrowth
with limited growth potential [13]. AH is the term most
commonly used in Japan, while researchers in the United States
and Europe call it a macroregenerative nodule (MRN). At the
recommendation of the International Working Party Consensus
Conference, the terminology for these dysplastic nodules has
been standardized[10]. Based on characterization of cytological
and architectural atypia, AH is generally classified as type I
MRN (or ordinary AH) and type II MRN (or atypical AH)[14, 30].
The lesions are usually associated with liver cirrhosis[14]. The
size of AH varies from 5 mm to 10 mm in different series[10], but
a huge AH lesion of 10 cm in diameter has been reported[29]. AH
probably represents one type of malignant precursor [30].
However, the distinction of AH from well-differentiated HCC,
particularly in samples obtained by needle biopsy, can be quite
difficult, if not impossible[10]. Despite several cases reported
in the literature, AH remains a poorly understood disease of
unknown etiology.
We reported a case with infrequent presentation of both
HCA and multiple AH lesions in HBV-related chronic liver
disease.

MATERIALS AND METHODS
Case report
A 30-year-old Asian man had been known to be a hepatitis B
virus (HBV) carrier for many years. His younger brother had
died of HBV-related HCC about 1 year ago. Therefore, he
came to the outpatient department (OPD) of Mackay Memorial
Hospital (a tertiary referral center) for evaluation of his liver
condition. Nine years previously, he had undergone laparotomy
at another hospital for a ruptured appendix. He had no history
of smoking or alcohol consumption, and he denied use of any
medications or exogenous hormones. His alanine aminotransferase
(ALT) was 40 U/L (normal: 5-30 U/L), hepatitis B surface
antigen (HBsAg) was positive; “e” antigen of hepatitis B
(HBeAg) was negative, and AFP 3.33 ng/ml (normal < 6.00
ng/ml). Abdominal sonography demonstrated (a) a spaceoccupying lesion consistent with HCC, (b) chronic liver disease
(CLD), and (c) a gall bladder polyp without stone. The spaceoccupying hypoechoic lesion, measuring about 24×22 mm in
size, was located in the right lobe of the liver (Figure 1).
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Because of the abnormal sonographic findings, he was admitted
for further assessment and management.
On physical examination, he had no hepatosplenomegaly
or abdominal tenderness. In admission, not only the routine
hemogram of blood cells and differential count, platelet count,
but also prothrombin and activated partial thromboplastin time
were normal. The urinalysis and stool for occult blood were
negative findings. Biochemistry of blood glucose, protein,
albumin, alkaline-phosphatase, aspartate aminotransferase
(AST), ALT, total cholesterol, triglycerides, blood urea
nitrogen, uric acid, creatinine, potassium, sodium, chloride,
and CA19-9 were all normal. The total bilirubin was mildly
elevated (1.4 mg/dl, normal range: 0.2-1.3 mg/dl), but the direct
bilirubin was normal. The chest X-ray and electrocardiogram
were unremarkable. No liver tumor was seen on computed
tomography (CT) with or without contrast (Figure 2). On the
6th hospital day, he underwent hepatic angiography that
revealed multiple tumor stains in the right lobe of the liver,
strongly suggestive of HCC (Figure 3). Given the fact that this
patient was hesitant to undergo operation and that there were
multiple angiographic lesions, these tumors were embolized
with 6 cubic centimetres lipiodol, 6 cubic centimetres lipodox,
gelfoam pieces and cephazolin. The patient subsequently
consented to surgery. Indocyanine green (ICG) was 3 %
(normal: 0-10 %).
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Figure 3 On angiography, there was an oval hypervascular
lesion (black arrows) and multiple scattered tiny hypervascular
spots in the right lobe of the liver (white arrows).

Figure 4 Slightly disarrayed hepatocytes with nuclear dysplasia were found. Besides one-to-two layer reticulin stain, not
consistent with HCC, was present. (Reticulin stain, ×250).

Figure 1 A hypoechoic lesion in the right lobe of the liver,
segment S6, 24×22 mm in diameter (asterisks).

Figure 5 An oval-shape nodule (black arrows) which consisted
of disarrayed hepatocytes with nuclear change and clear change
in the cytoplasm was surrounded by normal liver tissue. (H&E
stain, ×125).

Figure 2 No evidence of hepatocellular tumor seen on upper
abdominal CT with contrast.

On the 17th hospital day, he underwent total right hepatic
lobectomy and cholecystectomy. Grossly on the cut section,
there was an easily identifiable, well-defined solitary nodule,
2 cm in the greatest dimension, darker than the surrounding
hepatic tissue with a central stellate dark red appearance. The
hepatic tissue elsewhere has several 2-4 mm, fairly well-defined
dark gray spots. And three areas of subcapsular hemorrhage,
the largest 1 cm in diameter, were noted. The surgical margins
appeared to be free of tumor involvement.
Microscopically, the main nodule was composed of
hepatocytes much larger than the normal cells, with frequent
nuclear dysplasia but no apparent increase of nucleus-to-
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cytoplasm ratio or mitoses. The arrangement of the hepatocytes
in the nodule was disturbed (partially collapsed), which was
thought to represent an ischemic-degenerative effect of
embolization. However, there was not yet frank infarction
except for a focal area in the stellate scar-like lesion in the
center. Reticulin staining demonstrated a one-to-two layer
arrangement with slight disarray, inconsistent with the
appearance of HCC (Figure 4). No biliary ductules were found
at the periphery of the stellate area. There was preservation of
Kupffer’s cells. The lesion was fairly well demarcated from
the surrounding normal liver tissue, but it lacked a capsule.
The overall appearance indicated a liver cell adenoma postembolization.
The small gray spots had slightly disarrayed hepatocytes
with occasional nuclear dysplasia and clear changes in the
cytoplasm, which were arranged in one-to-two-layer thin cords.
They had preserved reticulin fibers, in contrast to HCC, and
thus were consistent with AH (Figure 5). Excluding the
aforementioned lesions, the remaining hepatic tissue was fairly
normal except for focal areas with chronic inflammation in
the portal triads with bridging fibrosis and possible early
cirrhosis. However, post-embolization effect may be
considered. The GB was found to have cholesterol polyps.
The patient recovered from surgery uneventfully. He was
discharged and followed in the OPD. The other viral markers
including HCV and HDV were negative by immunoassay.

DISCUSSION
In regions where HBV is hyper-epidemic, there is a
corresponding increase in the incidence of HCC compared to
areas with less HBV disease. HBV carriers are more likely
than HBV-free individuals to develop HCC. Therefore, in
Taiwan, China, with its high prevalence of HBV carriage and
incidence of HCC, an HBV carrier presenting with a hepatic
mass requires careful evaluation. Therefore, benign lesions
must be precisely differentiated from malignant masses.
HCA is a rare benign tumor with a variable sonographic
appearance. Cherqui et al reported that, of 6 cases, 4 tumors
were hyperechoic, 3 hypoechoic, and 1 isoechoic[15]. Welch et
al reported that 4 of 13 tumors had mixed echogenicity and 1
was hypoechogenic[16]. C.H. Hung et al reported the appearance
of 12 lesions, 1 with isoechogenicity, 4 with hypoechogenicity,
3 with hyperechogenicity, and the remaining with mixed
echogenicity[7]. The CT scan features of HCA are also very
nonspecific. Mathieu et al reported 22 cases with 27 tumors
that were hyperdense and 5 with hypodense tumors on dynamic
CT[17]. Cherqui et al described 3 lesions in 2 of 6 patients had
a hyperdense area corresponding to recent hemorrhage, while
the others didn’t[15]. Welch et al stated that, of 13 cases, 6 tumors
were hypodense and 1 was hyperdense[16]. Magnetic resonance
imaging (MRI) may be used, but it is not always helpful in
distinguishing HCA from other liver tumor[11] Scintigraphy or
radionuclide imaging provides a functional assessment of the
liver but is helpless for anatomic imaging. Therefore,
abdominal sonography, contrast-enhanced CT or MRI are all
limited in their ability to discriminate HCA from HCC.
However, they do provide helpful information on the size,
number, and tumor location, particularly in relation to vascular
structures and the biliary tract. It is very important to assess
preoperatively.
Angiographic findings may also vary. Kerlin et al
demonstrated hypervascular tumors in all 15 patients examined,
but 7 also had areas of hypovascularity[1]. Welch et al described
9 of 13 cases with hypervascular lesions that also contained
small hypovascular area[16]. As with the other imaging studies,
the specificity of angiography is too low to provide a definitive
diagnosis, but is helpful in assessing anatomy prior to resection.
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Some researchers have suggested using percutaneous fineneedle biopsy [18], but we are reluctant to do so. HCA is a
hypervascular lesion, with a significant risk of hemorrhage if
a large-caliber needle is used[19, 21]. Second, if the lesion turns
out to be malignant, there is a risk of tumor seeding along the
needle track[19, 20]. Third, a small sample obtained with a smallbore needle may not be adequate for a histological diagnosis[21].
Finally, lesions with malignant transformation within an
adenoma could be missed, leading to a false-negative biopsy
result. Therefore, we did not feel that percutaneous biopsy was
appropriate in our patient.
In most reports, AH is considered to begin with small
nodules in a cirrhotic liver, progressing to a larger nodule, and
then rapidly transforming into a malignant lesion. Hence, AH
is thought to be an early stage in hepatocarcinogenesis,
especially when the AH is atypical[14, 30]. While differentiation
between malignancy and AH is clinically important, it is also
quite difficult. Nomura et al reported 4 cases, 2 of which were
hypoechogenic and 3 of which had a hyperechoic focus in an
area of hypoechoic change; all 4 lesions were missed on CT,
and only 1 was detected at angiography[22]. Again, some authors
advise fine-needle biopsy. However, AH is a small liver tumor,
usually less than 2 cm in diameter[10]. An adequate biopsy
specimen should be at least 2.5 cm in diameter[23]. Given the
relatively low chance of benefit, it is not worth the risk of biopsy
in cases having small area of AH is suspected. Thus, as with
HCA, imaging studies are helpful for screening but not for
definitive diagnosis of AC, and biopsy is probably not helpful.
AH usually occurs in the presence of liver cirrhosis[10, 24, 25].
Nevertheless, Gindhart et al reported a case of AH of the liver
arising spontaneously in an 82-year-old woman without
cirrhosis[26]. Terada et al described another case of AH in a
patient with chronic active hepatitis[27]. Theise et al incidentally
found a small HCC arising in AH in a patient with chronic
hepatitis C infection but without cirrhosis[28]. Furuya et al
reviewed 345 autopsy cases of chronic liver disease and found
one case of AH in a noncirrhotic liver[25]. In this case, aside
from the HCA and AH, most of the liver tissue was normal,
except for focal areas of early cirrhosis. The AH lesions all
occurred in areas with normal liver tissue, not in conjunction
with the focal cirrhosis. AH thus apparently can occur in CLD,
not only in patients with cirrhosis. It may represent a malignant
precursor in either condition.
In conclusion, this case confirms the difficulty noted in the
literature of distinguishing HCA and AH from malignant
hepatoma using clinical criteria alone, i.e., history, physical
examination, imaging study or biopsy. Surgical intervention
for diagnosis, therefore, is undoubtedly required. If that is not
possible, very close follow up is recommended. Consideration
of the diagnosis of AH should not be limited to patients with
liver cirrhosis, since it may occur in CLD of varying etiology,
such as HBV. Further research is needed to establish methods
for early differentiation of small HCC and benign liver tumors.
Until such methods are available, an aggressive, invasive
approach is most likely necessary.
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Abstract
AIM: To sum up the experience of the successful therapy
for the severe hepatitis of pregnant woman with postpartum
massive hemorrhage.
METHODS: The advanced therapeutic methods including
the bilateral uterine artery embolism, hemodialysis and
artificial liver support therapy were performed with
comprehensive medical treatments and the course of the
successful rescuing the patient was analyzed.
RESULTS: Through the hospitalization of about two mouths
the patient and her neonatus had gotten the best of care in
our department and pediatric department separately. Both
of them were discharged in good condition.
CONCLUSION: The key points for a successful therapy of
the pregnant woman with severe hepatitis are termination
of the pregnancy and the control of their various
complications. It was suggested that the proper combination
of these measures of modern therapy would race against
time for renewing of hepatic and renal functions.
Jia ZS, Xie YM, Guo WP, Di JR, Yin GW, Huang CX, Bai XF.
Successful rescuing a pregnant woman with severe hepatitis E
infection and postpartum massive hemorrhage. World J
Gastroenterol 2003; 9(3): 631-632
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INTRODUCTION
Hepatitis E infection is the most common cause of severe
hepatitis in pregnancy, being seriously dangerous for both
maternal and fetal life with a mortality rate of 58 %, even up
to 100 % if a postpartum massive hemorrhage occurs[1-4]. A
pregnant woman with severe hepatitis E infection complicated
with postpartum massive hemorrhage and fulminant hepatic
and acute renal failure is presented in this report. With the
comprehensive medical treatments in an intensive care setting
and three advanced therapeutic measures including bilateral

uterine artery embolism, hemodialysis and artificial liver
support therapy, a satisfactory outcome of both the mother
and child was achieved.

CASE REPORT
A 24-year-old pregnant woman was admitted to our hospital
in May 11th 2002 and presented with a 31-week pregnancy
and an 11-day history of asthania, abdominal distention with
deep jaundice. On examination she had a blood pressure of
20/12 kPa, peripheral and facial puffiness, icteric sclera and
xanthochromia. The fetal heart rate was 140 beats/min.
Laboratory findings showed a normal white blood cell count
and a decreased platelet counts (76×109/L) with a hemoglobin
level of 102 g/L. Liver function tests were obvious abnormal
(albumin 25.9 g/L, bilirubin 579 µmol/L, alanine transaminase
158 IU/L). Prothrombin time activity (PTA) was 21.5 %. The
markers of hepatitis virus showed negative for hepatitis A, C
and D, positive for anti-HB surface and anti-HE (IgM). So a
diagnosis of fulminant hepatic failure of pregnancy (FHFP)
with hepatitis E infection was made.
A further clinical course gave a risk signal for the maternal
and fetal life. After admission, the gravid woman in the
intensive care unit was treated by catharsis with lactulose in
order to terminate the pregnancy. With the regular uterine
contraction and colporrhagia that appeared as parturient signals,
she was immediately sent to the childbearing ward for
parturition. After the childbirth of a 1 300 g-weight male baby
who was sent to the pediatric care ward, the patient developed
postpartum massive hemorrhage. Her blood pressure dropped
to 10.7-6.67/6.67-4.0 kPa, at a minimum falling to 0/0 kPa.
With the drug hemostasis, such as uterotonic, thromboplasin,
and p-amino-merthyl beozoic acid, her colporrhagia could not
be stopped. The total of her hemorrhage was about 3 500 ml,
and she was on the verge of death. Therefore, it was decided
to perform the bilateral uterine artery embolism by the method
of intervention. As a result, her colporrhagia was effectively
controlled. At the same time fresh blood was transfused
together with albumin, and her blood pressure rose up to 15.5/
11.5 kPa with the normal vital signs.
After a dangerous delivery the patient underwent a clinical
course of exacerbation with hepatic encephalopathy, hepatic
renal syndrome, bacterial infection of puerperium and
disseminated intravascular coagulation (DIC). The parturient
presented fever (to 39.8 ), oliguria (<400 ml/d) and confusion.
The physical signs included severe edema of the whole body,
intensive stasis of blood under subcutaneous layer of the
abdominal wall and bilateral groin, and huge amount of
hemorrhagic ascites. Laboratory study showed that the white
blood cell count was 28.8×109/L, N 0.89, Hb 49×109/L, serum
creatinine 583.3 µmol/L, blood urea nitrogen 24.2 µmol/L, blood
NH3 164 µmol/L. The tests for DIC revealed thrombocytopenia
(42×109/L), prolonged prothrombin time (PT 32.8 seconds,
normal range from 11 to 14 seconds) and active partial
thromboplastin time (APTT88.5 seconds, normal range from
25 to 36 seconds), and hypofibrinogenemia (0.23 g/L).
It was the key time to rescue her hepatic and renal function.
The comprehensive medical treatments including diuresis,
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hemostasis (antifibrinnolytic agents and prothrombin complex)
was used with antibiotics for controlling infection and a large
number of albumin for improving hypoproteinemia, and in
the meanwhile twice hemodialysis for getting rid of the toxic
metabolite and the much abundance of her body water were
performed. And so the renal and coagulative functions were
effectively improved with the increase of her urine volume
and the reduction of her whole body edema. However, the
improvement of her hepatic function was not significant, total
bilirubin remaining at 468 µmol/L. Therefore, it was decided
that the artificial liver support therapy, an advanced therapeutic
approach, was carried out and then the patient got better in her
liver function and clinical syndromes with a good appetite.
Through the hospitalization of about two mouths the patient
and her neonatus had gotten the best of care in our department
and pediatric department separately. Both of them were
discharged in good condition.

DISCUSSION
Viral hepatitis during pregnancy is common in China[5-13]. It is
one of the most dangerous conditions with a high mortality
both for the mother and her fetus, particularly when fulminant
hepatic failure occurred[2,3]. Severe hepatitis is the main cause
of FHFP in terms of the trimester of gestation[4]. The pregnant
woman with severe hepatitis presents frequently hypodynamia,
deep jaundice, coma, hypoproteinemia and sometime acute
renal failure [5]. The patient in this report had a 31-week
pregnancy developed severe hepatic dysfunction with deep
jaundice (TB 579.9 µmol/L, PTA 21.5%), and a positive antiHE-IgM in her serum, therefore severe hepatitis of pregnancy
with HEV infection was diagnosed. It was reported that there
were many viruses causing severe hepatitis of pregnancy, but
HEV and HBV were frequent, especially HEV infection. The
mortality rate was highest (56 %) among HEV infected FHF
cases during the third trimester of pregnancy[4, 14].
Intensive care facilities and an early diagnosis are essential
for the management of pregnant patient with severe liver
disease[1,2,14]. The key points for a successful therapy of them
are termination of the pregnancy on the proper time and the
control of their various complications. It was reported that the
severe hepatitis of pregnant woman was with a high mortality
rate, even up to 100 % if a postpartum massive hemorrhage
and hepatic renal syndrome occur. In this case she presented
the very severe hepatic dysfunction and coagulative
dysfunctions, and complicated with postpartum massive
hemorrhage, bacterial infection, hepatic encephalopathy and
hepatic renal syndrome meanwhile or continuously. Therefore
the treatments of her were usually very difficult and
contradictory.
We considered that the key points of the successful rescuing
the patient were on the proper time to adopt three important
therapeutic measures. The first was to perform decisively on
proper time the bilateral uterine artery embolism by the
intervention that is an advanced method with a smaller damage
in comparison of the complete hysterectomy and effectively
stopped the postpartum massive hemorrhage. The second was
to use twice hemodialysis by which removed the toxic
metabolite and the abundance of water and the proper
comprehensive medical treatments for the improvement of her
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renal and coagulative function. The third was to carry out in
time the artificial liver support therapy that provides a
temporary liver support and promotes the spontaneous liver
regeneration in the patient with the remove of toxic metabolic
products and the decrease of total bilirubin [15-18]. It was
suggested that the proper combination of these measures of
modern therapy would race against time for renewing of hepatic
and renal functions, and therefore a better outcome of treatment
was anticipated.
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hyperplastic polyp with no malignant component in any part.
The patient who was regarded cured is under periodic
endoscopic followed up. Clinically we transfused two bags of
blood and later continued with iron supplementation therapy.
Now, the patient is quite well with hemoglobin level of 13.5
gr/dl and has no signs of gastric outlet obstruction, freely
consumes a normal diet.

Abstract
We present here a large (3 cm) hyperplastic gastric polyp
prolapsed into duodenum and caused outlet obstruction and
iron deficiency anemia in 60 years old male patient.
Endoscopic removal was performed successfully.
Alper M, Akcan Y, Belenli O. Large pedinculated antral
hyperplastic gastric polyp traversed the bulbus causing outlet
obstruction and iron deficiency anemia: endoscopic removal.
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INTRODUCTION
In the literature, it is rarely to see the patients with gastric outlet
obstruction due to prolapsing gastric polyps[1]. Inflammatory
fibroid polyp of the gastrointestinal tract is the type most
frequently reported [2]. We present here a large (3 cm)
hyperplastic gastric polyp prolapsed into duodenum and caused
outlet obstruction and iron deficiency anemia in 60 years old
male patient. Endoscopic removal was performed successfully.
CASE
A 60 years old man was admitted to hospital due to severe
fatigue, intermittent nausea and vomiting. Undigested food
might have been seen in the vomitus. His hemoglobin was 7.6
gr/dl, MCV: 65 and serum iron level: 35 (low); iron binding
capacity: 450 (high). All of aforementioned laboratory results
indicated that the patient was suffering from iron deficiency
anemia. Lower GIS barium enema examination and fiber
sigmoidoscopy revealed no pathologic change. In upper
endoscopy, initially we saw pyloric canal partially obstructed
by a smooth surfaced pili-like structure. When passed to bulbus
we observed a large polypoid mass. The biopsies taken were
reported as hyperplastic gastric polyp. After re-evaluation of
the endoscopic appearance by a second upper endoscopy, we
thought that the pili-like structure traversing the pyloric canal
might be a stalk of a polyp. Upon dragging the polyp with a
controlled force, we were able to bring the polyp back to
stomach. It was a pedinculated large antral polyp with a small
area eroded on it, which was a possible explanation for blood
loss. The polypectomy and removal was performed
successfully in toto. The gross appearance (Figure 1) and
microscopic examination (Figure 2) revealed a large

Figure 1 The macroscopic appearance of the polyp.

Figure 2 Hyperplastic polyp showing polypoid architecture,
foveolar hyperplasia, mild inflammation, and edema.
(H&E×200).

DISCUSSION
Histologically, hyperplastic polyp is characterised by a
markedly elongated foveolar region: the underlying glands
are usually mucous glands. There is a marked lamina propria
edema and inflammatory cell infiltration. The frequency of
hyperplastic gastric polyps is reported between 1.3 % and
28.3 % in different series of upper gastrointestinal
polypectomy [3,4]. Malignant transformation for hyperplastic
polyps is small but the risk may be little bit higher if the polyp
is more than 2 cm[5]. Among the gastric polyps causing outlet
obstruction, fibroid polyps are relatively more frequent.
Sporadic case reports with other histologic types are
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encountered like submucous lipoma[6]. To the best of our
knowledge, there is no hyperplastic gastric polyp with a size
of 3 cm originated in the antrum, crossed through the pylorus
and captured in the bulbus. Rösch et al, by now, reported one
case of hyperplastic polyp in duodenum formed as a heterotopia
of gastric mucosa[7]. But it was different from our case clinically
and with respect to place of formation. In our patient, a 3-cm
pedinculated polyp had formed in antrum, passed through the
pylorus while it was small. Later, it presumably enlarged in bulbus
so much that it was unable to go back to the stomach. We think so
because we hardly take back it to the stomach through pylorus.
Gastric polyps may intussusept to duodenum causing gastric
outlet obstruction. If the prolapsed polyp contains a functional
antral mucosa over it, that mucosa may keep secreting gastrin
due to being placed in the alkaline media of duodenum. In
turn this hypergastrinemia may lead to erosion of the prolapsed
polyp and blood loss[8]. Such an assumption could be valid in
our case too.
Consequently, large prolapsed polyps can be dragged into
stomach by easing the polypectomy procedure with a controlled
force, instead of performing it in bulbus, which is a narrower
space than stomach.
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Abstract
To review the inhibitory effect of preventive approaches on
recurrence after operation in patients with hepatocellular
carcinoma (HCC), we summarized all available publications
reporting randomized control trial indexed in PubMed. The
treatment approaches presented above included preoperative transcatheter arterial chemoembolization (TACE),
post-operative TACE, systemic or locoregional chemotherapy,
immunotherapy, Interferons and acyclic retinoic acid.
Although no standard treatment has been established,
several approaches presented promising results, which were
both effective and tolerable in post-operative patients. Preoperative TACE was not effective on prolonging survivals,
while post-operative TACE was shown with both diseasefree survival and overall survival benefits in some papers,
however, it was also questioned by others. Systemic
chemotherapy was generally not effective on prolonging
survival but also poorly tolerated for its significant toxicities.
Adoptive immunotherapy using LAK cells was proved to be
beneficial to patients’ survival in a recent paper. Interferon
α and Interferon β can inhibit recurrence in HCC patients
with HCV infection background, though the mechanism is
not fully understood. Acyclic retinoic acid was shown to
decrease multi-centric recurrence after operation, which was
reported by only one group. In conclusion, several adjuvant
approaches have been studied for their efficacy on recurrence
in HCC patients in randomized control trials; however, multicentric randomized control trial is still needed for further
evaluation on their efficacy and systemic or local toxicities;
in addition, new adjuvant treatment should be investigated
to provide more effective and tolerable methods for the
patients with HCC after operation.
Sun HC, Tang ZY. Preventive treatments for recurrence after
curative resection of hepatocellular carcinoma - A literature
review of randomized control trials. World J Gastroenterol
2003; 9(4): 635-640

http://www.wjgnet.com/1007-9327/9/635.htm

INTRODUCTION
Over the last two decades, the surgical techniques and perioperative care have been improved, and the operative death
(within 30 days after operation) decreased to 2.5 %[1], the 5year overall survival after curative resection of hepatocellular

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

IMPORTANT ISSUES RELATED TO EVALUATION OF
EFFICACY OF PREVENTION
It is difficult to compare the results among different RCTs
because of different study settings and patient collection;
therefore, several important issues should be addressed in
evaluation of efficacy of prevention of HCC recurrence.
The definition of “curative resection”
The most important issue is the definition of “curative
resection” of HCC, because, the definition will greatly affect
the recurrence rate. There is no consensus on this definition in
the literature. Some authors described it as “complete removal
of tumor tissues”[6]; others prefer to “complete removal of tumor
tissues plus a clear resection margin ≥1 cm on pathological
examination”[7]. And some authors used a strict criterion, in
which negative findings by angiography followed by LipiodolCT and ultrasound one or two months after resection were
also included[8]. The 1 year disease-free survival was 43.0 %
by the first criteria[6], and 59.1 % by the second[7], and 69 % by
the third[8]. The different definitions of curative resection and
their results are listed in Table 1.
Bias in patient collection
The clinicopathological characteristics of patients enrolled in
a study also influence the results. For example, tumor size,
which was regarded as the age of tumor, affects the recurrence
rates and survival after operation, thereafter, has great impact
on the results (Table 1).
Origins of recurrence
The origin of recurrence can be divided into two sources, unicentric and multi-centric origins [9] , which could be
discriminated by genetic markers, such as HBV integration
sites[9,10] or p53 mutation types[11]. Uni-centric origin can also
be named as intrahepatic metastatic recurrence or residual
tumor, which means metastatic lesion spread from the primary
main tumor, and left in the remnant liver. However, multicentric recurrence is a newly developed lesion in the cirrhotic
background. Generally two kinds of recurrences can be roughly
divided according to the time of appearance. Twelve months[12]
or 3-years[13] were set as a parameter to distinguish them by
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Wu et al have studied the effect of pre-operative TACE
(preTACE) on resetability and curability in management of
huge resectable HCC. Although preTACE induced tumor
shrinkage as expected, the shrinkage of tumor didn’t result in
an easy operation, on the contrary, the preTACE group had a
longer operative time, more blood loss, more extra-hepatic
metastasis, higher possibility of invading adjacent organs by
tumors and removal of adjacent organs; furthermore, the
disease-free survival (DFS) in preTACE group was not
statistically different with that in the control group, the overall
survival (OS) was even worse than that in control group. The
author suggested that preTACE delayed the resection, which
may leave tumor more time to develop intra-hepatic or distant
metastasis; in addition, preTACE can’t eliminate tumor cells
completely, therefore, preTACE for resectable huge HCC was
not recommended[16].
In another study by Yamasaki et al, the efficacy of preTACE
on small HCC was tested. The results confirmed that preTACE
induced necrosis in tumor, but the results demonstrated again
that it didn’t improve the DFS, because preTACE was not
capable to inhibit the intrahepatic micrometastatic lesions and
tumor thrombus in microvessel[17].
The first RCT study on post-operative TACE (postTACE)
was reported by Izumi et al in1994. The authors enrolled 50
patients after curative resection of HCC with blood vessel
involvement or intra-hepatic spreadings. The results showed
that both DFS rate and DFS time were higher in postTACE
group than those in control group. However, 1 and 3-year OS
rates were similar in both groups (58.8 % vs 63.5 %; 30.5 % vs

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

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

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

Kubo[144]
Lau[77]
Tang[155]
Poon[12]
Izumi[6]
Lai[8]

Average tumor size

2.6 cm
3.8 cm
<5 cm, complete tumor
capsule, without portal
vein involvement
>5 cma
>5 cma
10.4 cm

Definition of curative resection
Complete removal
in operation

Negative in histology Negative in poston surgical margin
operative exams

1 year RR

1 year DFS

1 year OS

Yes
Yes
Yes

No
Yes
Yes

Yes
No
No

25%a
NA
6.5%

NA
59.1%
NA

92%
86.4%
NA

Yes
Yes
Yes

No
No
No

No
No
Yes

46%
51.7%
20-30%

NA
43.0%
69.0%

55.5%
81.0%
75%*

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

a

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

Tumor factors

Treatment protocol

Sample size
(Tx/Ctl)

Observation
time

Wu[18]

>10 cm; resectable

Pre-operative TACE

52 (24/28)

2-10 years

Yamasaki[19]
Izumi[6]

2-5 cm; Single
With vessel
involvement or
intrahepatic spreading

Lai[8]

Negative in lipiodol
CT, angiography and
ultrasound one month
after operation
Surgical
margin ≥1 cm

Pre-operative TACE
97 (50/47)
Post-operative TACE,
50 (23/27)
once L 3ml/m2+A
20mg/m2+M
10mg/m2+G or:
L 2ml/m2+A+M
Post-operative TACE,
66 (30/36)
3 times L 10ml+C
10mg+EA(40mg/m2 iv×8)
Post-operative TACE
I131 Lipiodol

Lau[7]

43 (21/22)

DFS
(Tx vs Ctl)

OS
(Tx vs Ctl)

Conclusions

3-year
31% vs 62%a
NA
3-year
56.6% vs 53.4%

Harmful

4-6.6 years
28.7 Months
(median)

3-year
39% vs 46%a
39.1% vs 31.1%
3-year
32% vs 11.7%

Median 28.3
months

3-year
18% vs 48%

3-year
65% vs 67%a

Harmful

14.1-69.7
months

3-year
74.5% vs 36%

3-year
Beneficial
84.4% vs 46.3%

Not effective
Postpone
recurrence,but
change over
all survival

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

Systemic or locoregional chemotherapy
Systemic chemotherapy is generally not effective in most cases
with HCC[18], only a few papers showed a favorable results of
systemic chemotherapy [19]. Here is a summary of RCTs
studying post-operative systemic and locoregional
chemotherapy (Table 3).
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Yamamoto et al studied systemic chemotherapy using
HCFU 200 mg bid as a adjuvant treatment for the patients
after curative resection of HCC. The result showed that
systemic chemotherapy was effective in a subgroup of patients
with mild cirrhosis and good liver function, but not effective
in a subgroup of patients with severe cirrhosis and poor liver
function. The authors discussed that systemic chemotherapy
inhibited the growth of micro-metastatic lesions existing before
operation or multi-centric carcinogenesis after operation, but
jeopardized liver function as well, which resulted a negative
effect on both OS and DFS, especially in patients with poor
liver function reserve[20].
Kohno et al studied the result of an aggressive treatment
combining systemic and one course of transcatheter arterial
chemotherapy (TAC). There was no obvious side-effect of this
treatment. However, the results showed this combination
treatment did not improve the 3 and 5-yearOS and DFS
compared with the control group with UFT treatment alone,
and another control group without any specific treatment[21].
Ono et al’s treatment protocol was even more aggressive
with combining systemic and multiple courses of TAC,
however, the result was still negative. Furthermore, very
aggressive protocol was intolerable to most enrolled patients,
and too many cases withdrew from this study[22].
Ueno et al’s study showed multiple courses of TAC
improved DFS after curative resection of HCC. The flaw of
this study is too small sample size[23].
A recent meta-analysis also showed that systemic
chemotherapy was not effective or even harmful as an adjuvant
treatment in patients after resection of HCC[24]. Another metaanalysis showed that TAE (transcatheter arterial embolization)
improved OS after resection of HCC compared with TAC, and
no evidence showing TACE was more effective than TAE[25],
which implied a very limited benefit of locoregional
chemotherapy introduced by TACE overtopping TAE alone.
From the above data, it is suggested that systemic or
locoregional chemotherapy didn’t inhibit the recurrence, and
the tolerance was another important factor influencing the results.

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

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

Entry criteria

Treatment protocol

Sample size
(Tx/Crl)

Observation
time

DFS (Tx vs Ctl) OS (Tx vs Ctl)

Conclusions

Yamamoto[20]

Liver cacner study
group of japan for
UICC stage II HCCa

HCFU
200mg, bid

67(32/35)

6-10 years

Kohno[21]

NA

Stage I cirrhosis
79% vs 70%
Stage II cirrhosis
59% vs 57%c
NA

Beneficial only to
patients with
Stage I liver
dys function
Not effective

Ono[22]

NA

24 months

NA

NA

Not effective,with
poor tolerance

Ueno[23]

NA

UFT 300mg, qd vs
88 (40/48)
UFT 300mg, qd+A
(ia, 40mg/m2, once)
A 40mg/m2 ia and
56 (29/27)
40mg/m2 iv every
3 months for 2 years,
and HCFU 300mg
qd for 2 years
CDDP 50-80mg and
21 (11/10)
MMC 10mg ia, 2-3 times

Stage Ib cirrhosis
62% vs 32%
Stage II cirrhosis
0% vs 0%c
3-year
37% vs 32%

>1 year

70% vs 20%c

NA

Beneficial

NA

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

April 15, 2003 Volume 9 Number 4

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

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

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

Une[30]
Kawata[31]
Lygidakis[32]
Takayama[1]

Entry criteria

Treatment protocol

NA
NA
NA

A ia vs A+LAK and IL2 ia
A ia vs A +IL2+LAK ia
No Tx vs
Chemoimmunotherapy
Completely remove; LAK IV at the 2nd,
histologically negative 3rd, 4th, 12th, 24th week
in surgical margin
after operation

Sample size
(Tx/Ctl)

Observation
time

DFS
Tx vs Ctl

OS
Tx vs Ctl

24(12/12)
24(12/12)
40(20/20)

NA
NA
NA

155 (76/79)

>5 years

50% vs 8.3%
NA
NS
NA
Recurrence:
NA
0/18 vs 7/17
3-year
5-year
48% vs 33%
68% vs 62%
5 year 37% vs 22%

Conclusions

Beneficial
Not beneficial
Beneficial
Beneficial

ia: intra-arterially; iv: intravenously; NA: not available; NS: not significant; DFS: disease free survival; OS: overall survival; Tx:
treatment; Ctl: control; LAK: lymphokine activated killer cells; NA: not available.
Table 5 Summary of RCTs of Interferon treatment
Authors

Entry criteria

Tx protocol

Ikeda[35]

Complete remove by
resection or PEI
Complete remove,
negative in CT scan 3-4
weeks after operation

IFNβ 6MU im
20(10/10)
biw×36 months
IFNα 6MU biw×2
30(15/15)
weeks then tiw×14
weeks then biw×88 weeks

Kubo[14,36]

Sample size

Observation time

DFS
Tx vs Ctl

OS
Conclusions
Tx vs Ctl

2-34.6 months

1 year
0% vs 62.5%
Recurrence
9/15 vs 13/15
P=0.041

NA

Beneficial

NA

Beneficial

1817 days (Tx)
and 1487 (Ctl)

Table 6 Summary of RCTs of acyclic retinoic acid
Authors

Entry criteria

Tx protocol

Sample size

Observation time

Recurrence
Tx vs Ctl

OS
Tx. vs Ctl

Muto[37,38]

Complete removal by resection
or PEI, negative in postoperative
Ultrasound or CT

ARA
300mg, bid

89(44/45)

62 months
(Median)

27% vs 49%
(P=0.04)

6 year
Beneficial
74% vs 46%

Tx: treatment; Ctl: control; OS: overall survival.

Conclusions

Sun HC et al. Review of RCT for prevention of recurrence in HCC

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

Acyclic retinoid acid
Retinoid acid is a inducer of differentiation. All-trans retinoic
acid has been successfully used to treat a subtype of leukemia.
Muto et al reported a serial results in patients with HCV-related
HCC treated by post-operative acyclic retinoic acid (ARA),
and showed long term ARA treatment improvement in OS and
DFS[37,38]. A further study revealed the mechanism of ARA
treatment was through inhibition of second primary liver cancer
by deletion of a latent clonal hepatoma cells[39] (Table 6).
SUMMARY
A number of preventive treatment protocols to inhibiting
recurrence after curative resection of HCC have been evaluated
by RCT. Although no standard treatment has been proven to
be effective to all patients, several approaches presented
promising results, which were both effective and tolerable in
post-operative patients. Generally systemic and locoregional
chemotherapy or combined with embolization was not as
effective as expected, meanwhile the side-effects, such as
downstaging of liver function was noticed in this treatment;
however, biological treatment approaches showed a better
outcome, but need more evidence before being accepted widely.
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Abstract
Chronic hepatitis B virus (HBV) infection can cause a broad
spectrum diseases, including from asymptomatic HBV carriers
or cryptic hepatitis, to acute hepatitis, chronic hepatitis, Liver
cirrhosis and primary hepatocellular carcinoma. The variable
pattern and clinical outcome of the infection were mainly
determined by virological itself factors, host immunological
factors and genetic factors as well as the experimental
factors. Among the human genetic factors, major candidate
or identified genes involved in the process of HBV infection
fall into the following categories: (1) genes that mediate
the processes of viral entry into hepatocytes, including genes
involved in viral binding, fusion with cellular membrane and
transportation in target cells; (2) genes that modulate or
control the immune response to HBV infection; (3) genes
that participate in the pathological alterations in liver tissue;
(4) genes involved in the development of liver cirrhosis and
hepatocellular carcinoma associated with chronic HBV
infection, including genes related to mother-to-infant
transmission of HBV infection; and (5) those that contribute
to resistance to antiviral therapies. Most of the reports of
human genes associated with HBV infection have currently
focused on HLA associations. For example, some investigators
reported the association of the HLA class II alleles such as
DRB1*1302 or HLA-DR13 or DQA1*0501-DQB1*0301DQB1*1102 haplotypes with acute and/or chronic hepatitis
B virus infection, respectively. Several pro-inflammatory
cytokines such as Th1 cytokines (including IL-2 and IFN-γ)
and TNF-α have been identified to participate the process
of viral clearance and host immune response to HBV. In
contrast, the Th2 cytokine IL-10 serves as a potent inhibitor
of Th1 effector cells in HBV diseases. The MBP polymorphisms
in its encoding region were found to be involved in chronic
infection. Thus, reports from various laboratories have shown
some inconsistencies with regard to the effects of host
genetic factors on HBV clearance and persistence. Since
genetic interactions are complex, it is unlikely that a single
allelic variant is responsible for HBV resistance or
susceptibility. However, the collective influence of several
single nucleotide polymorphisms (SNPs) or haplotype (s)
may underlie the natural combinational or synergistic
protection against HBV. The future study including the multicohort collaboration will be needed to clarify these preliminary
associations and identify other potential candidate genes.
The ongoing study of the distributions and functions of the
implicated allele polymorphisms will not only provide insight

into the pathogenesis of HBV infection, but may also provide
a novel rationale for new methods of diagnosis and
therapeutic strategies.
Wang FS. Current status and prospects of studies on human
genetic alleles associated with hepatitis B virus infection. World
J Gastroenterol 2003; 9(4): 641-644
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is one of the most
common infectious diseases and leads to high morbidity and
mortality due to the development of liver cirrhosis (LC) and
hepatocellular carcinomas (HCC). It is estimated that HBV is
present in a reservoir of more than 130 million chronic carriers,
representing more than 10 % of Chinese population [1]. In
particular, more than 23 million of Chinese HBV-infected
subjects clinically manifest liver damage with abnormally
elevated ALT levels and HBV active replication. Generally,
exposure to HBV can cause a broad spectrum ranging from no
infection to different clinical conditions[2]. What produces the
individual or ethnic differences in infection, severity, and
outcome? The reasons for this variation in the natural history
of HBV infection are not fully understood, but are
environmental factors and the following: (1) Virological factors
such as viral load, genotype, and genetic divergence due to
viral gene mutations. HBV mutates very rapidly and uses high
genetic variability as an effective mechanism for escaping the
host immune response[3]. (2) Immunological factors including
the innate and adaptive immune responses against viral
infection, which play important roles in modulating both the
antiviral immune response and host susceptibility to HBV. The
rapid mutations in HBV epitopes recognized by HBV-specific
CTLs may cause both humoral and cell-mediated virus-specific
immune responses to quickly lose their ability to efficiently
control the virus[4,5]. (3) The host genetic factors are believed
to be responsible for clinical outcomes of many infectious
diseases[6-9].
In the last decade, the virological and immunological factors
of HBV have been extensively studied, but the examination of
the relationship between host genetics and HBV resistance is
still in its infancy[10-12]. Therefore, this review focuses on the
recent progress in study of human genetic alleles associated
with chronic HBV infection, and discuss the unanswered
questions and future directions in this field.
HOST GENETIC FACTORS INVOLVED IN HBV INFECTION
HBV-infected subjects generally fall into one of the following
clinical types: (1) asymptomatic HBV carriers and cryptic
hepatitis; (2) acute hepatitis; (3) chronic hepatitis; (4) liver
cirrhosis with or without decompensated liver failure; and (5)
primary hepatocellular carcinoma associated with HBV
infection[2,13]. However, the pattern and clinical outcome of
the infection are highly variable. Why is this? Previous
epidemiological investigation in humans suggests that there is
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a strong genetic component to affect the individual
susceptibility to infectious pathogens[14-16], although to date,
no single allele has not been clearly associated with HBV
persistence or disease severity. However, the following reflects
individual and ethnic differences in response to HBV infection.
(1) Infection with the same HBV virus has been found to cause
various clinical outcomes in patients. In adults suffering
from primary HBV infection, 90-95 % of the subjects can
successfully clarify the virus through self-limiting hepatitis
and only 5-10 % of adults become chronic HBV carriers[17].
Among the chronically infected subjects, 20-30 % lead to
liver cirrhosis and -5 % develop hepatocellular carcinoma
through a long-term disease progression. Of teen-ager
subjects that acquire HBV infection from either perinatal
or horizontal transmission, more than 90 % develop chronic
infection. In China, mother-to-child transmission of HBV
was once a common source of chronic infection.
(2) The long-term follow-up studies indicate that some
individuals in high-risk groups (e.g. spouses in HBVinfected families) never develop the disease. This suggest
the existence of an individual-specific resistance to HBV
infection[1,3].
(3) There is a different incidence and infection rate among
global ethnic groups. HBV infection is significantly
endemic in Asia and Africa, and there is a significantly
higher incidence of chronic HBV infection in Chinese
compared to Caucasians[18].
(4) In clinic, HBV-infected individuals may display complete,
partial or no response to interferon-a or Lamivudine
antiviral therapy alone or in combination.
(5) Around 85 % of healthy subjects can produce the efficient
protective anti-HBsAg antibody upon the HBV vaccination,
while remaining fail.
The above-mentioned data suggests that the knowledge of
understanding human genetic factors may provide critical clues
not only to the ethnic diversity of HBV infection, but also to
the issue of disparity in therapeutic response[19]. The human
genome project has indicated that there are approximately
thirty-five thousand genes in the human genome. Many of these
alleles contain polymorphisms such as single nucleotide
polymorphisms (SNPs) within the encoding or flanking regions.
It is estimated that there are 3.5 million SNPs within human
genome and there are likely to explain much of the genetic
diversity of individuals and ethnic groups[13]. If a specific SNP
version is associated with a favorable outcome and low risk of
progression of HBV infection and liver disease, the allele may
be considered an ‘HBV resistant’ allele. Conversely, a version
of the SNP that confers an unwanted HBV phenotype (quick
disease progression or high risk of severe infection) may be
called a ‘HBV susceptible’ allele. Current research is focusing
on the hunt and identification for these alleles.

SELECTION OF CANDIDATE ALLELES
Two strategies are currently used in the study involving genetic
markers associated with disease phenotypes. The candidate
gene method is the typing of markers located near genes that
could be chemically related to the disease in question [20].
Conversely, a genome-wide search scans markers throughout
the whole genome in search of chromosomal regions that could
be associated with disease susceptibility or resistance. The
choice of candidate genes for the first method is strongly
determined by the function (or putative function) of the gene
and its possible role in the host response to HBV infection and
disease progression. Major genes involved in the process of
HBV infection can be identified by characterizing host response
to HBV exposure such as clinical response, biological response
(intensity of infection), and immunological response (levels
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of antibodies, cytokines or cell-mediated response against
HBV)[10]. These biological processes may then suggest genes
of interest for screening. Many of the candidate genes fall into
the following categories: (1) genes that mediate the processes
of viral entry into hepatocytes, including genes involved in
viral binding, fusion with cellular membrane and transportation
in target cells; (2) genes that modulate or control the immune
response to HBV infection; (3) genes that participate in the
pathological alterations in liver tissue; (4) genes involved in
the development of liver cirrhosis and hepatocellular carcinoma
associated with chronic HBV infection, including genes related
to mother-to-infant transmission of HBV infection; and (5)
those that contribute to resistance to antiviral therapies[19,20].
This study is still in its early stages, and much more remains to
be done on candidate genes, including the clarification of
sequence, identification of mutant SNPs, functional evaluation
of SNPs, and evaluation of their association with diseases.

ADVANCES ASSOCIATED WITH INDIVIDUAL GENETIC
SUSCEPTIBILITY TO HBV INFECTION
Some candidate gene work has been completed at this time.
Since both chemokine receptor and HLA genes play critical
roles in host immune response to viral infection, they are among
the first HBV candidate genes screened.
HLA class I and II alleles
The genes for HLA class I (HLA-A, -B, and -C) and class II
(HLA-DRB1, -DQA1, -DQB1, -DPA1, and -DPB1) are located
on the short arm of chromosome 6. As the primary modulator
of host immune response, the HLA molecules present foreign
antigens to both the CD4+ T lymphocytes and the CD8+
cytolytic T cells, leading to both humoral and cell-mediated
immune response. The majority of the human genetic studies
associated with HBV infection has focused on HLA
associations[21]. Thursz et alinvestigated a large cohort of
pediatric patients from Gambia and identified the association
of the HLA class II allele DRB1*1302 with a self-limiting
course of acute hepatitis B[23,24]. Hohler et al[17]. confirmed the
effect of DBR1*1302 in Gambian adults that seemed to clear
the HBV infection in vivo. Thio et al [25] examined the
DQA1*0501, DQB1*0301 and DQA1-DQB1 haplotypes and
found the haplotype cluster of DQA1*0501-DQB1*0301DQB1*1102 had a significant association with viral
persistence. However, Zavaglia et al reported that no
correlation could be observed between the clearance of HBV
or HCV virus and HLA phenotypes[22]. Recently, Diepolder et
al reported that HLA-DR13 allele is less frequent in patients
with chronic hepatitis B than in healthy controls or subjects
with a self-limiting hepatitis B [26]. Additional study has
confirmed a strong association between the HLA class II allele
DR13 and a self-limiting course of acute HBV infection. Rapid
progression to chronic hepatitis B is rare in these patients,
suggesting that patients with HLA-DR13 can mount a more
vigorous CD+ T cell response to HBV core antigen during
acute HBV infection. The beneficial effect of HLA-DR13 allele
on the outcome of HBV infection may either be the result of
more proficient antigen presentation by the HLA-DR13
molecules themselves or of a linked polymorphism in a
neighboring immunoregulatory gene. To date, no associations
between HLA class I alleles and the viral persistence or disease
progression in HBV-infected patients was found, though class
I molecule mediates the cytotoxic T lymphocyte (CTL)
response through the cytolytic and noncytolytic mechanisms[13].
Future studies have to investigate whether one of these
polymorphisms or a yet unidentified immunoregulatory gene
is possibly associated with a more successful immune response
against HBV[27].
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Cytokine and chemokines
Since individual variation in cytokine release is predominantly
caused by polymorphisms near or within the genes [28,29],
heterogeneity of the candidate gene in HBV-infected patients
serves as a probable biomarker for influence the disease
phenotypes. Several pro-inflammatory cytokines such as Th1
cytokines (including IL-2 and IFN-γ) and tumor necrosis factoralpha (TNF-α) have been identified as participating in the viral
clearance and the host immune response to HBV. In contrast,
the Th2 cytokine IL-10 serves as a potent inhibitor of Th1
effector cells[30].
Tumor necrosis factor (TNF)-α is an important cytokine
involved in noncytotoxic antiviral mechanisms[31]. This gene
is located within the class III region of the MHC complex and
has five polymorphisms in its promoter region, located at
positions -1031(T/C), -863(C/A), -857(C/T), -308(G/A) and 238(G/A) respectively [negative numbers represent number
of bases upstream from the transcription initiation site][32,33].
Miyazoe et al reported the TNF-α gene promoter
polymorphisms were not linked to disease progression in HBV
carriers in Japan[34], however both Hohler[35,36] found that the
two polymorphisms such as -308(G/A) and -238(G/A) were
significantly associated with HBV or HCV persistence in
patients. It is thought that the polymorphism influences the
expression of TNF-α, which may block HBV gene expression.
Similar to TNF-α, IFN-γ clears HBV in vivo by a noncytolytic
effect. Hoffmann et al[18]. showed that the Asian population
contains more IFN-γ genotypes that result in low expression
than do Caucasian populations, which suggests the possibility
of an association between low IFN-γ expression in the highly
HBV-susceptible Asian population.
The promoter region of IL-10 gene contains three SNPs at
position -1082 (A/G), -819 (T/C), and -592 (A/C), which may
assort into three different haplotypes[37]. Miyazoe et al analyzed
the distributions of TNF-α and IL-10 promoter SNPs in
Japanese HBV-infected petitents and found that the -819T and
-592A wild-type alleles in the IL-10 gene promoter were
significantly more common in asymptomatic carriers than in
patients with chronic progressive liver diseases[32], suggesting
that inheritance of the IL-10 gene promoter polymorphisms is
relevant to progression in chronic HBV infection, perhapse
due to decreased IL-10 production induced by -819T and 592A haplotype allele.
Mannose binding protein (MBP)
MBP is a calcium-dependent opsonin that plays an important
role in innate immunity by activating the classical complement
pathway and phagocytosis. There are three identified
polymorphisms in the MBP gene encoding region (in codons
54, 57 and 52), leading to low serum concentrations and thus
abolishing its ability to affect host immunity because of an
opsonic defect. The middle surface protein of HBV viral
envelope contains a mannose-rich oligosaccharide to which
MBP could potentially bind. Thomas et al showed that 27 %
of Caucasian patients chronically infected with HBV were
homozygous or heterozygous for the codon 52 mutant allele
whereas only 11 % of patients with acute infection and 4 % of
controls carried the wild type allele, which suggests that the
codon 52 mutant gene has been associated with persistence of
HBV infection [38]. The higher frequency of the codon 52
mutation among the HBV patients than among controls is
probably consistent with the fact that the mutation leads to the
failure of opsonisation and phagocytosis of HBV. Yuen et al[39].
reported that the codon 54 mutation was associated with
symptomatic persistent viral infection in Chinese patients. In
German Caucasians and Gambians, these MBP polymorphisms
were not associated with chronic infection[40].
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Vitamin D receptor, cytochrome P450 and Complement four
associated with HBV infection
The active form of vitamin D is an immunomodulatory
hormone that inhibits the Th1 response and activates the Th2
immune reaction. Bellamy et al. studied two known Vitamin
D receptor gene polymorphisms in Gambian HBV-infected
patients and found that the tt genotype of one polymorphism
was associated with viral clearance[41].
Thus far, reports from various laboratories have shown some
inconsistencies with regard to the effects of host genetic factors
on HBV clearance and persistence. This ambiguity may be
attributable to one or more of the following reasons: (1) a
complex interaction between the virus and host multiple alleles;
(2) the ethnic differences in the studied groups; (3) an
association with a gene in linkage disequilibrium with an HLA
allele. Therefore, a global multicort studies may be needed to
integrate the genetic data and the clinical data for fully
clarification of underlying immunogenetic pathogenesis of
HBV infection. In addition, further candidate genes must be
identified and screened for associated polymorphisms.
PROSPECT FOR STUDY OF HBV RESISTANCE ALLELES
A growing body of evidence related to the genetic effects on
infectious diseases has shown only a fraction of the total picture.
The most successful example is the identification of CCR5
delta32 allele in HIV-1 infection[8,42]. Since genetic interactions
are complex, it is unlikely that a single allelic variant is
responsible for HBV resistance or susceptibility[43]. However,
the collective influence of several SNPs or haplotype(s) may
exert the natural combinational or synergistic protection against
HBV. Recently developed genetic epidemiology strategies and
dense genome-wide search, together with the growing
availability of candidate alleles and suquence information
supply a basic platform for identifying genes associated in HBV
infection. These investigations will depend on the interactions
of many different factors including the viral phenotypes,
population traits, accurate measurement of environmental
factors, and previous knowledge. Genetic resistance to HBVinduced persistent hepatitis is likely to involve a complex array
of host genetic effects involving multiple variants and
haplotypes. Because of this, future study including the
multicohort collaboration will be needed to clarify these
preliminary associations and identify other potential candidate
genes[20]. In addition, it will be necessary to functionally
characterize the identified associated genes, such as versions
of HLA molecules and MBP, and see whether the mutations
have functional significance in terms of individual susceptibility
to HBV infection. The ongoing study of the distributions and
functions of the implicated allele polymorphisms will not only
provide insight into the pathogenesis of HBV infection, but
may also provide a novel rationale for new methods of
diagnosis and therapeutic strategies[44].
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Abstract
AIM: To investigate the alteration of the annexin I subcellular
localization in esophageal squamous cell carcinoma (ESCC)
and the correlation between the translocation and the
tumorigenesis of ESCC.
METHODS: The protein localization of annexin I was
detected in both human ESCC tissues and cell line via the
indirect immunofluorescence strategy.
RESULTS: In the normal esophageal epithelia the annexin
I was mainly located on the plasma membrane and formed
a consecutive typical trammels net. Annexin I protein also
expressed dispersively in cytoplasm and the nuclei without
specific localization on the nuclear membrane. In esophageal
cancer annexin I decreased very sharply with scattered
disappearance on the cellular membrane, however it
translocated and highly expressed on the nuclear membrane,
which was never found in normal esophageal epithelia. In
cultured esophageal cancer cell line annexin I protein was
also focused on the nuclear membrane, which was consistent
with the result from esophageal cancer tissues.
CONCLUSION: This observation suggests that the
translocation of annexin I protein in ESCC may correlate
with the tumorigenesis of the esophageal cancer.
Liu Y, Wang HX, Lu N, Mao YS, Liu F, Wang Y, Zhang HR, Wang
K, Wu M, Zhao XH. Translocation of annexin I from cellular
membrane to the nuclear membrane in human esophageal
squamous cell carcinoma. World J Gastroenterol 2003; 9(4):
645-649

http://www.wjgnet.com/1007-9327/9/645.htm

INTRODUCTION
Annexin I is a member of annexins, an evolutionary conserved
multigene family, which are calcium and phospholipid-binding
proteins. Annexins consist of a conserved C-terminal domain
that confers calcium-dependent phospholipid binding and a
variable N-terminal domain that is responsible for the specific
properties of each annexin I[1,2]. As a steroid-regulated protein
annexin I has been found to participate in the cell differentiation
and anti-inflammatory effects[3, 4]. It is also a major substrate
of EGF receptor, which related to endocytic trafficking and
sorting of EGFR in multivesicular endosomes[5]. The annexin
I modulates the signal transduction through MAPK/ERK
pathway and, specifically, inhibits the activities of
phospholipase A2 [6, 7]. Recent studies describe increased
expression of annexin I in human hepatocellular carcinoma
but it is absent in several types of carcinomas, such as human
esophageal cancer and prostatic neoplasm[8, 9]. We have found
that annexin I is clearly lost in ESCC, a kind of major diseases
and the 4th killer of malignant tumors in China, and it seems
that the annexin I protein plays an important role in the
carcinogenesis.
It is well known that the protein subcellular localization is
a very important way to better understand protein functions.
The alteration of protein subcellular localizations and the
membrane trafficking will facilitate the specific cellular
functions as well as signal transduction. To detect the
subcellular localizations of annexin I in both normal epithelia
and ESCC mucosa will give us some clues to address the
functions of annexin I in malignant tumors.
MATERIALS AND METHODS
Materials
Tissues specimens The esophageal specimens used for
immunohistochemical (IHC) staining were obtained from
patients who presented to the Cancer Hospital of Chinese
Academy of Medical Sciences, Beijing, China and were
diagnosed as esophageal squamous cell carcinoma without
chemotherapy and radiotherapy by two senior pathologists.
After surgical resections the specimens were fixed in 70 %
ethanol or 40 mg·L-1neutral formalin and embedded in paraffin.
Cell line Human ESCC cell line, EC0156 was generated in
our laboratory from an ESCC tissue.
Antibodies Commercial available antibodies included annexin I
monoclonal antibody (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA), goat anti-mouse TRITC and goat anti-mouse FITC
antibodies (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA, USA). All other reagents were of analytical grade.
Methods
Cell cultures The human esophageal cancer cell line EC0156
was cultured in Dulbecco’s modified Eagle’s medium (DMEM)
with 10 % fetal bovine serum and antibiotics (penicillin and
streptomycin) at 37 in a humidified atmosphere with 5 % CO2.
Indirect immunofluorescence staining[10] For immunostaining,
EC0156 cells were grown on glass-coverslips at 80 %
confluence and fixed in 4 % paraformaldehyde in 100 mmol·L-1
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PBS (pH=7.4) for 15 min at room temperature. After three
washes with the buffer (25 mmol·L-1 HEPES, 1 mmol·L-1 CaCl2,
1 mmol·L-1 MgCl2 and 10 g·L-1 BSA), the paraffin embedded
tissue sections were deparaffinized and hydrated through
xylenes and graded alcohol series, and then rinsed for 5 min in
water. The fixed cells and deparaffinized tissue sections were
incubated in blocking solution (0.1 % horse serum and 0.06 %
Triton-X 100 in PBS) for 1 hour to decrease the non-specific
binding of the antibodies and to improve the penetration of
the antibodies through membranes. The blocking solution was
also used for diluting the primary and secondary antibodies.
After 1 hour, the blocking solution was changed for the primary
antibody solution (anti-annexin I monoclonal antibody was
diluted to 1:200 and PBS was used as negative control) and
the cells were incubated at 4 overnight. After three washes,
cells and tissues were incubated with the fluorescence-labeled
secondary antibodies (1:300 diluted goat anti-mouse TRITC
or the goat anti-mouse FITC) for 30 min at room temperature.

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

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

B

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

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

A

B

C

D

E

F

Figure 2 The translocation of annexin I protein in ESCC. Paraffin-embedded tissue sections of ESCC were detected with antiannexin I antibody and annexin I protein was labeled by TRITC-conjugated secondary antibody. The fluorescence image was
visualized under a fluorescence microscope (Olympus BX51, Japan). An H & E staining was performed (a 200×; c 400×). A
hyperplasia of esophageal epithelia were shown in Figure 2 (a and b, b 200×) and there were basal papillae displaying boundary area of the epithelium, which consecutively expressed annexin I formed the typical trammel net on the cellular membrane.
Annexin I protein was decreased sharply and translocated from cellular membrane to the nuclear membrane (d 200×; e 400×; f
400×). The yellow arrows showed the nuclear membrane localization of annexin I in ESCC and all of the materials were from a
same ESCC case.

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

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

B

C

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

DISCUSSION
Annexin I protein belongs to a family of calcium-dependent
phospholipid-binding proteins whose functions are presumed
to participate in various membrane related events including
membrane fusion in exocytosis and endocytosis as well as
membrane organization. Previously studies have reported that
in human epidermis annexin I was stained in a granular pattern
in the monolayer but in an envelope pattern in the stratified
keratinocytes[11]. The subcellular localization of annexins in
rat was mainly found in the cytoplasm and nucleus of the
mesangial cells[12], and in cytoplasm of mast cells[13]. By the
localization of annexin I, II, VI and XIII in epithelial cells of
intestinal, hepatic and pancreatic tissues of the rabbit, MasseyHarroche et al [14] showed that the basolateral domain of
polarized cells appears to be the main site where annexins are
located, and annexins may therefore be involved in the
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important cellular events occurring at this level. It suggests
that the different localizations of annexin I contribute to its
versatile functions.
Recently it has been found that annexin I is drastically downregulated in esophageal cancer and assumed that the it may
play a key role in the tumorigenesis of ESCC[8,15, 16]. To gain
the insight into the localization of annexin I, its relationship
with the processing of esophageal cancer and the possible
functions of this protein, we investigated the subcellular
localization of annexin I in ESCC cell line, normal and cancer
esophageal epithelia by indirect immunofluorescence strategy.
It was found that annexin I was mainly located on the
membrane of the normal esophageal epithelia in granular
pattern and formed a typical trammel net between the
esophageal epithelia. Annexin I also expressed dispersively in
the nuclei and cytoplasm without specific localization on the
nuclear membrane. However, on the cellular membrane of
ESCC the beautiful trammel net of annexin I had been broken
and the holes on the net had been fused together. The expression
of annexin I on the cellular membrane and nuclear plasma
decreased very sharply, and the protein distributed unequally
with scattered disappearance. Meanwhile, the nuclear
membrane localization of annexin I had been appeared and
increased obviously, which was never been found in normal
esophageal epithelia. Additionally the distribution of annexin
I on the human esophageal cancer cell line, EC0156 was also
distinctly focused on the nuclear membrane. This finding
suggests that the translocation of the subcellular localization
of annexin I may be correlated with the tumorigenesis of ESCC.
An IHC analysis of annexin I in ductal epithelial cells of various
human breast tissues indicated that this annexin was not
demonstrable in both the ductal luminal cells of normal breast
and benign tumors, but was generally expressed in various types
of breast cancer. Therefore it is most likely involved in an early
stage of human breast cancer development. Annexin I expression
might also correlate with breast cancer progress[17].
Annexin I appeared to be cleaved by neutrophil elastase at
the N-terminal portion between Val-36 and Ser-37 to yield a
33 kDa protein. Cleavage of the N-terminal portion of annexin
I was accompanied by a marked change in the annexin I
isoelectric point (pI) value (from 6.0 to 8.5-9.0) and greatly
diminished its functional activities. The findings demonstrate
that annexin I degradation in epithelial lining fluid is closely
related to lung inflammation[18].
The mechanisms of annexin I localization are a complexity.
A study showed calcium induced translocation of annexin I
into subcellular organelles and secretory vesicles in human
neutrophils, which suggested annexin I might contribute to
the secretory process in neutrophils[19]. Other studies also
showed that dexamethasone and IL-6 could affect the
localization of annexin I. In A549 human adenocarcinoma cell
line dexamethasone could inhibit EGF-stimulated cytosolic
PLA2 activation and arachidonic acid release. Annexin I
participated in this regulated pathway. Dexamethasone induced
annexin I phosphorylation and translocation mediated by
glucocorticoids receptor, then brought about a competition
between annexin I and Grb2 leading to a failure of recruitment
of signaling factors to EGFR[6]. In U937 cells dexamethasone
also caused translocation of annexin I from the intracellular
compartment to the cell membrane[20]. Solito et al reported that
induction of annexin I protein and its translocation to the cell
membrane were stimulated by interleukin 6 and a unique 30
bp region of the annexin I promoter, which was critical for the
responsiveness of the reporter gene to IL-6 and dexamethasone.
IL-6 stimulation was mediated by a C/EBP beta-like
transcriptional factor. Annexin I might participate in host
defence system as a new acute class II phase protein[21].
Another study showed that stresses, treatment of A549 and
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Hela cells with heat, hydrogen peroxide or arsenate, resulted
in the translocation of annexin I from cytoplasm to nucleus
and perinuclear region. There were different intracellular
distributions of annexins in macrophage-like cells in
phagocytosis, and reactions to hydrogen peroxide and sodium
arsenate[22].
In summary, we have first detected the translocation of
annexin I from cellular membrane to nuclear membrane in
ESCC cells. It seems that the subcellular localizations of
annexin I are closely related to its functions and the alterations
are most likely involved in the tumorigenesis of ESCC,
especially at the early stage. More investigations are doing to
further clarify the mechanisms of annexin I subcellularlocalization changes during tumorigenesis of human ESCC.
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Abstract
AIM: To identify the differentially secreted proteins or
polypeptides associated with tumorigenesis of esophageal
squamous cell carcinoma (ESCC) from serum and to find
potential tumor secreted biomarkers.
METHODS: Proteins from human ESCC tissue and its
matched adjacent normal tissue; pre-surgery and postsurgery serum; and pre-surgery and normal control serum
were separated by two-dimensional electrophoresis (2-DE)
to identify differentially expressed proteins. The silverstained 2-DE were scanned with digital ImageScanner and
analyzed with ImageMaster 2D Elite 3.10 software. A cluster
of protein spots differentially expressed were selected and
identified with matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF-MS). One of
the differentially expressed proteins, clusterin, was downregulated in cancer tissue and pre-surgery serum, but it
was reversed in post-surgery serum. The results were
confirmed by semi-quantitative reverse-transcription (RT)PCR and western blot.
RESULTS: Comparisons of the protein spots identified on
the 2-DE maps from human matched sera showed that some
proteins were differentially expressed, with most of them
showing no differences in composition, shape or density.
Being analyzed by MALDI-TOF-MS and database searching,
clusterin was differentially expressed and down-regulated

in both cancer tissue and pre-surgery serum compared with
their counterparts. The results were also validated by RTPCR and western blot.
CONCLUSION: The differentially expressed clusterin may
play a key role during tumorigenesis of ESCC. The 2DE-MS
based proteomic approach is one of the powerful tools for
discovery of secreted markers from peripheral.
Zhang LY, Ying WT, Mao YS, He HZ, Liu Y, Wang HX, Liu F, Wang
K, Zhang DC, Wang Y, Wu M, Qian XH, Zhao XH. Loss of clusterin
both in serum and tissue correlates with the tumorigenesis of
esophageal squamous cell carcinoma via proteomics approaches.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC), the major
histological form of esophageal cancer, is one of the most
common malignant tumors in China especially in the north part
of the country. Human ESCC carcinogenesis is a multistage
process involving multifactorial etiology and geneticenvironment interactions[1-3]. Patients with ESCC have a poor
prognosis, with 5-year survival rates of less than 10 %, because
of the rapid spread and of the cancer associated malnutrition
due to dysphagia and cachexia[4]. The molecular mechanisms
that underlie the tumor formation and progression are still not
completely perspicuous, although several progresses based on
alterations of gene expression[5] and disregulated proteins, such
as annexin I[6] and tumor rejection antigen[7] in esophageal cancer
via proteomic approaches have been reported recently. Discovery
of new markers to discriminate tumorigenic from normal cells,
as well as the different stage is critical important for early
detection and diagnosis of ESCC. The success of the Human
Genome Project and the initiation of human proteome are
strongly facilitating these efforts as tremendous information of
genes and proteins are currently available[8,9]. It would be possible
to undertake comprehensive profiling of tumor at the proteomics
level to identify protein alterations that are unpredictable at either
the genomics or transcriptomics levels[10]. However there is no
comprehensive study of esophageal cancer protein profiling or
protein expression patterns have been generated, especially the
tumor-associated serum protein biomarkers. To identify specific
protein tumor markers both in serum and tissue by proteomics
approaches is a currently critical issue[8,11,12].
Tumor associated proteins as well as post-translational
modifications can be identified via proteomic methodologies.
In the present study, we used the 2-DE/mass spectrometry (MS)based proteomic analysis to profile the proteins in serum of ESCC
patients. We analyzed 17 pairs of patient-matched pre- and postsurgery as well as normal and tumor sera from ESCC patients to
discover the alterations of expression profiling. We first found
the clusterin is loss in both serum and tissue of ESCC.
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MATERIALS AND METHODS
Specimens and preparation
The esophageal specimens were from patients diagnosed with
esophageal cancer by the pathologists in Cancer Hospital of
Chinese Academy of Medical Sciences (CAMS) (Beijing,
China). The study was approved by the Institutional Review
Board of Cancer Institute of CAMS. The pre-surgery serum
were obtained from the first physical examination after the
patients presented to the hospital, ESCC tumor tissues were
obtained immediately after surgical resection and the postsurgery serum were obtained from the matched patients during
the day 8 to day 10 after surgery. Sera described in Table 1,
were centrifuged at 3 000 g at 4 for 15 min. Both tissue and
serum samples were snap-frozen in liquid nitrogen immediately
and then stored at -80 . The tissues were homogenized in
five volumes of lysis buffer [8M urea, 4 % CHAPS, 2 %
Pharmalyte, pH 3-10, 10 mM DTT] and centrifuged at 12 000 g
at 4
for 40 minutes. The supernatant was removed and
protein concentration was determined using the Bradford assay.
Table 1 The matched sera for 2-DE
No. of matched-sera

M51Q-M51H
M88Q-M88H
M88Q-M88H
M92Q-M92H
M93Q-M93H
M141Q-Nor86
M149Q-Nor67
M151Q-Nor24
M156Q-Nor87
M160Q-Nor15
M162Q-Nor34
M168Q- Nor16
M180Q- Nor66
M180Q- Nor10
M181Q- Nor97
M192Q- Nor36
M193Q- Nor19

Gender

Age

M
F
M
M
M
F
M
M
F
M
M
M
F
F
M
M
F

59
56
62
65
65
62
67
64
70
68
72
70
65
65
57
68
66

Histopathological diagnosis

MDSCC
MDSCC
MDSCC
MDSCC
MDSCC
MDSCC
PDSCC
MDSCC
PDSCC
MDSCC
MDSCC
MDSCC
HDSCC
HDSCC
MDSCC
MDSCC
HDSCC

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

Reagents
Electrophoresis reagents including acrylamide solution (40 %),
N, N-methylenebisacrylamide, N, N, N’, N’tetramethylethylenediamine, tris base, glycine, SDS, DTT,
CHAPS, Immobiline Drystrips, IPG buffer, IPG cover fluid,
LMW protein marker were from Amersham Pharmacia
Biotechnology Inc. (Uppsala, Sweden); Iodoacetamide was from
Acros (New Jersey, USA); Sequence grade Trypsin was from
Washington Biochemical Corporation; Trifluoroacetic acid
(TFA) was from Fluka (Switzerland); TrizolTM Reagent and
Transcriptase SuperScript IITM were from Gibco BRL; PVDF
membrane was from Bio-Rad; Taq DNA polymerase and dNTPs
were from TaKaRa; All other reagents were of analytical grade.
Analytical 2-DE
All sera or cell lysates were quantitated by Bradford assay. 2DE was performed by standard procedures as described[8,12]
using precast IPG strips (pH3-10 linear, 18 cm, Amersham
Pharmacia Biotechnology Inc.) in the first dimension,
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isoelectric focusing (IEF). Briefly, 180 µg proteins were diluted
to a total volume of 350 µl with the buffer [8 M urea, 2 %
CHAPS, 0.5 % IPG buffer 3-10, 20 mM DTT and a trace of
bromophenol blue]. After loaded on IPG strips, IEF was carried
out according to the following protocol: 6 hours of rehydration
at 0 V; 6 hours at 30 V; 1 hour at 500 V; 1 hour at 1 000 V and
5 hours at 8 000 V. The current was limited to 50 µA per gel.
After IEF separation, the strips were immediately equilibrated
2×15 min with equilibration solution [50 mM Tris-HCl, pH6.8,
6 M urea, 30 % glycerol and 2 % SDS]. 20 mM DTT was
included in the first equilibration solution, and 2 % (w/v)
iodoacetamide was added in the second equilibration step to
alkylate thiols. SDS-polyacrylamide gel electrophoresis
(PAGE) was performed using 1 mm thick, 13 % SDS-PAGE
gels. The strips were held in place with 0.5 % agarose dissolved
in SDS/Tris running buffer and electrophoresis was carried
out at constant power (2.5 W/gel for 40 min and 15 W/gel for
6 hours) and temperature (20 ) using Ettan Dalt II system
(Amersham Pharmacia Biotechnology Inc.). Gels were stained
with silver nitrate according to the instructions of the silverstaining kit (Amersham Pharmacia Biotechnology Inc.).

Gel scanning and image analysis
Silver stained 2-DE gels were scanned with ImageScanner and
analyzed including spots detection, quantification and
normalization with ImageMaster 2D Elite 3.10 (Amersham
Pharmacia Biotechnology Inc.). Statistical analysis was
performed using SPSS statistical software late.
In-gel protein digestion
Individual protein spot was excised from the gel by Ettan Spot
Picker (Amersham Pharmacia Biotechnology Inc.), destained
with the solution [15 mM potassium ferricyanide, 50 mM
sodium thiosulfate] and washed till opaque and colorless with
25 mM ammonium bicarbonate/50 % acetonitrile. After dried
with vacuum concentrator (SpeedVac Plus, USA) the gel was
rehydrated with 3-10 µl trypsin solution (10 ng/µl) at 4 for
30 min and then incubated at 37 overnight. Tryptic peptides
were eluted and dried on SpeedVac vacuum concentrator.
Protein identification by MALDI mass spectrometry
Digested peptides were dissolved with 0.5 % TFA, with
saturated CHCA solution in 0.1 % TFA/50 % acetic acid as
matrix and analyzed by M@LDI R (Micromass, Manchester,
UK). Spectrum acquisition was externally calibrated with lock
mass 2465.199 Da and internally calibrated with autodigested
peaks of trypsin (MH+: 2211.105 Da). The protein identification
was performed by searching protein databases of Swiss-prot/
trEMBL (http://www.expasy.ch/tools/peptident.html) and
Mascot (http://www.matrixscience.com/). The error for peptide
mass was set as 50 ppm and possible missed cleavage of trypsin
was set as 1. The proteins with more than 4 matched peptides
were thought significant.
RT-PCR
Total RNAs were isolated from esophageal cancer tissues using
TRIzol reagent (Gibco BRL) according to the manufactures’
instructions. First strand cDNA was reversely transcribed from
5 µg total RNAs using SuperScript II kit (Life Technologies)
at 42
for 50 min. Clusterin was amplified by the primers
(left: 5’ACCTCACGCAAGGCGAAGAC3’, r igh t:
5’TCTCACTCCTCCCGGTGCTT3’) and a product with
232bp was generated.
Western blot
Total cells or tissues were lysated with the buffer [1 % SDS,
10 Mm Tris-Cl, pH 7.6, 20 µg/ml aprotenin, 20 µg/ml leupeptin
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and 1 mM AEBSF]. The protein concentrations were
determined using Bradford method. Five micrograms of protein
were separated on 12 % of SDS-PAGE gels and transferred to
PVDF membranes. After blocked with 10 % non-fat milk, the
membranes were incubated with anti-clusterin monoclonal
antibody (Santa Cruz Bitechnology Inc.) (1:1 000 dilution) at
4
overnight. After washing for three times the membranes
were incubated with rabbit anti-mouse IgG at room
temperature for 1 hour. The signals were developed with the
ECL kit (Amersham Pharmacia Biotechnology Inc.) and using
anti-α-tubulin antibody (Santa Cruz Biotechnology Inc.) as
an internal control.

pH3

pH10 pH3

pH10 MW (kDa)
60

45

post-surgery

A
M92Q-M92H

M93Q-M93H

normal control
(healthy person)

pre-surgery
(disease)

B

M162Q-Nor34

M160Q-Nor15

M181Q-Nor97

M141Q-Nor86

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

RESULTS
Clusterin was identified down-regulated in pre-surgery serum
A proteomic approach was used to determine the differentiated
proteins profiling between the pre-surgery and post-surgery
sera of ESCC. The proteins from five pairs of matched sera
from pre- and post-surgery of ESCC patients were separated
by 2DE. Figure 1 illustrates the proteomic profilings of the
pre- and post-surgery sera from same individual and more than
600 proteins and polypeptides were detected on each gel. The
matched rate of the five pairs gel was more than 87.2 % and
the spots localized in pI 3-10 with the molecular mass range
around 20-200 kDa. All the identified spots can be considered
as abundant proteins since they are detectable with Coomassie
Blue staining on the preparative 2-DE gel. After computer
analysis for spots detection, background subtraction and
volume normalization, we were able to identify 20 spots
(corresponding to 5 different proteins) from the tryptic
digestion via MALDI-TOF-MS analysis. The isoforms of
clusterin were identified from 8 spots as multipeptides
components, which were dramatically down-regulated in tumor
sera (Figure 2 A and Figure 3).
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Figure 1 2-DE profiles of the pre- and post-surgery matched
esophageal cancer sera from a same individual. One hundred
and eighty microgram of protein was separated by 2-DE (IEF
at pH 3-10, 13 % of SDS-PAGE) and stained by silver staining.
LMW markers were from Amersham Pharmacia. (A) pre-surgery serum, (B) matched post-surgery serum.

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

Measured mass
1575 86
1232 63
1393 69
1434 76
2000 92
1222 52
1203 56
2078 92
1762 83
1444 73
1288 63
1471 65
1683 75
2315 19
1873 94

Matched sequence
(K)YVNKEIQNAVNGVK(Q)
(K)TLIEKTNEER(K)
(R)ASSIIDELFQDR(F)
(R)ASSIIDELFQDR(F)
(R)EPQDTYHYLPFSLPHR(R)
(R)EGDDDRTVCR(E)
(R)HNSTGCLRMK(D)
(K)CREILSVDCSTNNPSQAK(L)
(R)EILSVDCSTNNPSQAK(L)
(R)RELDESLQVAER(L)
(R)ELDESLQVAER(L)
(K)YNELLKSYQWK(M)
(R)LANLTQGEDQYYLR(V)
(R)VTTVASHTSDSDVPSGVTEVVVK(L)
(K)LFDSDPITVTVPVEVSR(K)

Residues
41-54
58-67
183-194
183-194
199-214
277-286
290-299
305-322
307-322
325-336
326-336
341-351
372-385
386-408
409-425

MMKTLLLFVGLLLTWESGQVLGDQTVSDNELQEMSNQGSKYVNKEIQNAVNGVKQIKTLI
EKTNEERKTLLSNLEEAKKKKEDALNETRESETKLKELPGVCNETMMALWEECKPCLKQT 120
CMKFYARVCRSGSGLVGRQLEEFLNQSSPFYFWMNGDRIDSSLENDRQQTHMDDVMQDHF
SRASSIIDELFQDRFFTREPQDTYHYLPFSLPHRRPHFFFPKSRIVRSLMPFSPYEPLNF 240
HAMFQPFLEMIHEAQQAMDIHFHSPAFQHPPTEFIREGDDDRTVCREIRHNSTGCLRMKD
QCDKCREILSVDCSTNNPSQAKLRRELDESLQVAERITRKYNELLKSYQWKMLNTSSLLE 360
QLNEQFNWVSRLANLTQGEDQYYLRVTTVASHTSDSDVPSGVTEVVVKLFDSDPITVTVP
VEVSRKNPKFMETVAEKALQEVRKKHREE

Figure 3 The spectra of MALDI-TOF-MS obtained from one of
the differentiated polypeptide spots matched with the tryptic
peptide sequences of clusterin (characters in red).

Zhang LY et al. Loss of clusterin both in serum and tissue of ESCC

A

MW

T14

N14

T9

N9

653

T28

N28

T30

N30

54kDa

α-tubulin

40kDa

clusterin-β

T27

B

N27

EC0132

T2

N2

EC0516

54kDa

α-tubulin

40kDa

clusterin-β

C 603bp

M

C

N

C

N

C

N

C

N

C

N

C

N

C

N
GAPDH

234bp

clusterin (232bp)

Figure 4 (A) Western blot analysis of clusterin proteins expressed in patient-matched normal and tumor epithelium; (B) Western
blot analysis of clusterin proteins expressed in two kinds of esophageal squamous cell carcinoma, EC0156 and EC0132. Alphatubulin was used as a loading control. (C) Expression analysis of clusterin in patient-matched esophageal cancer tissues by semiquantitative RT-PCR. GAPDH was used as an internal control.

Loss of clusterin in tumor epithelium
Immunoblot analysis of clusterin expressed in patient-matched
normal and tumor epithelium from different ESCC individuals,
whose sera had been found with low level of clusterin was
performed. Using a commercially available antibody, clusterin
has also been found down-regulated at different ESCC tissues
(20/24), but absent in two kinds of cell lines of esophageal
squamous cell carcinoma, EC1 and EC2 (Figure 4A, B). At the
transcriptional level, clusterin was also found lower-expressed
in 88 % of esophageal cancer tissues (22/25) by semi-quantitative
RT-PCR (Figure 4C). The findings of tumor tissue and cell lines
were consistent with the findings of ESCC serum.
DISCUSSION
To identify the differentially secreted proteins or polypeptides
associated with tumorigenesis of esophageal squamous cell
carcinoma, we carried out differentially proteomic analysis of
human serum in two groups. First we compared the pre- and
post-surgery sera of ESCC patient to identify the differentiated
proteins from the same individuals. Second, the sera from the
disease (pre-surgery) and age- and gender-matched healthy
populations (normal control) had been analyzed through 2DEMS strategy. There were 3 protein spots quantitatively changed
between the two groups and were identified as clusterin, which
was completely loss or dramatically down-regulated in presurgery serum of esophageal cancer compared with the postsurgery and the healthy controls. In addition, clusterin was
also lost or decreased in tumor cell lines and tissues. Clusterin
has never been known to be associated with esophageal cancer.
This study reports identified clusterin as a candidate protein
of a tumor-associated serum marker in esophageal squamous
cell carcinoma via proteomic approaches for the first time.
Clusterin, so-called the testosterone-repressed prostate
message-2[13], sulfated glycoprotein 2, complement-associated
protein SP-40, complement cytolysis inhibitor, a 80 kDa
heterodimeric highly conserved secreted glycoprotein
expressed in a wide variety of tissues and was found in all
human fluids. It responses to a number of diverse stimuli,
including hormone ablation and has been attributed functions
in several diverse physiological processes such as sperm
maturation, lipid transportation, complement inhibition, tissue
remodeling, membrane recycling, cell adhesion and cellsubstratum interactions, stabilization of stressed proteins in a
folding-competent state and promotion or inhibition of
apoptosis[14-16].

Clusterin gene is differentially regulated by cytokines,
growth factors and stress- inducing agents, while another
defining prominent and intriguing clusterin feature is its
upregulation in many severe physiological disturbances states
and in several neurodegenerative conditions mostly related to
advanced aging[17-22]. Active cell death (ACD) in hormonedependent tissues such as the prostate and mammary gland is
readily induced by hormone ablation and by treatment with
anti-androgens or anti-estrogens, calcium channel agonists and
TGF beta[23]. Clusterin has been found up-regulated in several
cases of in vivo cancer progression and tumor formation
such as human prostate carcinomas[18,24], renal cell carcinoma
(RCC)[25,26], breast carcinoma[17], ovarian cancer[22], glioblastoma,
testicular tumor cells, the normal and cancerous endometrium,
hemangioma [21] , anaplastic large-cell lymphomas [20] ,
transitional cell carcinoma (TCC) of the bladder[27], as well as
hepatoma cells. Clusterin, on the other hand, is a membranestabilizing protein that appears to be involved in limiting the
autophagic lysis of epithelial cells during apoptosis. Recent
studies have shown the clusterin expression mediates
antiapoptotic activity against a wide variety of stimuli[28] and
using antisense oligonucleotides of clusterin, also could
enhance androgen sensitivity and chemosensitivity in prostate
cancer therapy[29]. On the other hand, it has recently been shown
that decreased synthesis and delayed processing of clusterin
in testicular germ cell tumors, colorectal cancer[16,30] and human
polycystic kidneys cells[31,32]. However, there is no definitive
biochemical evidence to support a specific function for clusterin
except for its role in the modulation of the immune system
and the functional roles of clusterin are still enigmatic.
A robust antigen capture assay for the measurement of
serum clusterin concentrations has been developed and
validated for increased clusterin expression, and alterations
in serum clusterin levels associated with a number of disease
states[33]. Whether the decrease of clusterin in pre-surgery serum
is a predictor of ESCC progression and prognosis, still need
more efforts to address and the molecular mechanisms of
clusterin implicated in tumorigenesis needs to be elucidated.
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Abstract
AIM: To appraise the correlation of mutation and methylation
of hMSH1 with microsatellite instability (MSI) in gastric cancers.
METHODS: Mutation of hMLH1 was detected by Twodimensional electrophoresis (Two-D) and DNA sequencing;
Methylation of hMLH1 promoter was measured with
methylation-specific PCR; MSI was analyzed by PCR-based
methods.
RESULTS: Sixty-eight cases of sporadic gastric carcinoma
were studied for mutation and methylation of hMLH1 promoter
and MSI. Three mutations were found, two of them were
caused by a single bp substitution and one was caused by a
2 bp substitution, which displayed similar Two-D band pattern.
Methylation of hMLH1 promoter was detected in 11(16.2 %)
gastric cancer. By using five MSI markers, MSI in at least one
locus was detected in 17/68(25 %) of the tumors analyzed.
Three hMLH1 mutations were all detected in MSI-H ( 2 loci,
n=8), but no mutation was found in MSI-L (only one locus,
n=9) or MSS (tumor lacking MSI or stable, n=51). Methylation
frequency of hMLH1 in MSI-H (87.5 %, 7/8) was significantly
higher than that in MSI-L (11.1 %, 1/9) or MSS (5.9 %, 3/51)
(P<0.01-0.001), but no difference was found between MSI-L
and MSS (P>0.05).
CONCLUSION: Both mutation and methylation of hMLH1
are involved in the MSI pathway but not related to the LOH
pathway in gastric carcinogenesis.
Fang DC, Wang RQ, Yang SM, Yang JM, Liu HF, Peng GY, Xiao
TL, Luo YH. Mutation and methylation of hMLH1 in gastric
carcinomas with microsatellite instability. World J Gastroenterol
2003; 9(4): 655-659
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INTRODUCTION
Our previous studies indicated that genetic instability may play
an important role in gastric carcinogenesis[1]. There are at least
two distinct genetic instabilities in gastric tumorigenesis: one
is the chromosomal instability (or suppressor pathway) and
the other is microsatellite instability (or MSI pathway). In the

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

MATERIALS AND METHODS
Tissue samples
Sixty-eight cancer and corresponding normal tissues were
obtained from surgically resected gastric carcinoma in our
hospital. Each specimen was frozen immediately and stored at
-80 until analyzed. A 5 µm section was cut from each tissue
and stained with hematoxylin/eosin in order to ascertain
whether the cancer cells in the tissues were predominant or
not. Genomic DNA was isolated by standard proteinase-K
digestion and phenol-chloroform extraction protocols. Of the
68 patients with gastric cancer, 45 were men and 23 were
women with an age range of 30-76 years (a mean of 56.2 years
at diagnosis). None of the patients included in the present series
had a family history suggestive of HNPCC or had received
chemotherapy or radiation therapy.
hMLH1 mutation analysis
PCR and heteroduplexing Primer pairs for long-chain and
short-chain PCR and GC-clamped primers used were shown
in Table 1[17]. PCR reactions were carried out in 50 µl reactions
in thin-walled tubes in a Perkin-Elmer 2 400 thermocycler. A
total of 200-400 ng of genomic DNA, varying concentrations
of each primer, and the LA PCR kit (TaKaRa, Otsu, Shiga,
Japan) were used for long PCR. Final concentrations of each
LA PCR primer pair were as follows: hMLH1-4F and hMLH14R, 0.16 µM each; hMLH5-10F and hMLH5-10R, 0.125 µM
each; hMLH11-13F and hMLH11-13R, 0.094 µM each; and
hMLH14-19F and hMLH14-19R, 0.125 µM each. The
reactions were carried out according to the manufacturer’s
instructions. In brief, the conditions were as follows: a hot
start of 94 for 2 min, with the addition of Taq Pol in between,
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followed by eight cycles of 98 ×20 sec, 69 ×1 min (with
decrements of 0.5 /cycle), and 68 ×12 min; six cycles of
96 ×20 sec, and 68 ×12 min; 16 cycles of 96 ×20 sec,
and 68 ×12 min (with increments of 15 sec/cycle), and finally
a chain extension of 72
for 10 min.
Table 1 Primer information for long and short PCR for HMLH1
A. Primer pairs for long-distance PCR
Exons 1-4
MLH1-4F GCG.GCT.AAG.CTA.CAG.CTG.AAG.GAA.GAA.CGT.GAa
MLH1-4R GGC.GAG.ACA.GGA.TTA.CTC.TGA.GAC.CTA.GGC.CC
Product size-10.8kb
Exons5-10
MLH5-10F GCG.CCC.CTT.GGG.ATT.AGT.ATC.TAT.CTC.TCT.ACT.GG
MLH5-10R GCG.CTC.ATC.TCT.TTC.AAA.GAG.GAG.AGC.CTG
Product size-10.5kb
Exons11-13
MLH11-13F CGG.CTT.TTT.CTC.CCC.CTC.CCA.CTA.TCT.AAG.G
MLH11-13R GGG.TTA.GTA.AAG.GAA.GAG.GAG.CTT.GCC.C
Product size-8.7kb
Exons14-19
MLH14-19F GGT.GCT.TTG.GTC.AAT.GAA.GTG.GGG.TTG.GTA.G
MLH14-19R GCG.CGC.GTA.TGT.TGG.TAC.ACT.TTG.TAT.ATC.ACA.C
Product size=10.5kb
B. Primer pairs for short PCR
Exon Clampb Product size
1
2
3

5
40
40

Tmc

258

64.13

187

38.14

237

32.22

218

36.26

5

40
2
2
40
40

170

30.19

6

40

228

35.58

4

7
8
9

40
5
50
40

194

30.88

213

42.21

249

33.73

10

50

240

41.47

11.1

50

145

40.58

11.2

40
2
40

224

60.81

184

44.53

366

53.23

272

49.06

235

48.94

179

29.97

12.1
12.2
13
14
15

8
40
40
45
5
40

16

261

47.56

17

40
40

199

47.01

18

45

215

46.67

282

43.43

19
40
a

Primer sequence
GCA.CTT.CCG.TTG.AGC.ATC
CCG.TTA.AGT.CGT.AGC.CCT
ATA.AAT.TAT.TTT.CTG.TTT
CAT.CCT.GCT.ACT.TTG.AGG
GGA.AAA.TGA.GTA.ACA.TGA
TGT.CAT.CAC.AGG.AGG.ATA
ACC.CAG.CAG.TGA.GTT.TT
GCC.CAA.AAT.ACA.TTT.CAG
ATA.TTA.ATT.TGT.TAT.ATT
CAA.TTT.ACT.CTC.CCA.TGT
TTT.CAA.GTA.CTT.CTA.TGA
ACT.TTG.TAG.ACA.AAT.CTC
GAC.ATC.TAG.TGT.GTG.TTT
CCC.CTT.TTT.TCT.TTT.CAT
GAC.AAT.AAA.TCC.TTG.TGT
AAG.ATT.TTT.TTA.TAT.AGG
TTT.GAG.TTT.TGA.GTA.TTT
TGG.GTG.TTT.CCT.GTG.AGT
CAC.CCC.TCA.GGA.CAG.TTT
ACA.TCT.GTT.CCT.TGT.GAG
AGG.TAA.TTG.TTC.TCT.CTT
GAA.GTG.AAC.TTC.ATG.CTT
TCC.CAA.GAA.TGT.GGA.TGT
AAA.GGC.CCC.AGA.GAA.GTA
TTT.TTT.TTT.TTT.TAA.TAC.A
AAT.CTG.TAC.GAA.CCA.TCT
TGG.AAG.TAG.TGA.TAA.GGT
TGT.ACT.TTT.CCC.AAA.AGG
ATC.TGC.ACT.TCC.TTT.TCT
AAA.ACC.TTG.GCA.GTT.GAG
TAC.TTA.CCT.GTT.TTT.TGG
GTA.GTA.GCT.CTG.CTT.GTT
CAG.CTT.TTC.CTT.AAA.GTC
CAG.TTG.AAA.TGT.CAG.AAG
CTT.GCT.CCT.TCA.TGT.TCT.TG
AGA.AGT.ATA.AGA.ATG.GCT.GTC
ATT.ATT.TCT.TGT.TCC.CTT
AAT.GCT.TAG.TAT.CTG.CCT
CCT.ATT.TTG.AGG.TAT.TGA.AT
GCC.AGT.GTG.CAT.CAC.CA
TGT.TGG.GAT.GCA.AAC.AGG
ATC.CCA.CAG.TGC.ATA.AAT

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

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

Multipex group II

Final concentration

Exon

Final concentration

11.1

0.375 µM

5

1.5 µM

15

0.5 µM

2

1.25 µM

12.1

0.375 µM

7

1.75 µM

17

0.5 µM

4

1.625 µM

8

0.375 µM

11.2

18

1.25 µM

6

0.5 µM
1.625 µM

14

1.25 µM

9

1.5 µM

3

0.625 µM

1

1.25 µM

10

0.625 µM

13

1.625 µM

16

1.0 µM

12.2

0.325 µM

19

1.75 µM

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

Statistical analysis
Chi-square test with Yates’ correction were used. A P value <0.05
was considered significant.
RESULTS
MSI in gastric cancer
Alterations of electrophoretic patterns of PCR products of five
microsatellite markers were compared between the tumor and
the normal DNA in each patient (Figure 1). MSI affecting at
least one locus was observed in 17 (25 %) of 68 tumors, among
which eight (11.8 %) were MSI-H, nine (13.2 %) were MSIL, and fifty-one (75 %) were MSS.
NT

NT

NT

NT

NT

5

BAT40

D2S123

10

19

8
12.1

16

18

17

13
14
12.2

11.2

1

Figure 2 Detection of mismatching repair gene hMLH1 mutation in gastric cancer by two-dimentional DNA electrophoresis.
Four-band pattern was observed at exon 8.
Table 3 The relevance of MSI and hMLH1 mutation
MSI Status
MSI-H
MSI-L
MSS

No.of cases

hMLH1 mutation

8
9
51

3
0
0

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

BAT26

9
6

2

11.1

2

3

U M U M U M

BAT25

3

4

hMLH1 methylation analysis
DNA methylation patterns in the CpG islands of hMLH1 gene
were determined by Methylation-specific PCR(MSP) as
described[18]. The primer sequences of hMLH1 for unmethylated
reaction were 5’-TTTTGATGTAGATGTTTTATTAGGGTTGT3’(sense) and 5’-ACCACCTCAT CATAACTACCCACA-3’
(antisense), and for methylated reaction were 5’ACGTAGACGTTTTATT AGGGTCGC-3’ (sense) and 5’CCTCATCGTAACTACC CGCG-3’ (antisense).
MSI detection
MSI analyses included five microsatellite markers: BAT25,
BAT26, BAT40, D2S123, and D5S346. PCR was performed
as previous described[1]. MSI was defined as the presence of
band shift in the tumor DNA that was not present in the
corresponding normal DNA. Based on the number of mutated
MSI markers in each tumor, carcinomas were characterized as
MSI-H if they manifested instability in two or more markers,
MSI-L if unstable in only one marker, and MSS if they showed
no instability in any marker[19,20].

7

15

1

2

3

U M U M U M

1
U M

2

3

U M U M

D5S346

A
Figure 1 MSI in gastric cancer using 5 microsatellite loci (BAT25, BAT-26, BAT-40, D2S123, and D5S346). Arrows indicate
variant conformers. N: normal DNA pattern; T: tumor specimens containing variant conformers representing MSI.

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

B

C

Figure 3 Methylation of hMLH1 in gastric cancer. A: No methylation was found in normal mucosa; B: Methylation of
hMLH1 in MSI-H gastric cancer. Cases 1, 3 showed both
hypermethylation and unmethylation; C: Methylation of
hMLH1 in MSI-L gastric cancer. Case 3 showed both
hypermethylation and unmethylation; U: Unmethylation; M:
methylation.
Table 4 The relevance of methylation of hMLH1 and MSI
MSI status

Unmethylated

Hypermethylation(%)

MSI-H

1

7(87.5)

MSI-L

8

1(11.1)b

48

3(5.9)d

MSS
b

P<0.01; dP<0.001 vs MSI-H group.
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DISCUSSION
A significant portion of gastric cancers exhibit defective DNA
mismatch repair, manifested as MSI. There is now evidence
that MSI cancer comprises distinctive MSI-H and MSI-L
c at e g o r i es [ 2 1 - 2 3 ] . M S I - H c an c e r s a r e d i s ti n g u sh e d
clinicopathologically and in their spectrum of genetic
alterations from cancers showing MSI-L and MSS cancers[24-34].
Our previous studies indicated that MSI-H gastric cancers often
showed lower frequency of LOH in APC, MCC and DCC genes
than do MSI-L and MSS cancers[1]. In the present study, all
three hMLH1 mutations were detected in MSI-H, but no
mutation was found in those showing MSI-L or MSS. This
result further indicates that hMLH1 is mutational target in MSI
-H tumor cells and supported the notion that MIS-H tumors
identified an alterative pathway of tumorigenesis that had been
proposed by Vogelstein and co-workers[35].
Human cancers with MSI-H phenotype develop due to
defects in DNA mismatch repair genes. Silencing of a DNA
mismatch repair gene, hMLH1 gene, by promoter hypermethylation
is a frequent cause of MSI-H phenotype[36-42]. In this study, 11
(16.2 %) of 68 gastric cancers exhibited prominent hMLH1
methylation, which is similar to previous studies[36]. It has been
reported that MSI-H is related to methylation of the hMLH1
promoter but not hMSH1 mutations in sporadic gastric
carcinomas[43]. It was also found that MSI-L gastric carcinomas
share the hMLH1 methylation status of MSI-H carcinomas
but not their clinicopathological profile[44]. In this study, 7/8
(87.5 %) cancers with MSI-H exhibited prominent methylation
of the hMLH1 promoter, suggesting that methylation of the
hMLH1 promoter is correlated with MSI-H gastric cancer. The
frequency of methylation in MSI-H cancers is significantly
higher than that in cancers with MSI-L and MSS, however no
difference was found between cancers with MSI-L and MSS,
indicating that MSI-H tumors identify a different methylation
pathway from cancers with MSI-L and MSS, and MSI-L cancers
involves the same methylation pathway as MSS tumors. This
finding is in agreement with our recently published data on
molecular pathway in the gastric carcinogenesis[2].
It has been found that colorectal cancer cell lines only had
methylated hMLH1 genes, but had absent unmethylated
hMLH1 genes[45]. In the present study, unlike the situation with
the cell lines, however, the primary MSI+ gastric cancers
always had both methylated and nonmethylated hMLH1 genes.
It is likely that a significant fraction of the unmethylated genes
is derived from the non-neoplastic cells (stromal, inflammatory,
vascular, etc.), which are invariably present within the primary
tumors but are not found in cultured cell lines. It has been
reported that methylation of the hMLH1 promoter correlates
with lack of expression of hMLH1 in sporadic colon tumors
and mismatch repair-defective human tumor cell lines[13].
whereas demethylation of hMLH1 promoter results in
reexpression of hMLH1 in tumor cells tested. Not only was
the protein expressed, but MMR activity was restored. DNA
methylation is a fundamental feature of the genomes and the
control of their functions therefore it is a candidate for
pharmacological manipulation that might have important
therapeutic advantage.
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Abstract
AIM: To evaluate the effects of tributyrin, a pro-drug of natural
butyrate and a neutral short-chain fatty acid triglyceride, on
the growth inhibition of human gastric cancer SGC-7901 cell.
METHODS: Human gastric cancer SGC-7901 cells were
exposed to tributyrin at 0.5, 1, 2, 5, 10 and 50 mmol·L-1 for
24-72 h. MTT assay was applied to detect the cell proliferation.
[3H]-TdR uptake was measured to determine DNA synthesis.
Apoptotic morphology was observed by electron microscopy
and Hoechst-33258 staining. Flow cytometry and terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling
(TUNEL) assay were performed to detect tributyrin-triggered
apoptosis. The expressions of PARP, Bcl-2 and Bax were
examined by Western blot assay.
RESULTS: Tributyrin could initiate growth inhibition of SGC7901 cell in a dose- and time-dependent manner. [3H]-TdR
uptake by SGC-7901 cells was reduced to 33.6 % after 48 h
treatment with 2 mmol·L-1 tributyrin, compared with the
control (P<0.05). Apoptotic morphology was detected by TUNEL
assay. Flow cytometry revealed that tributyrin could induce
apoptosis of SGC-7901 cells in dose-dependent manner. After
48 hours incubation with tributyrin at 2 mmol·L-1, the level of
Bcl-2 protein was lowered, and the level of Bax protein was
increased in SGC-7901, accompanied by PARP cleavage.
CONCLUSION: Tributyrin could inhibit the growth of gastric
cancer cells effectively in vitro by inhibiting DNA synthesis
and inducing apoptosis, which was associated with the downregulated Bcl-2 expression and the up-regulated Bax
expression. Therefore, tributyrin might be a promising
chemopreventive and chemotherapeutic agent against
human gastric carcinogenesis.
Yan J, Xu YH. Tributyrin inhibits human gastric cancer SGC7901 cell growth by inducing apoptosis and DNA synthesis arrest.
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INTRODUCTION
Gastric cancer is one of the most common causes of

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

MATERIALS AND METHODS
Cell lines and reagents
Human gastric cancer cell line SGC-7901 was provided by
the Cell Bank of Shanghai Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM; Life
Technologies Inc., Grand Island, NY) supplemented with 10 %
fetal calf serum (FCS; Life Technologies Inc., Rockville, MD),
penicillin (100 kU·L-1) and streptomycin (0.1 g·L-1) at 37 in
a 5 % CO2-95 % air atmosphere. Antibodies against Bax, Bcl2, PARP, and Actin were obtained from Santa Cruz. Other
chemicals used in the study were purchased from Sigma
Chemical Co (St. Louis, MO, USA). In situ cell death detection
kit was purchased from Roche Diagnostics. [3H]-TdR was
obtained from Amersham Company.
Assessment of cell proliferation
MTT assay was conducted to determine the cell proliferation.
SGC-7901 cells were seeded in a 96-well plate (1×104·well-1)
as described previously[32]. In brief, after 24 h incubation cells
were treated with tributyrin for three days and untreated cells
served as a control. Prior to the determination, 5 µL of the 2.5
g·L-1 stock solution of 3-[4,5-dimethylthiaolyl]-2,5-diphenyl-
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Transmission electron microscopy
The cultured cells treated with 2 mmol·L-1 tributyrin for 48 h
were trypsinized and harvested, respectively. Subsequently the
cells were immersed with Epon 821, embedded in capsules
and converged at 60 for 72 h, then they were prepared into
ultrathin section (60 nm) and stained with uranyl acetate and
lead citrate. Cell ultrastructure was examined by transmission
electron microscopy.
Morphological change of apoptosis
The morphological changes of cell apoptosis were determined
under fluorescence microscope. Briefly, the experimental cells
were pelleted and fixed in 200 ml·L-1 ethanol/phosphatebuffered saline (PBS), stained with 5 mg·L-1 Hoechst-33258
for 10min at room temperature, then visualized under
fluorescence microscope.
TUNEL assay
Apoptosis of SGC-7901 cells was analyzed by using in situ
cell death detection kit. The method is essentially based on the
terminal deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL) technique. In brief, after cells were treated
with or without tributyrin for the indicated time, they were
fixed overnight in 100 g·L-1 formaldehyde, then treated with
proteinase K and H2O2, labeled with fluorescein dUTP in a
for 1 h and visualized under fluorescence
humid box at 37
microscope. The cells without addition of TdT enzyme were
used as negative control.
Flow cytometry
After harvested, the experimental cells were washed with PBS
overnight.
twice and fixed with 700 mL·L-1 ethanol at 4
The fixed cells were washed twice with PBS and stained with
800 µL propidium iodide and 200 µL deoxyribonulcease-free
ribonuclease A in PBS. The fluorescence density of propidium
iodide-stained nuclei was determined by flow cytometry.
Western blot analysis
The experimental cells were lysed in lysis buffer [25 mmol·L-1
HEPES, 1.5 % Triton X-100, 1 % sodium deoxycholate, 0.1 %
SDS, 0.5 mol·L-1 NaCl, 5 mmol·L-1 EDTA, 50 mmol·L-1 NaF,
0.1 mmol·L-1 sodium vanadate, 1 mmol·L-1 phenylmethylsulfonyl
fluoride (PMSF), and 0.1 g·L-1 leupeptin (pH7.8)] at 4 with
sonication. The lysates were centrifuged at 15 000 g for 15 min
at 4
and the proteins were separated on SDS-PAGE,
transferred to nitrocellulose filter and incubated with antibodies
against Bcl-2, Bax, PARP, and Actin, respectively. Then the
membrane was incubated with peroxidase-conjugated
secondary antibodies. Detection was performed with enhanced
chemiluminescence reagent.

RESULTS
Inhibition of human gastric cancer SGC-7901 cell proliferation
by tributyrin
The experimental SGC-7901 cells were treated with various
concentrations of tributyrin for 1-3 days and the cell viability
was determined as described above by MTT assay. As shown
in Figure 1, tributyrin could inhibit the growth of gastric cancer
cells in a dose- and time-dependent manner. Cell growth was
suppressed by 24.9 %, 36.6 %, 50.3 %, 60.6 %, 84.1 % and
91.3 % after 72 h treatment with tributyrin at 0.5, 1, 2, 5, 10
and 50 mmol·L-1, respectively. It was noted that tributyrin at
50 mmol·L-1 had an inhibitory effect of more than 90 % on the
tumor cell growth after 48-72 h treatment. The IC50 value of
tributyrin for SGC-7901 cell at 72 h was 2 mmol·L-1.
125
0 mmol·L-1
0.5 mmol·L-1
1 mmol·L-1
2 mmol·L-1
5 mmol·L-1
10 mmol·L-1
50 mmol·L-1

100
% of Growth

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

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

75
50
25
0

1

2
Time (d)

3

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

DNA synthesis arrest by tributyrin
Since the IC 50 value of tributyrin was 2 mmol·L -1, the
concentration was used for the following assay. Tributyrin
inhibited the [3H]-TdR uptake by SGC-7901 cells in a timedependent manner. Compared with the control, the DNA
synthesis of tumor cells was significantly reduced by 66.4 %,
92.2 % and 90.1 % after 48 h, 72 h and 96 h treatment with
tributyrin, respectively, (P<0.05, Figure 2).
% of [3H]-TdR incorporation

tetrazolium bromide (MTT) was added to each well. After 4
h incubation, the culture media were discarded followed by
addition of 100 µL of DMSO to each well and vibration for
10 min. The absorbance (A) was measured at 492nm with a
microplate reader. The percentage of viable cells was
calculated as follows:(A of experimental group/A of control
group)×100 %.
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Figure 2 Inhibitory effect of tributyrin on DNA synthesis incorporated with 3H-TdR. With the concentration of 2 mmol·L-1,
tributyrin inhibited the [3H]-TdR uptake by SGC-7901 cells in
a time-dependent manner. Results were expressed as means
±SD from three independent determinations.
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Tributyrin induction of apoptosis
Morphological changes After 48 h of exposure to tributyrin,
gastric cancer cells began to show morphologic features of
apoptosis, which manifested as cell shrinkage, chromatin
condensation and nuclear pyknosis, etc by transmission
electron microscopy (Figure 3). The tributyrin-treated SGC7901 cells labeled with Hoechst-33258 also showed apoptotic
features including nuclear shrinkage or fragmentation by
fluorescence microscopy (Figure 4).
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Figure 3 Ultrastructural changes of the gastric cancer cells
treated with 2 mmol·L-1 tributyrin for 48 h. (A) The control SGC7901 cell; (B) the experimental cell showing early changes of
apoptosis in which nuclear chromatin condensation and cell
shrinkage were observed (B).

Figure 5 Tributyrin-induced apoptosis by TUNEL assay. A: the
positive control cells; B: the negative control cells; C: the experimental cells treated with tributyrin at 2 mmol·L-1 for 2 days.
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Figure 4 Tributyrin-induced apoptosis in SGC-7901 cells
stained with Hoechst-33258. A: the control SGC-7901 cells; B:
the experimental cells showing nuclear shrinkage or
fragmentation.
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Figure 6 Tributyrin-induced apoptosis in SGC-7901 cells by flow
cytometry. (A) The control cells, (B)-(D) The experimental cells
treated with tributyrin at 0.5, 2 and 10 mmol·L-1 respectively for
48 h. (E) Apoptosis rates in SGC-7901 cells treated with 0.5, 2
and 10 mmol·L-1 or without tributyrin for the indicated times.
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TUNEL assay
The TUNEL assay revealed that tributyrin could induce the
apoptosis of SGC-7901 cells, while the negative control did
not show any signs of fluorescence signals (Figure 5).
Flow cytometry
Cell cycle analysis in SGC-7901 cells treated with tributyrin
revealed that a sub-G1 apoptotic peak appeared (Figure 6).
The apoptosis rate in tributyrin-treated tumor cells was
increased in a time- and dose-dependent manner. When treated
with 2 mmol·L-1 tributyrin for 72 h, the experimental SGC7901 cells showed a 41.5 % of apoptosis.
Differential expression of Bcl-2 and Bax protein and PARP
cleavage in tributyrin-treated cells
After treated with indicated concentrations of tributyrin for
48 h, the expression of Bcl-2 protein was markedly decreased
while that of Bax displayed an increased trend. PARP cleavage
in the experimental cells appeared at 0.5 mmol·L-1 and was
obvious at 2 mmol·L-1 of tributyrin treatment for 48 h (Figure 7).
1
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4
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PARP

110kDa
85kDa

Actin

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

DISCUSSION
It has been reported tributyrin, a substance that naturally exists
in some foods, was a potent agent against various malignancies,
including colon and pancreas carcinomas, and that 1 mmol of
tributyrin could result in an inhibitory effect comparable with
3 mmol of butyrate[32,33]. The high lipophilic property and the
long duration in blood made tributyrin a promising anti-tumor
agent. However, the effects of tributyrin on gastric cancer cells
have not been reported.
The present study demonstrated that tributyrin could inhibit
the growth of human gastric cancer SGC-7901 cells in a doseand time-dependent manner, which might be caused by DNA
synthesis arrest as shown in our experiment via preventing
SGC-7901 cells from progressing into S-phase and ultimately
blocking the cell proliferation. The inhibition of DNA synthesis
was more than 90 % when SGC-7901 cells were treated with
tributyrin at 2 mmol·L-1 for 48-72 h.
Besides DNA synthesis arrest, the induced cell death was
another major reason for the cell growth inhibition. Apoptosis,
also called programmed cell death, is a natural process of cell
suicide which plays a critical role in the development and
homeostasis of metazoans[34,35]. Our results that tributyrin could
induce apoptosis in SGC-7901 cells revealed by the typical
apoptotic alterations, including the morphological changes by
electron microscopy, positive Hoechst-33258 staining, DNA
fragmentation by TUNEL assay and apoptotic sub-G1 peak by
flow cytometry.
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Apoptosis is a complex process regulated by a variety of
factors[36-39]. The members of the Bcl-2 family are important
regulators in the apoptotic pathway with individual members
that can suppress (eg Bcl-2, Bcl-xl) or promote (eg Bax, Bad)
apoptosis. As an oncogene-derived protein, Bcl-2 confers a
negative control in the pathway of cellular suicide machinery,
whereas Bax, a Bcl-2-homologous protein, promotes cell death
by competing with Bcl-2. Introduction of Bcl-2 into most
eukaryotic cells has been reported to be able to protect the
recipient cell from a wide variety of stress applications that
lead to cell death[40, 41]. In the present study, we observed that
the expression of Bcl-2 was reduced and that of Bax was upregulated, indicating the reduced ratio of Bcl-2/Bax might serve
as a mechanism of SGC-7901 cells apoptosis induced by
tributyrin. Its subsequent event might be the release of
cytochrome c and caspase-3 activation. On the other hand, the
cleavage of PARP, one of caspase-3 downstream target[42], was
also observed in the experimental SGC-7901 cells with the
increase of tributyrin concentrations. However, PARP could
also be cleaved through a parallel caspase-3 independent
pathway. Therefore, the exact mechanism underlying the
apoptosis of SGC-7901 cells needed to be further investigated.
In summary, we have demonstrated that tributyrin, an oral
analogue of butyrate, could induce DNA synthesis arrest and
apoptosis in human gastric cancer SGC-7901 cells in vitro.
The effect was dose- and time-dependent. The apoptotic
mechanism of the SGC-7901 cells induced by tributyrin was
at least via the reduction of Bcl-2/Bax ratio. These data
suggested that further evaluation of tributyrin, a promising antitumor agent, for the treatment gastric cancer was warranted.
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Abstract
AIM: To study estrogen receptor (ER) and estrogen receptor
messenger RNA (ERmRNA) expression in gastric carcinoma
tissues and to investigate their association with the pathologic
types of gastric carcinoma.
METHODS: The expression of ER and ERmRNA in gastric
carcinoma tissues (15 males and 15 females, 42-70 years
old) was detected by immunohistochemistry and in situ
hybridization, respectively.
RESULTS: The positive rate of ER (immunohistochemistry)
was 33.3 % in males and 46.7 % in females. In Borrmann
IV gastric carcinoma ER positive rate was greater than that
in other pathologic types, and in poorly differentiated
adenocarcinoma and signet ring cell carcinoma the positive
rates were greater than those in other histological types of
both males and females (P<0.05). The ER was more highly
expressed in diffused gastric carcinoma than in non-diffused
gastric carcinoma (P<0.05). The ER positive rate was also
related to regional lymph nodes metastases (P<0.05), and
was significantly higher in females above 55 years old, and
higher in males under 55 years old (P<0.05). The ERmRNA
(in situ hybridization) positive rate was 73.3 % in males and
86.7 % in females. The ERmRNA positive rates were almost
the same in Borrmann I, II, III and IV gastric carcinoma
(P>0.05). ERmRNA was expressed in all tubular
adenocarcinoma, poorly differentiated adenocarcinoma and
signet ring cell carcinoma (P<0.05). The ERmRNA positive
rate was related to both regional lymph nodes metastases
and gastric carcinoma growth patterns, and was higher in
both sexes above 55 years old but without statistical
significance (P>0.05). The positive rate of ERmRNA
expression by in situ hybridization was higher than that of
ER expression by immunohistochemistry (P<0.05).
CONCLUSION: ERmRNA expression is related to the
pathological behaviors of gastric carcinoma, which might
help to predict the prognosis and predict the effectiveness
of endocrine therapy for gastric carcinoma.
Zhao XH, Gu SZ, Liu SX, Pan BR. Expression of estrogen receptor
and estrogen receptor messenger RNA in gastric carcinoma
tissues. World J Gastroenterol 2003; 9(4): 665-669
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INTRODUCTION
Gastric carcinoma is the most common cause of cancer mortality
in China[1-6] and is responsible for approximately 160 000 deaths
annually. During the last 10 years, there has been no
improvement in survival after the diagnosis of gastric cancer
with an overall 5-year survival rate of 20 %. Surgery remains
the primary treatment of choice. However, the disease is often
advanced at first presentation, and only 30-40 % of patients
undergoing surgery will have a curative resection. The failure
of surgery on the disease has led to the use of chemotherapy
and radiotherapy as adjuvant or palliative means, but their value
is limited because of toxicity and lack of efficacy[7-12]. Since
Jensen discovered the existence of estrogen receptor (ER) in
the cytoplasm of human mammary cancer cells in 1960, many
researchers have also discovered the presence of ER in some
gastric cancer cells, suggesting that these cells can be controlled
and regulated by sex hormones. From this we can infer that
some cases of gastric cancer are hormone-dependent tumor, and
this has stimulated the use of the anti-estrogen compound in its
treatment. In this study, the expression of ER, ERmRNA in
gastric cancer tissues was examined by immunohistochemistry
and in situ hybridization, respectively, and the association of
their expression and clinical significance at molecular
pathological level was also investigated.
MATERIALS AND METHODS
Specimens
Thirty specimens of gastric cancer tissue were collected from
The General Surgical Department and The Tumor Surgical
Department of the First hospital of Xi’an Jiaotong University.
All the cases were pathologically proved to be gastric
carcinoma. Of the patients, 15 were females and 15 males.
Their age ranged from 42 to 70 and the average age was 58.4.
Pathologically 2 cases were papillary adenocarcinoma, 12
tu bular ad enocarcinoma, 13 poo rly diff eren tiated
adenocarcinoma, and 3 signet ring cell carcinoma. According
to Borrmann classfication, 6 cases were type I, 8 type II, 8
type III and another 8 type IV.
ERmRNA in situ Hybridization
The slides were treated with 3-amino propyltri-ethoxy saline
(APES) and with polylysine. The slides were deparaffinized,
hydrated and treated with 30 mL/L H2O2 at room temperature
for 10 minutes to eliminate the endogenous peroxidase. The
slides were incubated with freshly diluted protease K (1:1 000
with 0.01 mol/L Tris buffer saline (TBS)) at 37 for 5 to 15
minutes. After being washed with distilled water three times,
the slides were treated with 2 g/L glycine for 5 minutes,
washed with PBS for 5 minutes, fixed with 40 g/L
polymethanol for 30 minutes, and washed again with PBS
for 5 minutes, dehydrated with gradient alcohol, and then
washed with DEPC, treated with digoxin-labeled probe in
90-100
water for 5 to 10 minutes, and then taken out and
immediately put in shattered ice for 5 minutes. After the slides
became dry in the air, 10 µL in situ hybridization solution
containing digoxin-labeled probe was added onto each slide,
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and the hybridization was conducted in a humidified box for
20 hours. The slides were then washed twice with 2×SSC at
20-30 for 5 minutes and with 1×SSC at 37 for 10miutes,
incubated with mouse anti-digoxin at 20-37 for 30 minutes
and washed with 0.5 mol/L PBS three times, each for 2 minutes.
The slides were then incubated with anti-mouse biotin IgG at
20-37
for 20 minutes, washed with 0.5 mol/L PBS three
times, each for 2 minutes and again incubated with SABC at
20-37
for 20 minutes, washed with 0.5 mol/L PBS four
times, each for 5 minutes. The color reaction was developed
with the addition of DAB, and the slides were counter-stained
with hematoxylin and sealed with xylene.
Negative control: No estrogen receptor probe in the
hybridization solution. The slices showed color directly without
any solution added. Hybridization solution was replaced by
reserve hybridization solution containing no probe.
Positive control: The specimens from 3 women with
mammary cancer and 3 with ovarian cancer, all under 45 years
old, were collected and treated in the same way as in the gastric
cancer specimens.

ER Immunohistochemistry
Consecutive 5 µm thick sections were stained with HE and
by immunohistochemistry separately. The deparaffinized
sections were washed with PBS three times, soaked in 30
mL/L hydrogen dioxide solution for 10 minutes to eliminate
the endogenous peroxidase, washed with PBS three times,
digested with 10 g/L trypsin for 15 minutes (37 ), washed
with PBS three times, heated to 95
in pH 6.0 citric acid
buffer solution for 10 minutes before cooled down to room
temperature, and then washed three times with PBS, and then
blocked with serum (45 ). The sections were then incubated
with the first antibody (1:50) over night, washed three times
with PBS, incubated with biotin-labeled secondary antibody
and then washed with PBS. The sections were finally
incubated with streptavidin biotin peroxidase complex, the
color reaction was developed with the addition of DAB, and
the sections were counter-stained with hematoxylin and
sealed transparently.
Positive cells from in situ hybridization appeared yellow
and the positive stain was mainly located in the nuclei and
cytoplasm around the nuclei. Immunohistochemically positive
cells appeared brown yellow and the positive stain was located
in the cytoplasm. The average positive rate in every case was
calculated in 5 high-power fields. When 10 % or more of the
cancer cells were stained positive in a labeled slice, it was
defined as ER or ERmRNA positive.
Statistical analysis
All data were analyzed with SPSS 8.0 statistical software
(including the accurate four square table probability method
and similar χ2 test) and P<0.05 was considered to have
statistical significance.
RESULTS
Immunohistochemically stained positive cells looked brown
yellow in cytoplasm. The distribution of ER positive cells and
the intensity of positive reaction were uneven (Figure 1). The
smooth muscle cells and the lymphocytes in the interstice and
the mucosa membrane beside the cancer tissue appeared
negative. The positively expressed ERmRNA were mainly
located in cytoplasm and nuclei of cancer cells, next to the
interstice (Figure 2). The number of positive cells was different
in different fields. It was greater in some fields, with 34 positive
cells in a high power field, but in other fields, the positive
cells were scarce or absent. There were weakly hybridized
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positive signals in interstitial smooth muscle cells and
lymphocytes. The tissue beside the cancer appeared negative.
ER positive gastric cancer tissues both in men and women
were more common in Borrmann type IV, histologically it was
more common in poorly differentiated adenocarcinoma and
signet ring cell carcinoma (P<0.05). ERmRNA positive cells
were found in Borrmann type I, II, III and IV (P>0.05).
E Rm RN A ex p r es si o n w as al so f o u n d i n tu b u la r
adenocarcinoma, poorly differentiated adenocarcinoma and
signet ring cells (P<0.05, Table 1).

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

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

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

Female

Total

Pathology
n

ER(+)

%

ERmRNA(+)

%

n

ER(+)

%

ERmRNA(+)

%

n

ER(+)

%

ERmRNA(+)

%

Borrmann I

3

1

33.3

1

33.3

3

0

0

2

66.7

6

1

16.7

3

50.0

II

4

1

25.0

3

75.0

4

2

50.0

3

75.0

8

3

37.5

6

75.0

III

4

1

25.0

3

75.0

4

2

50.0

4

100.0

8

3

37.5

7

87.5

IV

4

2

50.0

4

100.0

4

3

75.0

4

100.0

8

5

62.5

8

100.0

Papillary

1

0

0

0

0

1

0

0

0

0

2

0

0

0

0

Tubular

6

0

0

4

66.7

6

1

16.7

5

88.3

12

1

8.3

10

83.3

Poorly differentiated

7

4

57.1

6

85.7

6

4

66.7

6

100.0

13

8

61.5

11

84.6

Signet ring cell

1

1

100.0

1

100.0

2

2

100.0

2

100.0

3

3

100.0

3

100.0

Nondiffused

9

2

22.2

6

66.7

5

1

20.0

4

80.0

14

3

21.4

10

71.4

Diffused

6

3

50.0

5

83.3

10

6

60.0

9

90.0

16

9

56.3

14

87.5

Lymph node 0

3

0

0

1

33.3

4

0

0

3

75.0

7

0

0

4

57.1

Involvemen ≤3

4

1

25.0

3

75.0

5

3

60.0

4

80.0

9

4

44.4

7

77.8

4~6

6

2

33.3

5

83.3

5

3

60.0

5

100.0

11

5

45.5

10

90.9

>6

2

2

100.0

2

100.0

1

1

100.0

1

100.0

3

3

100.0

3

100.0

≤55

6

3

50.0

4

66.7

9

3

33.3

7

77.8

15

6

40.0

11

73.3

>55

9

2

22.2

7

77.8

6

4

66.7

6

100.0

15

6

40.0

13

86.7

15

5

33.3

11

73.3

15

7

46.7

13

86.7

30

12

40.0

24

80.0

Age
Total

DISCUSSION
In 1960 Jensen reported for the first time that after injecting a
physiological dose of 3H-E2 into the hypoderm of a young
mouse, the amount of 3H-E2 found in the tissues of uterus,
vagina and other parts was far greater than that found in blood
plasma. This proved for the first time that ER protein was
present in the tissues of uterus and vagina. When estrogen
enters target cells, it first combines with its receptor in
cytoplasm, then forms a compound of receptor protein-estradiol
which then enters cell nucleus, binds to the chromatin and
affects the transcription of DNA. To sexual and non-sexual
target organs, estrogen may be a hormone promoting splitting.
There are proved documents that gastric cancer cells have sex
hormone receptors and may be controlled and regulated by
sex hormones, suggesting that gastric cancer in some cases is
hormone-dependent tumor, but the molecular mechanisms
underlying carcinogenesis are still largely unknown[13-17]. A
lot of documents have proved that molecular biology plays an
important role in the development and metastasis of some
cancers, such as endometrial adenocarcinoma [18-20], lung
cancer[21], breast cancer[22-37], apocrine carcinoma[38], leukemia[39]
and prostate cancer[40,41]. But there are very few studies on the
ERmRNA expression in gastric cancer tissues.
With ER examination on the specimens of ten primary gastric
cancer patients (6 men and 4 women), Tokunaga discovered
that 2 cases were ER(+) and the patients were women with
histological undifferentiated cancer. Yanzuoshaner used the
PAP method to analyze 140 specimens of primary gastric
cancer after operation. The results showed that 23 cases were
ER(+) (16.4 %), 6 cases were ER(±) (4.3 %), 111 cases were
ER(-) (79.3 %). Recently, a new estrogen receptor, called
estrogen receptor beta, has been found to be expressed in
various tissues including normal gastrointestinal tract, the effect
of estrogen in stomach cancer, as well as in normal stomach,
might be mediated by ER beta, and the role of ER beta might
differ by the subtype of stomach adenocarcinoma, specifically
signet ring cell adenocarcinomas. But the conclusions needed

more evidence to support [13]. Takano et al reported the
expression of estrogen receptor-alpha and ER-beta mRNAs in
human gastric cancers, and the results showed that the
expression of estrogen receptor-alpha and ER-beta mRNAs
were changed in 20 cases (49 %) and unchanged in 21cases
(51 %). The incidences of lymph node metastasis and liver
metastasis were significantly higher in changed cases than in
unchanged cases [14]. One fourth gastric cancers were ER
positive compared with breast cancers, and gastric cancer
nuclear receptors were also smaller than that of breast cancers
in number[22,23]. Of 95 cases of male patients with gastric
cancers, 12 were ER(+) (12.6 %), of 45 cases of female patients
10 were ER(+) (22.2 %), 11.5 % of men under 50 years old
were ER(+) and 14.5 % of men above 50 years old were ER
(+). There was no marked difference between them, most of
the ER(+) cases were Borrmann II, and most cases of the
histological type were undifferentiated[15-16].
Our results of the present study showed that ER positive
rate was 40.0 % and ER-mRNA positive rate was 80.0 % in
gastric cancers. ER(+) was related to lymph node metastasis
and gastric cancer growth patterns. Furthermore, we also
discovered that the positive rates of gastric cancer ER,
ERmRNA were higher in female than in male. Thus we can
conclude that female gastric cancer patients are more easily
affected by estrogen than male gastric cancer patients. Our
results are similar to the results reported by other scholars.
Many foreign researchers think that compared with other
methods in examining ER protein, the molecular hybridizations
in examining ERmRNA has a higher sensitivity[13-17]. By using
Northern hybridization method Hankin found that the
ERmRNA positive rate of breast cancer was 87.0 %. But by
using the 3H-estradiol method to examine ER protein the
positive rate was only 46.0 %. The two methods showed a
marked difference. In our study, the immunohistochemical
examination showed that the high expression of ER protein
was most common in poorly differentiated adenocarcinoma
and signet ring cell carcinoma. In situ hybridization showed
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that ERmRNA had a high positive expression rate, which was
also found in tubular adenocarcinoma and poorly differentiated
adenocarcinoma of histological hype. What is more noteworthy
is that in 13 cases of ER(-) gastric cancer tissues in situ
hybridization examination showed that ERmRNA was (+). The
reason may be that in situ hybridization probe could hybridize
with mRNA which directs the synthesis of protein of irregular
quality lacking function. The protein may lack the epitope that
can be identified by the ER monoclonal antibody, and there
may be defects present in ER protein synthesis after transcription.
ERmRNA positive signal was also present in interstitial smooth
muscle cells and lymphocytes, which suggests that estrogen
can regulate not only epithelial cells but also interstitial cells.
We speculate that ERmRNA expression has greater value
than ER protein expression in clinical application because of
the high sensitivity of in situ hybridization and the strong
ERmRNA expression in gastric cancer, which can be used to
judge the prognosis of tumor and predict the effectiveness of
endocrine therapy for gastric cancer.
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Abstract
AIM: To investigate the inhibitory effect of a Chinese herb
medicine Astragali radix (AR) on growth of different cancer
cell lines.
METHODS: To observe the in vitro effects of AR on tumor
cell proliferation by trypan blue exclusion, MTS method and
tritium thymidine incorporation assay. Apoptosis was
detected by DNA ladder method.
RESULTS: The inhibition rates of AR on the cell respiration
of AGS, KATOIII, HT29, MDA231, MEL7 and MEL14 were
68.25 %, 62.36 %, 22.8 %, 27.69 %, 2.85 % and 5.14 %
respectively at the concentration of 100 ug/ml; it inhibited
AGS DNA synthesis by 87.33 % at the concentration of 50
ug/ml. The inhibitory effect on AGS was time-and dosedependent. AR did not induce apoptosis in AGS cells.
CONCLUSION: AR specifically inhibits gastric cancer cells
growth in vitro and the mechanism is mainly cytostatic but
not cytotoxic or inducing apoptosis.
Lin J, Dong HF, Oppenheim JJ, Howard OM. Effects of astragali
radix on the growth of different cancer cell lines. World J
Gastroenterol 2003; 9(4): 670-673
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INTRODUCTION
Astragali radix (AR) is the dried root of Astragalus
membranaceus Bge. Var. mongholicus and is used as a tonic
in the traditional Chinese medicine. It has been used extensively
as an adjuvant[1,2] in cancer treatment and as a phytochemical
immune modulator. Kurashige et al. reported that AR lowered
the incidence of urinary bladder carcinoma in N-butyl-N’butanolinitrosoamine treated mice by activating the
cytotoxicity of lymphocytes and increasing the production of
IL-2 and IFN-γ[3]. Lau’s study showed that it also restored the
chemiluminescent oxidative burst activity of murine splenic
macrophage suppressed by renal cell carcinoma[4]. Wang’s
research suggested that an extract of AR had the synergetic
effect with IL-2 in activating LAK cells, resulting in reducing
the dosage of IL-2 and the associated toxicity[5]. In addition,
AR also could promote the proliferation of B cell and the
production of immunoglobulin [6] and has a bidirectional
modulating effect on T cells. It was reported that it could reduce

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

MATERIALS AND METHODS
Cell lines and culture conditions
Human gastric cancer cell lines AGS and KATO-III were
purchased from the American Type Culture Collection. AGS
is a cell line of moderately-poorly differentiated adenocarcinoma
and KATO-III is a cell line of signet ring carcinoma. HT29 is
a cell line of colon cancer and MDA231 is a breast cancer cell
line, both of them were kindly provided by Dr. Bill Murphy.
Mel7 and Mel14 are melanoma cell lines, which were gifted
by Dr. D. Schadendorf. All the cells were cultured in
RPMI1640 medium supplemented with 10 % FBS, 100 U/ml
penicillin, 100 µg/ml streptomycin and Glutamine (GIBCO
BRL, Life Technologies, Grand Island, NY, USA) in a humidified
atmosphere of 95 % air with 5 % CO2 at 37 as a monolayer.
Preparation of herbal extract
AR was purchased from Da Xing Chinese herbal medicines
store in DC, USA. The aqueous extract was prepared by the
Natural Product Branch of National Cancer Institute. 8 grams
of aqueous extract was dissolved in 100 ml distilled water and
centrifuged at 4 000 rpm for 20 min. The supernatant was
passed through a 0.22 µm filter (Corning, Costar, NY, USA)
and reached a final concentration of 80 mg/ml. The solution
for future use.
was aliquoted and stored at -20
AR treatment
The herbal treatment was modified from the anti-cancer drug
screening program of natural product branch in NCI[9]. Cells
were harvested by trypsinization when they were confluenced.
1×104 and 3×105 cells were seeded in each of the 96-well and
6-well plates respectively and cultured in RPMI1640 medium
supplemented with 5 % FBS for 24 hours. Then different
concentrations of AR were added in each well to attain a series
of different concentrations (1, 12.5, 25, 50 and 100 µg/ml)
and incubated for 48 hours for further measurements.
MTS assay
Cell growth was measured by MTS assay. The Cell Titer 96
Aqueous Non-Radioactive Cell Proliferation Assay Kit was
purchased from Promega, WI, USA. Briefly, MTS and PMS
were mixed at the ratio of 20:1 immediately before being added
to the samples. 20 µl of MTS/PMS solution was added to each
of the 96-well plate and incubated at 37 in a humidified 5 %
CO2 atmosphere for 3 hours. The absorbance was read at 490
nm using Bio-Tek’s Power Wave x reader-assay system (BIOTEK Instruments INC, VT, USA). Each sample was triplicated.
3
H-thymidine incorporation assay
Cell DNA synthesis was measured by 3 H-thymidine
incorporation assay. At the end of herbal treatment, 1 µCi of
3
H-thymidine was added in each well of a 96-well plate. Then
the plate was incubated at 37
in a humidified 5 % CO2
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Inhibition rate (%)

atmosphere for 4 hours and stored at -70 overnight. On the
second day, the frozen plate was thawed at 37 and the DNA
was transferred to the filtermat using multi-channel cell
collector. The filtermat was washed with distilled water thrice
and 95 % alcohol once. 4.5 ml Betaplate Scint was added to
the filtermat and read the filtermat with liquid scintillation and
luminescence counter (Perkin Elmer Wallac Inc. MD, USA).
Each sample was quadruplicated.
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Cell viablility assay
Cells were cultured and treated in 6-well plate. At the end of
the treatment, the cells were collected by trypsinization and
counted with 1 % Trypan-blue. Each sample was triplicated.

Statistical analysis
The inhibition rate was calculated by the following formula:
inhibition rate (%)=(OD/CPMcontrol-OD/CPMtest)/OD/
CPMcontrol×100 %. Student’s t-test was used to compare
the results. All P values were described by two-tailed analysis.
P<0.05 was considered statistically significant.
RESULTS
Growth inhibiting effect of AR on different cancer cell lines
Figure 1 illustrated the inhibiting effects of AR on the
proliferation of 6 tumor cell lines, including AGS, KATOIII,
HT29, MDA231, MEL7 and MEL14, measured by MTS
method. It was found that after 48 hours incubation, 100 µg/
ml of AR had greater inhibiting effect on gastric tumor cell
lines of AGS and KATOIII than the other cancer cell lines. It
inhibited the growth of AGS and KATOIII by 68.25 % and
62.36 % respectively, compared to only 22.8 %, 27.69 %,
2.85 % and 5.14 % reduction in cell growth of HT29, MDA231,
MEL7 and MEL14. It appeared to be selectively inhibiting
the growth of gastric cancer cell line.
Effect of AR on AGS viability
Whether the inhibitory effect of AR on AGS growth was
cytotoxic was determined by the trypan blue measurement.
Figure 2 showed the viable cell numbers of AGS treated with
different concentrations of AR. In the range from 1 to 50 µg/
ml, AR had a dose-dependent inhibiting effect on AGS growth
and almost completely inhibited the AGS growth at the
concentration of 50 µg/ml, of which the cell number of the
test group was very close to the cell number seeded at the
beginning of the test and few cells were stained blue. However,
at the concentration of 100 µg/ml, AR showed cytotoxicity on
AGS, of which the cell number was lower than the initial
cell number.

50
27.69%
22.80%

25

2.85%
0

5.14%

AGS KATOIII HT29 MDA231 MEL7 MEL14
Cancer cell lines

Figure 1 Effect of AR on the growth of 6 cancer cell lines. Cells
were treated with AR at the concentration of 100 µg/ml for 48
hrs and cell growth was measured with MTS method.
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Figure 2 Effect of AR on AGS viability. AGS cells were treated
with different concentrations of AR for 48 hrs and cell viability
was measured with trypan blue. At or below the concentration of 50 µg/ml, AR was not cytotoxic to AGS cells. But at the
concentration of 100 µg/ml, it showed cytotoxicity on AGS.

Dose-dependent and time-dependent effects of AR on AGS growth
The dose-dependent and time-dependent effects of AR on AGS
growth were observed by MTS assay. AGS cells were treated
with different concentrations of AR for 48 hours. Figure 3
showed that the inhibitory effect of AR on AGS was
proportional to the extract concentrations. In the time-course
experiment, AGS cells were treated with 50 µg/ml of AR and
incubated for 6, 12, 24 and 48 hours respectively. In Figure 4,
it was found that AR began to inhibit the cell growth
significantly at the 12th hour and the effect was also improved
linearly while prolonging the incubation time.
75
68.25a
Inhibition rate (%)

DNA ladder analysis
DNA ladder was measured as described previously[10] with
some modification. Briefly, 1×106 cells in 0.5 ml were lysed
in 1 ml DNA lysis buffer containing 1 M Tris-HCl, 0.2 M
EDTA, 4 M NaCl, 20 % SDS and 400 µg/ml proteinase K)
and incubated at 37 overnight. DNA was extracted in Phase
LockGel eppendorf (Eppendorf Scientific Inc. NY, USA) with
an equal volume of phenol/choloroform/isoamyl alcohol
(25:24:1) and precipitated with 2 volumes of ice-cold 100 %
ethanol and 1/10 volume of 3 M sodium acetate at -70 for 1
hr. DNA was collected, washed with ice-cold 70 % ethanol
once and dried in air. Then DNA was dissolved in TE buffer
for 1 hr.
containing 10 µg/ml RNase I and incubated at 37
Equal amounts of DNA (10 µg/well) were electrophoresed
in 1.8 % agarose gels impregnated with ethidium bromide
(0.1 µg/ml) for 2 hr at 70 V. DNA fragments were visualized
by UV transillumination.
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Figure 3 Dose-dependent effect of AR on AGS growth. AGS
cells were treated with a serial of diluted concentrations (1,
12.5, 25, 50 and 100 µg/ml) of AR for 48 hrs and cell growth
was measured with MTS method. The inhibition effect of AR
was improved accompanied by increase of concentration.
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Figure 4 Time-dependent effect of AR on AGS growth. AGS
cells were treated with 50 µg/ml of AR for 6, 12, 24 and 48 hrs.
The cell growth was measured by MTS method. The inhibition
effect of AR on AGS growth was enhanced with incubation time.

Effect of AR on AGS DNA synthesis
Tritium-labeled thymidine incorporation assay was used to
evaluate the effect of AR on AGS DNA synthesis. AGS cells
were treated with different concentrations of AR for 48 hours.
Figure 5 demonstrated that AR could significantly inhibit the
DNA synthesis of AGS. It was also observed that the inhibiting
effect of AR increased sharply from the concentrations of
1 µg/ml to 25 µg/ml and it increased slowly from then on.
100
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50.37a

21.71a
0

87.33a

0

a

25

P<0.05 vs control

50
75
100
Extract concentrations (µg/ml)

125

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

Effect of AR on AGS apoptosis
DNA fragmentation method was used to observe whether
apoptosis was induced in AGS by AR. AGS cells were treated
with different concentrations of AR for 48 hours. However,
there was no DNA ladder appeared in the electropheresis gel.
So the herbal extract had no effect on AGS apoptosis.
DISCUSSION
AR is a tonic herbal medicine which is used as an adjuvant
extensively in the treatment of various cancers, such as lung
cancer, digestive tract cancers, renal cancer, bladder cancer[1,2,11],
melanoma and AIDS[12]. It had been reported that it could
improve the host immune function suppressed by tumors and
relieve the marrow suppression induced by chemotherapeutic
agents so that it could make the patients more tolerant to
chemotherapeutic therapy. Although there were some studies
showing that AR could inhibit the tumor growth in vivo, the
anti-cancer effect was testified through activating the activity
of Th, LAK and macrophages and promoting the production
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of IL-2 and IFN-γ. However, whether it has direct inhibition
effect on tumors cells has not been elucidated yet.
In this study, 6 different cancer cell lines were used to test
the inhibitory effect of AR. After 48 hours incubation, AR
inhibited the gastric cancer cell lines of AGS and KATOIII
growth by 68.25 % and 62.36 %, compared to the inhibition
rates of colon cancer cell line HT29, breast cancer cell line
MDA231 and melanoma cell lines of Mel7 and Mel14 which
were 22.8 %, 27.69 %, 2.85 % and 5.14 % respectively,
suggesting that AR has anti-cancer effect on gastric cancer
cell lines. To fully confirm this, many other kinds of cancer
cell lines should be tested in order to determine the specificity
of the effect. AGS and KATOIII are two different gastric cancer
cell lines. AGS is a moderately-poorly differentiated
adenocarcinoma cell line while KATOIII is a cell line of signet
ring cell carcinoma, but AR has almost the same inhibitory
effect on both cell lines.
Many herbal extracts can inhibit cell growth in vitro through
their cytotoxic effect[13-16]. We determined whether the inhibitory
effect of AR was due to cytotoxicitiy. In order to clarify this
question, we measured the cell growth with trypan blue
exclusion method. The initial cell number was 300 000/well
and in the untreated wells the cell number reached 990 000/
well after 48 hours incubation. The cell number in testing group
treated with 1 µg/ml of AR was 943 500/well (P>0.05, vs
control group). However, the cell numbers of the other testing
groups treated with AR from the concentrations of 12.5 µg/ml
to 100 µg/ml were significantly lower than that of the control
group and but higher than the initial cell number except for
the testing group treated with 100 µg/ml AR, whose cell number
was only 243 000/well (P=0.017, compared to the initial cell
number). Few cells stained trypan blue could be seen in the
testing groups treated with AR at the concentration lower than
100 µg/ml. So the inhibition effect of AR at the concentrations
of 50 µg/ml or below was not cytotoxic while AR is cytotoxic
to AGS cell at the concentration of 100 µg/ml. Further studies
showed that the inhibition effect of AR on AGS was dose- and
time-dependent. The maximal concentration without
cytotoxicity was around 50 µg/ml and the corresponding
inhibition rate was 60.48 %. AR came into effect at the 12th
hour and reached its peak at the 48th hour.
One characteristic of the tumor cells is that their rapid
proliferations are accompanied by DNA synthesis and cellular
replication. Tritium labeled thymidine incorporation assay
reflects the cellular DNA synthesis. Our results showed that
the DNA synthesis of AGS was significantly inhibited by AR.
The inhibition rate increased sharply from 21.71 % to 81.86 %
at the concentrations ranging from 1 µg/ml to 25 µg/ml, then
it reached a plateau. So AR might suppress AGS cell growth
through inhibition of DNA synthesis. The inhibition rates of
AGS cell growth expressed by MTS method and tritium labeled
thymidine incorporation assay were different. The latter was
higher than the former. This maybe attributed to that MTS and
tritium labeled thymidine incorporation assay were two
different indirect measurements used in cell growth evaluation.
MTS reflects the cell growth at the level of cell respiration
while tritium labeled thymidine incorporation assay at the level
of DNA synthesis. When the cellular DNA synthesis is
suppressed, the cells might be in an inactive status in which
the cells could still respire. So the inhibition rate of cell growth
expressed by MTS is lower than that expressed by tritium
labeled thymidine incorporation assay.
Apoptosis is a kind of programming cell death whose
impairment may induce cell immortality and carcinogenesis[17].
Some agents such as aspirin, indomethacin and arsenic
trioxide[10,18] and some herbs such as Anemarrhena asphodeloides
Bunge, Albizzia Lucidior I. Nielsen and Paeoniae radix[19-21]
were reported to have the ability of inducing apoptosis in gastric
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cancer cells and inhibiting their growth. However, apoptosis
could not be observed in AGS cells treated with AR. Combined
with the results of trypan blue experiment that there were few
cells, which were treated with AR, stained blue, the inhibition
effect of AR on AGS is not through the mechanism of cytotoxic
or apoptosis.
The aqueous and organic extracts of AR were used in this
study. But the organic extract had no effect on AGS growth
(data not shown). So the effective anti-cancer components are
in the aqueous extract. Polysaccharide[22], astragaloside[23], and
flavonoids[24] have been found in AR. Some studies showed
that the polysaccharides and flavonoids from other herbs had
the anti-tumor efficiency in vitro and in vivo[25-29]. But up to
now, there has no evidence showing that these compounds
from AR have anti-cancer activity in vitro. Hence, further
studies are required. Selenium toxicity has been confirmed in
the livestock consuming plants of the genus Astragalus and
selenium was reported to have the carcinostatic activity in the
animals[30,31]. So selenium might play a critical role in AR
inhibiting AGS growth.
In conclusion, the inhibitory effect of AR on the growth of
gastric cancer cell line of AGS is mainly cytostatic.
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Abstract
AIM: To evaluate the expression of cyclooxygenase (COX2) and the relationship with tumor angiogenesis and
advancement in gastric adenocarcinoma.
METHODS: Immunohistochemical stain was used for
detecting the expression of COX-2 in 45 resected specimens
of gastric adenocarcinoma; the monoclonal antibody against
CD34 was used for displaying vascular endothelial cells, and
microvascular density (MVD) was detected by counting of
CD34-positive vascular endothelial cells. Paracancerous
tissues were examined as control.
RESULTS: Immunohistological staining with COX-2-specific
polyclonal antibody showed cytoplasmic staining in the cancer
cells, some atypical hyperplasia and intestinal metaplasia,
as well as angiogenic vasculature present within the tumors
and prexisting vasculature adjacent to cancer lesions. The
rate of expression of COX-2 and MVD index in gastric cancers
were significantly increased, compared with those in the
paracancerous tissues (77.78 vs 33.33 %, 58.13±19.99 vs
24.02±10.28, P<0.01, P<0.05, respectively). In 36 gastric
carcinoma specimens with lymph node metastasis, the rate
of COX-2 expression and MVD were higher than those in
the specimens without metostasis (86.11 vs 44.44 %,
58.60±18.24 vs 43.54±15.05, P<0.05, P<0.05, respectively).
The rate of COX-2 expression and MVD in the specimens
with invasive serosa were significantly higher than those in
the specimens without invasion to serosa (87.88 vs 50.0 %,
57.01±18.79 vs 42.35±14.65, P<0.05, P<0.05). Moreover,
MVD in COX-2-positive specimens was higher than that in
COX-2-negative specimens (61.29±14.31 vs 45.38±12.42,
P<0.05). COX-2 expression was positively correlated with
MVD (r=0.63, P<0.05).
CONCLUSION: COX-2 expression might correlate with the
occurance and advancement of gastric carcinoma and is
involved in tumor angiogenesis in gastric carcinoma. It is
likely that COX-2 by inducing angiogenesis can be one of
mechanisms which promotes invasion and metastasis of
gastric carcinoma. It may become a new therapeutic target
for anti-angiogenesis.
Li HX, Chang XM, Song ZJ, He SX. Correlation between expression
of cyclooxygenase-2 and angiogenesis in human gastric
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INTRODUCTION
COX is a key enzyme in the conversion of arachidonic acid to
prostaglandin, and two isoforms of COX, namely COX-1 and
COX-2, have been identified [1,2]. COX-1 is constitutively
expressed in many tissues and is considered to be involved in
various physiological functions, whereas COX-2 is induced
by pathological stimuli, such as inflammation, various growth
factors and cytokines produced by tumor cells[1-3].
Epidemiologic studies showed that nonsteroidal antiinflammatory drugs (NSAIDs), known to inhibit COX, could
reduce the incidence rate and mortality from digestive tract
carcinomas[4-10]. In rodent models of FAP, a genetic disease
leading to colonic carcinoma, blockade of COX-2, suppresses
intestinal polyp formation[11]. Increased COX-2 expression has
been reported in colorectal, pancreatic, hepatocellular and other
cancers[12-20]. Taken together, these data provide strong evidence
for the importance of COX-2 in oncogenesis.
It has been reported that tumor angiogenesis play an
important role in tumor growth, invasion and metastasis[21-25].
We investigated the expression of COX-2, MVD in human
gastric cancer. The aim of this study was to determine the
relationship between COX-2 and tumor angiogenesis,and the
development, progression of gastric cancer. The further
understanding of oncogenesis might provide a new approach
to tumor therapy.
MATERIALS AND METHODS
Materials
45 patients with gastric adenocarcinomas confirmed
pathologically underwent gastrectomy in our hospital from
January 2000 to October 2001. From these subjects, gastric tumor
and paracancerous tissues (more than 5 cm away from the lesion)
were obtained from resected specimen. Among them, 35 were
male, and 10 female, with a mean age of 57.51±10.73 (33 to
78). Patients who had received radiotherapy or chemotherapy
before gastrectomy were excluded.Histologically, they were
classified by the WHO criteria, 5 were highly differentiated
adenocarcinoma, 10 moderately-differentiated, 27 poorlydifferentiated, 3 undifferentiated. As regards to the size of cancer,
20 were <5 cm, 25 5 cm. 33 tumors invaded to the serosa and
12 tumors not.36 cases had local lymph node metastasis.
Reagents and methods
Antibody against COX-2 was purchased from Santa Cruz
Biotechnology. Inc; antiboby against CD34 and ready to use
SP immunohistochemical reagent box were purchased from
Fijian Maixin CO, Ltd. Formalin-fixed, paraffin-embedded
surgical specimens from 45 cases of gastric carcinoma were
available and sliced sequentially with a thickness of 4 µm.
The slices carrying the detected antigen were dyed with SP
immunohistochemical staining method, and those in the control
group were dyed according to the above method, with the first
antibody substituted by PBS.
Statistical methods
The data were presented as x±s; numerical variable by χ2 test;
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enumeration data by t test; COX-2 relationship with MVD by
spearman rank correlation test (depending on the quantitative
index of COX-2 and MVD).

RESULTS
The cytoplasm of the gastric cancer cells stained with brown
granules were identified to be COX-2 positive. Only nucleuses
stained blue were identified to be COX-2 negative. COX-2
expression was scored semi-quantitatively according to the
density and the percentage of positivity into score 0, 1, 2, 3. A
minimum of 10 high power view were used to assess COX-2
expression level. If the sum of two scores was 1-3, the slice
would be considered as low-expression of COX-2. If 4-6, it
would be considered as high-expression of COX-2. Vascular
endothelial cells were considered CD34-positive if their
cytoplasm stained brown or brownish yellow. The microvessels
were counted according to the number of single endothelial
cell or endothelial cell clustor showing brownish yellow
granules in the cytoplasm. The slices were observed first
microscopically under the low power (×40),then selected the
most dense area of microvessels was selected to be observed
under high power (×200, the surface area of every visual field
was 0.785 mm2), and the number of microvessels in 3 visual
field were counted and took the average as MVD of this
specimen[26].
COX-2, MVD expression and distribution
77.78 % (35/45) cases of gastric carcinomas showed COX-2
positive expression while high-expression was detected in 22
cases, low-expression in 13. 33.33 % (15/45) cases of
paracancerous tissues showed COX-2 positive expression while
high-expression was only detected in 3 cases. The rate and
density of COX-2 expression in cancerous tissues were
significantly higher that in paracancerous tissues (χ2=18,
χ2=6.09, P<0.005, P<0.05, respectively). The positive COX2 staining was mainly diffusely located as brownish yellow
stained granules in the cytoplasm. Immunohistological analysis
revealed cytoplasmic staining in the neoplastic cells (Figure1),
atypical hyperplasia and intestinal metaplasia. In addition,
COX-2 was also detected in the angiogenic vasculature present
within the tumors and preexisting vasculature adjacent to cancer
lesions (Figure 2). In contrast, normal epithelium or stroma
occasionally showed weak staining pattern or didn’t.
The mean MVD in gastric carcinoma was significantly
higher than that in para-cancerous tissues (58.13±19.99,
24.02±10.28, t=10.18, P<0.001). The positive expression of
CD34 was mainly presented as brownish yellow or brownish
granules in the cytoplasm of vascular endothelial cell (Figure
3). New blood vessles in the cancerous lesions had no regular
contour and were not evenly distributed.
The relationship between the rate of COX-2 expression and MVD
The result showed that MVD (61.29±14.31) in the COX2-positive gastric cancerous tissues was higher than that
(45.38±12.43) in the COX-2-negative one (t=5.64, P<0.001).
The expression of COX-2 was positively correlated with
MVD (r=0.63, P<0.05).
The relationship between the expression of COX-2, MVD and
pathological features of gastric carcinoma
In Table 1, the associations between COX-2, MVD expression
and the pathological features were shown. Both COX-2 and
MVD were not correlated with tumor size, tumor histological
type. However, there was correlation between COX-2, MVD
and depth of invasion and lymph-node metastasis of gastric
carcinoma respectively.

Figure 1 COX-2 expression in gastric adenocarcinoma.

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

Figure 3 CD34 expression in the cytoplasm of vascular endothelial cell within gastric adenocarcinoma.
Table 1 The relationship between COX-2, MVD and pathological features of gastric carcinoma
Pathological characteristics

Positive
COX-2(%)

MVD
x±s

Tumor size
<5 cm
15(75.0)
60.64±18.55
5 cm
20(80.0)
55.68±17.98
25
Depth of invasion
Invading serosa
29(87.88)a
57.01±18.79c
Noinvasion to serosa
6(50.0)
42.35±14.65
Degree of differentiation
Well differentiated
12(80.0)
52.45±17.67
Poorly differentiated
23(76.67)
57.32±18.20
Lymph-node metastasis
Positive
31(86.11)b
58.60±18.24d
negative
4(44.44)
43.54±15.05

Total

20

33
12
30
15
36
9

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

a

DISCUSSION
Human gastric mucosa normally expresses no detectable levels
of COX-2 protein[27,28]. In the current study, we found that the
rate of COX-2 expression in gastric cancer was significantly
increased, compared with that in the paracancerous tissues,
the expression of COX-2 showed cytoplasmic staining, not
only in cancerous cells but also in precancerous lesion such as
atypical hyperplasia and intestinal metaplasia. A similar pattern
of COX-2 expression has previously been found in human
gastric cancer[29-34]. The above data demonstrated that COX-2
was up-regulated in human gastric cancer, suggesting COX-2
may play an important role in occurrence of gastric cancer,
being a relatively early event in the carcinogenesis of stomach.
Here, we also analyzed the relationship between COX-2
expression and clinical pathological features in gastric
carcinoma. It was shown that the rate of COX-2 expression
was correlated closely with the depth of tumor invasion,
indicating COX-2 may contribute to invasive growth of gastric
carcinoma. The rate of COX-2 expression of gastric carcinoma
with lymph-node metastasis was higher than that without
suggesting the increase of its expression in gastric cancer tissue
can promote lymph-node metastasis. It seemed more likely
that COX-2 probably heightened viability and increased
infiltrative potential of gastric cancer. The mechanism was not
clear. Tsujii concluded that overexpression of the COX-2 gene
as a result of transfection promoted invasiveness in wild type
human colon carcinoma cell lines through the induction of
metalloproteinase-2 and membrane-type metalloproteinase[35].
Rat intestinal epithelial cells that overexpressed COX-2 protein
were found to be resistant to butyrate-induced apoptosis and
had elevated bcl-2 protein expression and decrease expression
of both E-cadherin and the transforming growth factor-β
receptor[36]. Each of these changes has been linked to enhanced
tumorigenic potential and increased tumor invasiveness.
Therefore, the above data further indicated that COX-2 might
play an important role in gastric tumorigenesis and tumor
progression.
Recently the relation of COX-2 and tumor angiogenesis is
emphasized. One of the mechanisms by which PGE2 supports
tumor growth is by inducing the angiogenesis necessary to
supply oxygen and nutrients to tumors >2 mm in diameter[37,38].
Masferrer[39] reported that SC-236, a COX-2-selective inhibitor,
was effective in reducing angiogenesis driven by bFGF in the
matriel rat model, whereas SC-560, a COX-1-selective inhibitor
was ineffective. He also observed COX-2 expression in newly
formed blood vessels within tumors grown in animals, whereas
under normal physiological condibions the quiescent
vasculature expressed only the COX-1 enzyme, indicating
COX-2-derived prostaglandins contributed to tumor
angiogenesis[40]. In our study, COX-2 expression was also
detected in the angiogenic vasculature present within the
tumors and preexisting vasculature adjacent to cancer lesions,
suggesting COX-2 may induce newly formed blood vessels to
sustain tumor cell viability and growth. COX-2 was also
expressed within atypical hyperplasia, intestinal metaplasia and
neovasculature in the paracancerous tissue, indicating COX-2
may promote precancerous lesion to cancer by new blood
vessel formation.
MVD is a reliable index of tumor angiogenesis[41]. We found
that the MVD in COX-2 positive tumors was significantly
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higher than that in COX-2 negative tumors, MVD in gastric
carcinoma was higher than that in paracancerous tissues,
suggesting its distribution was similar to the pattern of COX2 in gastric carcinoma. A close correlation was present between
MVD and COX-2 (P<0.01), indicating COX-2 was closely
related to tumor angiogenesis further, and may be one of
important factors involved in gastric carcinoma angiogenesis.
In addition, MVD in the specimens with lymph node metastasis
was significantly higher than that without and it was also
correlated closely with the depth of tumor invasion,suggesting
that tumor angiogenesis in gastric carcinomas might result in
cancer cells entering blood circulation, and the lymph node
metastasis could be promoted when the gastric cancer cells
invade lymphatic vessels. Both COX-2 and MVD were
associated with the depth of invasion and lymph-node
metastasis, suggesting the effect of COX-2 on angiogenesis
can promote metastatic protential as well as tumor invasiveness.
Therefore, inducing tumor angiogenesis may be one of
mechanisms which COX-2 promotes the development and
metastasis of gastric cancer.
In conclusion, COX-2 expression in gastric adenocarcinoma
was higher than that in the paracancerous tissues, and was
related to lymph node metastasis and the depth of invasion,
suggesting COX-2 might correlate with the occurance and
advancement of gastric carcinoma; COX-2 expression in
gastric carcinoma was closely related to MVD, suggesting
COX-2 might be involved in tumor angiogenesis in gastric
carcinoma, it is likely that COX-2 inducing angiogenesis may
be one of mechanisms which COX-2 promotes the invasion,
metastasis of tumor in gastric carcinoma. These findings
suggest that COX-2 may be a new therapeutic target for antiangiogenesis.
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Abstract
AIM: In order to assess hepatocellular carcinoma associated
antigen HCA587 as a potential target for immunotherapy,
the Bac-to-Bac expression system was used to express
recombinant protein HCA587 in insect cells.
METHODS: The cDNA encoding HCA587 gene was cloned
into donor vector pFasBacHtb and recombinant pFasBac Htb587 was transformed into competent cells DH10Bac.
Recombinant Bacmid-587 was transfected into Sf9 insect
cells using CELLFECTIN, Recombinant HCA587 protein was
produced in Sf9 insect cells after infection with recombinant
baculovirus, and was purified using Ni-NTA resin. Sera from
HCC patients were also screened using recombinant protein
HCA587.
RESULTS: The molecular weight of the recombinant protein
HCA587 expressed in insect cells was approximately 43kd.
Western blot results proved the recombinant protein HCA587
had the similar antigenicity with its native counterpart.
Serological analysis told that the rate of seroreactivity to
HCA587 was not high in HCC patients.
CONCLUSION: The recombinant protein HCA587 was
successfully expressed and purified using Bac-to-Bac
expression system. It paved the way for generation of specific
antibody and investigation of immunohistochemical analysis
and immune responses of HCC in the future.
Li B, Wu HY, Qian XP, Li Y, Chen WF. Expression, purification
and serological analysis of hepatocellular carcinoma associated
antigen HCA587 in insect cells. World J Gastroenterol 2003; 9
(4): 678-682
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INTRODUCTION
The recent developments in the molecular characterization of
human tumors and a better understanding of tumor
immunology have led to the identification of different kinds
of tumor-associated antigens[1-5]. Of these antigens, Cancer/
testis antigens (CT antigens) have played important roles as
targets for cancer vaccine development because of their
characteristic expression pattern in cancer and testis[6-9]. Many
promising results have been achieved in tumor immunotherapy

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

MATERIALS AND METHODS
Expression system, insect cells and sera
The Gibco BRL BAC-TO-BAC Baculovirus expression system
consists of the transposing vector pFasBacHTb, CELLFECTIN
reagent and Max Efficiency DH10Bac competent cells which
contain Bacmid (baculorivus shuttle vector plasmid) and helper
plasmid to be used to generate recombinant Bacmids. Sf9 insect
cells were cultured at 27 in SF-900 SFM (Cell culture media
and reagents were Gibco BRL brand). All sera of HCC were
collected from Peking University teaching hospitals with the
agreements of HCC patients.
Amplification and DNA sequencing of gene HCA587
The oligonucleotide primers specific for gene HCA587 were
designed and synthesized by Sangon biotechnology company
(P1: 5’ATCGGATCCCCTCCCGTTCCAGGCGT 3’, P2:
5’ACTAAGCTTTCACTCAGAAAAGGAGAC 3’). The
cDNA produced from normal testis was amplified as template.
The PCR products were cloned into pGEM-T-easy vector and
sequenced with T7 and SP6 primers by the dideoxy chain
termination method using the BigDye Terminator cycle
sequencing kit and an ABI PRISM automated DAN sequencer.
Construction of pFasBac HTb-587 plasmid
pFasBac HTb donor plasmid and pGEM-T-easy-587 were
prepared by digesting with restriction enzymes BamHI and
HindIII. The fragments of interests were purified and recovered
from gel using clontech DNA purification system. After ligated
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by T4 DNA ligase, the ligation mixture were transformed into
DH5α competent cells. The recombinant plasmid pFasBac
HTb-587 was identified by restriction endonuclease digestion.

Generation of recombinant bacmid DNA
Recombinant pFasBac HTb-587 plasmids were transformed
into Max Efficiency DH10Bac competent cells, and the gene
of interest was transposed into Bacmid through lacZ gene
disruption. White clones, containing the recombinant Bacmids
were selected on Luria agar plates with 50 µg/ml kanamycin,
7 µg/ml gentamicin, 10 µg/ml tetracycline, 100 µg/ml Bluogal, and 40 µg/ml IPTG. After 36 h incubation at 37 , Highmolecular-weight DNA was isolated from the overnight
cultures as described in the manual. PCR analysis was used to
verify successful transposition to the recombinant Bacmid with
M13/pUC primes.
Transfection of Sf9 cells with recombinant bacmid-587
The minipreparations of recombinant Bacmid DNA were
transfected into Sf9 insect cells using CELLFECTIN reagent.
For each transfection, 9×105 cells were seeded in a 6-well plate
and allowed to attach for at least 1 h. The Lipid reagent and
Bacmid DNA were diluted separately into 100 µl of SF-900
SFM without antibiotics, then combined to form lipid-DNA
complexes. The lipid-DNA complexes were diluted to 1 ml
with SFM and laid over the washed Sf9 cells. The cells were
incubated for 5 h at 27 , rinsed, and incubated for another
72 h. Recombinant baculovirus were harvested from
supernatant and titrated by viral plaque assay. The expression
of recombinant protein HCA587 was analyzed by western blot.
Expression and purification of HCA587 from Sf9 insect cells
The recombinant baculovirus were amplified from the
suspension cultures of Sf9 cells at MOI of 0.1. We analyzed
the effects of several factors in various combinations on the
level of protein expression, the factors were: adherent or
suspension cultures in different densities; multiplicity of
infection (MOI) and recombinant virus replication time. Since
the expressed recombinant protein contained 6×histidine tag
at N-terminal, it was purified using Ni-NTA resin conveniently
according to the manufacturer’s instructions. SDS-PAGE was
performed to analyze the purified protein from the infected
cells.
Serological analysis of recombinant HCA587 protein
To analyze the anti-HCA587 antibody in sera of patients,
Western blot method was used to screen the reactivity of
recombinant HCA587 to sera from 81 HCC patients. The serum
was diluted 1/250 as primary antibody, and rabbit-anti- human
IgG, conjugated to AP, were used as secondary antibodies. In
this assay, the negative control was the serum from healthy
volunteers.
RESULTS
Identification of recombinant pFasBacHTb-587 and Bacmid-587
The fragments of gene HCA587 were amplified by PCR using
specific primers (Figure 1) and sequenced to ensure the
correctness of the ORF. Restriction endonuclease digestion
was performed to verify the correct insertion of the gene
HCA587 in the recombinant pFasBacHTb-587. The gel
electrophoresis in 1 % agarose showed 1.2kb of HCA587 and
4.8kb of pFasBacHTb donor plasmid (Figure 2).
The Bacmid DNA is >135kb. Verification of the insertion
of the gene HCA587 in recombinant Bacmid-587 is difficult
using classical restriction endonuclease digestion analysis. So
PCR was used to confirm the recombinant Bacmid-587. The
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pUC/M13 amplification primers are directed at sequences on
either side of the mini-attTn7 site with the lacZ α-complemention
region of the Bacmid. Amplification products from
transposition of recombinant bacmid-587 generated a band of
3.5kb (lane1,2) while amplification of the non-recombinant
Bacmid plasmid generated a 300bp band (lane3,4) (Figure 3).
1

2

3

1.2kb

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

2

3

4
6.0kb
4.8kb

1.2kb

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

2

3

4

5

3.5kb

300bp

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

Transfection of Sf9 cells and amplification of recombinant
virus
Recombinant Bacmid-587 was isolated from overnight cultures
and transfected into insect cells sf9 with CELLFECTIN
reagents. Infected and uninfected sf9 cells can be distinguished
by morphology. Uninfected cells continued to divide and form
a confluent monolayer while infected cells stopped dividing
and enlarged (data not shown).
The Bacmid-587 transfected cells were collected and
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analyzed for recombinant protein expression by western blot.
Figure 4 showed a specific expressed protein band at 43kd as
expected, while no specific band apperared in Sf9 cells without
transfection (lane 3). Viral plaque assay showed the viral titer
could reach 5×108 pfu/ml after amplifying the primary virus
in Sf9 suspension cell culture.
1

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

3

1

61kd
45kd
36kd

43kd

2

3

43kd

26kd

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

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

2

3

4

Figure 6 Western blot of recombinant HCA587 reacting with
positive serum. (lane 1: protein marker; lane 2: positive serum
of HCC; lane 3: negative control).
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

45kd

43kd

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

5

43kd

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

Identification of antigenicity of the recombinant protein HCA587
In order to know if the recombinant protein HCA587 has the
similar antigenicity with its native counterpart, the serum
containing antibodies which recognize native HCA587 was
used as primary antibody in western blot analysis. Figure 6
showed that the recombinant protein HCA587 was able to react
with the specific antibody in serum (lane 2) while no reactivity
was seen in negative control (lane 3), indicating it’s similar
functions with natural counterpart.
Reactivity of allogeneic HCC sera to recombinant protein
HCA587
To determine the anti-HCA587 antibody produced in HCC
patients, Sera collected from 81 allogeneic HCC patients were

DISCUSSION
HCA587 was one of the SEREX-defined CT antigens identified
from HCC patients [14] . The protein of HCA587 was
immunogenic and capable of inducing an antibody response
as it was cloned by serologic method from the sera of HCC
patients. In view that the SEREX-defined NY-ESO-1 can
induce a CTL response and CTL-defined MAGE-1 has also
been identified by SEREX[17,18], this suggests that HCA587, as
a CT antigen, may possibly contain both B and T epitopes and
can elicit CTL responses. Because CTLs represent a major
arm of the immune response against cancer, the elicitation of
a specific CTL response against tumor Ags is one of the main
aims of current immunotherapy trial. Therefore, it is crucial to
define CD8+ T cell epitopes in HCA587 protein, which may
determine its potential vaccine candidates for HCC
immunotherapy. In addition, the mRNA expression rate of CT
antigens can reach 70 %(14/20) in liver cancer tissues from
HCC patients but not in normal liver tissue or cirrhosis,
indicating its potential functions in tumorigenesis[14]. Current
knowledge about this expression pattern is mainly based on
RT-PCR analysis, not based on protein levels [19-21], So
immunohistochemical analysis of HCA587 antigen expression
in HCC tissues is very necessary. Expression and purification
of HCA587 protein makes both CTL-mediated responses and
immunlohistochemical study become possible.
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Bac-to-Bac baculovirus expression system was developed
which allows rapid and efficient generation of recombinant
baculovirus. With this system, recombinant virus DNA isolated
from selected colonies is not mixed with parental virus which
eliminate the need for multiple rounds of plaque purification.
High-titer virus are produced from the initial transfection too.
These features reduce the time to identify and purify
recombinant virus from 4 to 6 weeks to 7 to 9 days. In the
present study, The cDNAs of the HCA587 were subcloned
into pFasBacHTb donor vector at the BamHI and HindIII sites.
The recombinant bacmid-587 was constructed by transposing
a mini-Tn7 element from a pFasBacHTb donor plasmid to the
mini-attTn7 attachment site on the bacmid when the Tn7
transposition functions are provided in trans by a helper
plasmid in DH10Bac competent cells. After transfecting the
recombinant bacmid-587 to Sf9 cells, we successfully
expressed and purified the recombinant protein HCA587 which
contained 333 amino acids with 6 his tags at its N-termianl,
which makes the purification procedure more convenient with
its high affinity to Ni-NTA resin[22,23].
Western blot analysis showed that the recombinant protein
HCA587 has the similar immunological reactivity with its
natural counterpart (Figure 6). It was used as antigen to screen
the generation of anti-HCA587 antibody in serum from HCC
patients. The results proved that HCC patients was able to
develop humoral immune response to HCA587 antigen, but
the frequency is not high (2/81). This low rate of seroreactivity
to allogeneic sera is similar to some other CT antigens, either
defined by a CD8+ CTL response (MAGE-1)[24] or by SEREX
(SSX-2)[25]. In a survey of humoral responses of cancer patients
against recombinant tumor antigens, it was indeed shown that
seroreactivity to MAGE gene products is uncommon, and sera
from 234 cancer patients showed antibodies to MAGE-1 in 3,
to MAGE-3 in 2, and to SSX-2 in 1 patient[24]. Since many
members of MAGE family have been shown to be recognized
by CTL from cancer patients[26-30], it would be important to
investigate possible HCA587 epitopes recognized by CD8+
and CD4+ cells. In conclusion, our experiments pave the way
for further study of HCA587 for the development of tumor
vaccine and clinical tumor diagnosis.
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Abstract
AIM: To investigate the global gene expression of cancer
related genes in hepatoma cell line HLE using Atlas Human
Cancer Array membranes with 588 well-characterized human
genes related with cancer and tumor biology.
METHODS: Hybridization of cDNA blotting membrane was
performed with 32P-labeled cDNA probes synthesized from
RNA isolated from Human hepatoma cell line HLE and noncirrhotic normal liver which was liver transplantation donor.
AtlasImage, a software specific to array, was used to
analyze the result. The expression pattern of some genes
identified by Atlas arrays hybridization was confirmed by
reverse transcription polymerase chain reaction (RT-PCR)
in 24 pairs of specimens and Northern blot of 4 pairs of
specimens.
RESULTS: The differential expression of cell cycle/growth
regulator in hepatocellular carcinoma (HCC) showed a
stronger tendency toward cell proliferation with more than
1.5-fold up-regulation of Cyclin C, ERK5, ERK6, E2F-3, TFDP2 and CK4. The anti-apoptotic factors such as Akt-1 were
up-regulated, whereas the promotive genes of apoptosis
such as ABL2 were down-regulated. Among oncogene/
tumors suppressors, SKY was down-regulated. Some genes
such as Integrin beta 8, Integrin beta 7, DNA-PK, CSPCP,
byglycan, Tenacin and DNA Topo were up-regulated. A
number of genes, including LAR, MEK1, eps15, TDGF1,
ARHGDIA were down-regulated. In general, expression of
the cancer progression genes was up-regulated, while
expression of anti-cancer progression genes was downregulated. These differentially expressed genes tested with
RT-PCR were in consistent with cDNA array findings.
CONCLUSION: Investigation of these genes in HCC is
helpful in disclosing molecular mechanism of pathogenesis
and progression of HCC. For the first time few genes were
discovered in HCC. Further study is required for the precise
relationship between the altered genes and their correlation
with the pathogenesis of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors and ranks the eighth in incidence of human
cancer in Asia, Africa and South Europe, and causes an
estimated 1 million deaths annually. The molecular mechanism
underling HCC is currently unknown[1-15]. Tumor development
and progression involves a cascade of genetic alterations.
Techniques frequently used in study of gene expression, such
as RT-PCR, differential display PCR and Northern blot
analysis, have their limitations including requirement of large
amounts of RNA, time-consuming, and limited number of
genes being tested simultaneously. Hence, analysis of
expression profiles of a large number of genes in hepatoma
cell line is an essential step toward clarifying the detailed
mechanisms of hepatocarcinogenesis and discovering target
molecules for the development of novel therapeutic drugs.
DNA microarray enables investigators to study the gene
expression profile and gene activation in thousands of genes
and sequences[16-25]. In this study, we used cDNA expression
microarray containing 588 genes related to carcinoma to
analyze genes that are differentially expressed in human
Hepatoma cell line HLE.
MATERIALS AND METHODS
Tissues and specimens
Four normal liver tissues without cirrhosis and 24 pairs of
primary HCC and corresponding noncancerous liver tissues
without cirrhosis were obtained with informed consent from
patients who underwent liver transplantation and hepatectomy
at the First Clinical College of Harbin Medical University.
Histopathological identification was confirmed by the same
pathologist. These specimens were immediately frozen in liquid
nitrogen once obtained.
Cell culture
The HCC cell line HLE, epithelial-like cells, established from
HCC patient in 1975 by Dr Dor was used in this study. HLE
was cultured in RPMI1640 (Sigma, Saint Louis, USA) media
containing 10 % fetal bovine serum, 1 % penicillin and
streptomycin in a 37 incubator. Cells were harvested at 7080 % confluence.
RNA isolation and purification
Total RNA of normal liver tissues was obtained by extracting
frozen tissues in Trizol (Life Technologies Inc., Gaitherbur,
MD) according to the manufacturer’s instructions. Normal liver
were made in spices and homogenized in Trizol solution
(1 ml/100 mg). Trizol was added into the bottles cultured with
HLE, after washed with cold PBS. The concentration of RNA
was assessed by absorbency at 260nm using a Nucleic Acid
and Protein Analyzer (BECKMAN 470, USA).
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cDNA microarray membrane
Atlas human cancer cDNA expression array (7742-1) was
purchased from Clonech Laboratories Inc (Palo Alto, USA).
The membrane contained 10 ng of each gene-specific cDNA
from 588 known genes and 9 housekeeping genes. The cancerrelated genes analyzed in this study were divided into six
different groups according to its function.
cDNA synthesis, labeling and purification
Total RNA was reverse-transcribed into cDNA and labeled
with α-32P dCTP using SuperscriptTM Preamplification system
for First Strand cDNA Synthesis Kit (Life Technologies,
Gaithersburg, MD) following the manufacture’s instructions.
The labeled first strand cDNA probes were purified by Spin
200 column (Clontech, Palo Alto, CA) to remove the
unincorporated nucleotides.
Membrane hybridization and exposure
Different probes were added to tubes containing Atlas human
cancer cDNA expression array, which were pre-hybridized at
68
for 2 hr, and hybridization was performed at 68
for
18 hr in rolling bottles. The membranes were washed strictly
and exposed to X-ray films (Fuji Films, Tokyo, Japan) at -70
for 1-3 days.
Image and analysis
The images were scanned with Fluor-S MultiImager (Bio-Rad,
Hercules, CA) and analyzed with AtlasImage analysis software
Version 1.01a (Clontech, Palo Alto, CA). Human glyceraldehyde3-phosphate dehydrogenase (GAPDH) was selected for
normalization because its expression was constant in cancer
array hybridization system. The normalized intensity of each
spot representing a unique gene expression level was acquired.
Genes were considered to be up-regulated when the intensity
ratio was ≥1.5 or the difference was ≥10 000 between the
expressions of HLE and normal liver tissues.
Semi-quantitative RT-PCR
To confirm the cDNA array results, semi-quantitative RT-PCR
of 24 pairs of HCC tissues and normal liver tissues was
performed for two genes (TFDP2, E2F3) displaying expression
alterations. Twenty-five ml reaction mixture was performed
under the following conditions: denaturation at 95 (3 min);
24 cycles of 94 (30 s), 60 (30 s) and 72 (45 s); then 72
extension (3 min). GAPDH were used as an internal reference
in each PCR reaction. The 5 ml RT-PCR product was analyzed
by electrophoresis on a 1.5% agarose gel.
Primer were as follows: GAPDH, forward primer 5’ACCACAGTCCATGCCATCAC-3’ and reverse primer 5’TCCACCACCCTGTTGCTGTA-3’; TFDP2, forward primer
5’- GGAGTCAGGCAAATGCTCTC-3’and reverse primer 5’GCTAAGGCCACTTCTGCATC-3’; E2F3, forward primer
5’- TTATGACTGCGTGAGCCTTAG-3’ and reverse primer
5’- AGAGCCACAACAAAGAACAGA -3’.
Northern blot
RNAs of HCC and normal liver tissues were electrophoresed
in a 1.5 % agarose gel containing 2.2M formaldehyde, and
then transferred onto a nylon membrane (Zeta-Probe, Bio-Rad,
USA) by capillary action. RNA was permanently attached to
the membrane by UV illumination for 150 s (GS Gene Linker,
Bio-Rad, USA). The hybridization probe was obtained by
PCR. The primers were as follows: β-actin, forward primer 5’CGTCTGGACCTGGCTGGCCGGGACC-3’ and reverse primer
5’-CTAGAAGCATTTGCGGTGGACGATG-3’; TFDP2,
forward primer 5’- GGAGTCAGGCAAATGCTCTC -3’ and
reverse primer 5’- CTGCCCTCAGTATCCCTCAC-3’; E2F3,
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forward primer 5’- AAGAGCAGGAGCAGAGAGATG-3’
and reverse primer 5’- TTTGACAGGCCTTGACACTG-3’.
α-32P-labeled cDNA probes were synthesized using Primer-aGene random labeling Kit (Promega, USA). Hybridization was
performed overnight in rolling bottles containing 8 ml of
hybridization buffer. The membranes were washed and
exposed to X-ray films (Fuji Films, Tokyo, Japan) at -70
for 24-48 h.

RESULTS
Atlas human cancer cDNA microarray expression profile
Using a cDNA expression microarray technique we established
the expression profile of 588 genes selected from different
areas in human hepatoma cell line HLE and normal liver tissues
(Figure 1A, 1B). No signals were visible in the blank spots
and negative control spots indicating that the Atlas human
cancer array hybridization was highly specific. The intensity
for housekeeping genes was similar at the same time indicating
that the results were credible. GAPDH was used to normalize
the intensities. The comparison results analyzed by AtlasImage
software showed that there were 30 genes changed, 22 upregulated and 8 down-regulated in Hepatoma cell line HLE
versus normal liver tissues. In the test, the ratio one over the
other ≥1.5 or the difference between two ≥10 000 was
considered as up-regulated genes (Table 1).
Table 1 Genes differentially expressed between hepatoma cell
line HLE and normal liver tissues generated by AtlasImage
software (Version 1.01a)
Gene

Ratio

Difference Protein/gene

F6k

0.361

-7908

TDGF1 + TDGF2 + TDGF3

B7g

0.412

-9606

SKY (DTK) (TYRO3) (RSE)

A5b

0.484

-8262

ERK activator kinase 1; MAPK/ERK kinase 1 (MEK1)

C5f

0.487

-8154

Epidermal growth factor receptor substrate (eps15)

E5b

0.504

-14946

Rho GDP-dissociation inhibitor 1

D6c

0.662

-10998

Semaphorin E

B7j

0.664

-12474

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

F5l

0.732

-12132

Leukocyte interferon-inducible peptide

B2g

1.237

10252

TRAF-interacting protein (TRIP)

B3h

1.241

10508

Caspase-8 precursor; MACH; FLICE; (CAP4) (CASP8)

D5f

1.363

12000

CD9

C7l

1.381

14882

Retinoic acid receptor gamma

A3i

1.387

14088

CDK inhibitor p19INK4d

C7m

1.401

13224

Retinoid X receptor beta (RXR-beta)

C6n

1.444

11820

Sex gene

D3e

1.52

17176

Vitronectin precursor; serum spreading factor;

D4b

1.61

16212

Integrin alpha8

D2n

1.692

19718

TENASCIN-R

C1a

1.804

15096

DNA-dependent protein kinase (DNA-PK)

A4j

2.008

17856

Extracellular signal-regulated kinase 6 (ERK6) (ERK5)

D1b

2.038

20026

Byglycan

A7d

2.06

18522

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

A2k

2.061

18084

Cyclin C G1/S-specific

D4j

2.178

27156

Integrin beta7

D4k

2.252

28122

Integrin beta8

A7g

2.257

13428

Type II cytoskeletal 4 keratin; cytokeratin 4 (K4; CK4)

D1a

2.31

29184

Cartilage-specific proteoglycan core protein

A5i

2.418

10668

E2F-3

B4d

2.474

11814

Akt1; rac protein kinase alpha; protein kinase B; c-Akt

A5l

4.256

37824

DP2 dimerization partner of E2F

(CSPCP); aggrecan1
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Northern blot
Northern blot of four paired tissues were performed and verified
the accuracy of the microarray. Among the 4 paired tissues,
the northern blot results of 4 genes further meant that the Atlas
human cancer cDNA microarray data were believable and
comparable (Figure 3).

TFDP2

A
E2F-3

β-actin

N

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

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

TFDP2
GAPDH

N

C

N

C

M

N

C

N

C

E2F3
GAPDH

N

C

N

C

M

N

C

N

C

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

C

N

C

N

C

N

C

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

DISCUSSION
In this study, we explored the gene expression profiles in human
hepatoma cell line HLE and normal liver tissues using Atlas
human cancer array. cDNA array technology was used to
examine simultaneously the expression of specific genes on a
single hybridization. Although human genome projects have
generated a large-scale sequence data for millions of genes,
the biological functions of such genes remain to be deciphered.
It is very important to define differential gene expression
profiles of tumors and normal tissues before understanding
the functional significance of specific gene products. Thus a
systematic approach for examining large number of genes
simultaneously is required. Microarray techniques have been
developed in this conditions[23]. The gene expression profiles
obtained from microarray technique was first reported in
1995[16]. It might be useful for tumor classification, elucidation
of key factor in tumors, and identification of genes[24-27].
Several genes related to cell cycle regulators, growth
regulators were abundantly up-regulated in our HCC samples.
E2F-3 is a transcription factor that plays an important role
during the cell cycle of proliferating cells, its products are rate
limiting for initiation of DNA replication[28]. E2F-3 is able to
activate transcription of E2F-responsive genes in a manner
depending upon the presence of at least one functional E2F
binding site[29,30]. TFDP2 gene is a member of the TFDP genes
family of transcription factors. TFDP2 protein can form
heterodimers with E2F family proteins in vivo. The E2F-TFDP
transcription factors are major regulators of genes that are
required for the progression of S-phase and they play a critical
role in cell cycle regulation and differentiation[29]. TFDP2 may
plays a major role in modulating the function of E2F in cell
cycle regulation and oncogenesis. The retinoblastoma tumor
suppressor protein has been shown to induce growth arrest by
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binding to E2F-TFDP and repressing its activity[31]. The upregulation of E2F-3 and TFDP2 may play an important role in
HCC cell proliferation.
Protein kinase B (PKB)/Akt is a growth-factor-regulated
serine/threonine kinase which contains a pleckstrin homology
domain[32]. Activated PKB/Akt provides a survival signal that
protects cells from apoptosis induced by various stresses, and
also mediates a number of metabolic effects of insulin[33]. The
up-regulation of Akt1 may have a great help for tumor cell to
survive from apoptosis.
In our study, genes related to DNA repair and recombination
was up-regulated in HLE, which indicates that the generative
ability of tumor cell was stronger than that of normal
hepatocytes. DNA-dependent protein kinase (DNA-PK) is a
nuclear protein serine/threonine kinase that is activated by DNA
double strand breaks (DSBs). It is a component of the DNA
DSB repair apparatus, and cells deficient in DNA-PK are
hypersensitive to ionizing radiation and radio-mimetic drugs[34].
DNA-PK may have roles in controlling transcription, apoptosis,
and the length of telomeric chromosomal ends. The DNA-PK
complex is regulated in a cell cycle-dependent manner, with
peaks of activity found at the G1/early S phase and again at the
G2 phase in wild-type cells[35].
Integrins are a major family of cell adhesion molecules
involved in cell-cell and cell-extracellular matrix interactions.
Integrins are suggested to be involved in many different
biological processes such as growth, differentiation, migration,
and cell death. The integrin alpha 8 beta 1 has been reported to
bind to fibronectin, vitronectin, tenascin-C and osteopontin in
cell adhesion or neurite outgrowth assays[36,37]. Integrins are
heterodimeric cell adhesion proteins connecting the
extracellular matrix to the cytoskeleton and transmitting signals
in both directions[38]. The up-regulation of Integrin may play a
role in HCC metastasis.
In conclusion, our study demonstrates the cDNA array is a
powerful tool to explore gene expression profiles in cancer.
The genes described in this study provide valuable resources
not only for basic research, such as molecular mechanism of
carcinogenesis, progression and prognosis, but also for clinical
application, such as development of new diagnostic markers,
identification of therapeutic intervention in human HCC.
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Abstract
AIM: To construct a gene modified hepatocellular carcinoma
(HCC) specific EGFP expression vector regulated by
abbreviated cis-acting element of AFP gene.
METHODS: The minimal essential DNA segments of AFP
gene enhancer and promoter were synthesized through PCR
from Genome DNA of HepG2 cells. Gene fragments were
then cloned into the multiple cloning site of non-promoter
EGFP vector pEGFP-1. Recombinant plasmid was transferred
into positive or negative AFP cell lines by means of
lipofectamine. The expression of EGFP was tested by
fluorescence microscope and flow cytometry. The effect of
all-trans retinoic acid (ATRA) on the expression of EGFP was
tested in different concentrations.
RESULTS: By the methods of restriction digestion and
sequence analyses we confirmed that the length, position
and orientation of inserted genes of cis-acting element of
AFP were all correct. The transcription of EGFP was under
the control of AFP cis-acting element. The expressing EGFP
can only been detected in AFP producing hepatoma cells.
The expression rate of EGFP in G418 screened cell line was
34.9±4.1 %. 48 h after adding 1×10-7M retinoic acid, EGFP
expression rate was 14.7±3.5 %. The activity of AFP gene
promoter was significantly suppressed by addition of 1×10-7M
retinoic acid (P<0.05, P=0.003, t=6.488).
CONCLUSION: This recombinant expression vector can be
used as a gene therapy vector for HCC. The expression of
tumor killing gene will be confined within the site of tumor
and the activity of which can be regulated by retinoic acid.
Lu SY, Sui YF, Li ZS, Pan CE, Ye J, Wang WY. Construction of a
regulable gene therapy vector targeting for hepatocellular
carcinoma. World J Gastroenterol 2003; 9(4): 688-691
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
tumors worldwide, especially in several areas of Asia and
Africa. It is the cause of death of around 1 000 000 people

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

MATERIALS AND METHODS
Reagents
Reagents were obtained as follows: EX Taq DNA Polymerase,
DNA Ligation Kit Ver.2, restriction endonuclease (TakaRa
Biotechnology (Dalian) Co. Ltd.); DNA isolation and
Purification kit (ShangHai ShunHua Biotechnology Ltd.);
LipofectamineTM 2000 (Invitrogen); IPTG, X-gal, DNA maker
(Sino-American Biotechnology Company); Dulbecco’s
Modified Eagle Media: high glucose, with L-glutamine
(DMEM) and G418 (GibcoBRL); all-trans retinoic acid,
ATRA (Sigma).
Plasmids
pBluescript II ks(+) vector was preserved in our laboratory.
The reporter gene vector pEGFP-1 was purchased form
Clontech. This vector encoded a red-shifted variant of wildtype green fluorescent protein (GFP), which had been optimized
for brighter fluorescence and higher expression in mammalian
cells. This vector was also a non-promoter EGFP vector which
could be used to monitor transcription from different promoters
and promoter/enhancer combinations inserted into the MCS
located in upstream of the EGFP coding sequence.
Cell lines
HepG2 and SMMC-7721 are human hepatoma cell lines produce
or do not produce AFP. Hela is human cervical cancer cell line,
all Cell lines were cultured in Dulbecco’s modified Eagle’s
medium, high glucose content, containing 10 % heat-inactivated
fetal calf serum, 100 units/ml penicillin, 100 µg/ml streptomycin,
0.292 mg/ml glutamine. The cell lines were incubated in a
humidified 5 % CO2 and 95 % air incubator at 37 .
Polymerase chain reaction (PCR)
The primer sequences used for PCR were used as reported[14, 15].
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For PCR amplification, genomic DNA were extracted from
1×106 HepG2 cells and digested by EcoR I/Xho I. PCR was
performed in a total volume of 50 µl consisting of 1 µM each
primer, 200 µM each dNTP, 5 µL 10×polymerase reaction
buffer, and 1.25U EX Taq DNA Polymerase with 1 µL digested
DNA. The samples were heated to 94
for 5 min followed
by amplification for 30 cycles of 30s at 94 , 50s at 55 ,
and 1 min at 72 . After the last cycle, a final extension step
was done at 72
for 7 min. Then 10 µl of each PCR product
was analyzed by 1 % agarose gel (containing 0.5 µg/mL EB)
electrophoresis. After which the amplified PCR products were
purified from agarose gel according to DNA purification kit
description. The abbreviated gene fragments of AFP enhancer
(e) and promoter (p) were subcloned into pBluescript II ks(+).
The positive clones were selected from the transfected DH5α
and performed as described in reference[16]. The constructed
plasmids (designated as ks-e, ks-p) were identified by
restriction enzyme analysis. DNA sequences were verified by
DNA Sequencing Core Facility in Bioasia (ShangHai)
Biotechnology Company.

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

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

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

BglII

XhoI HindIII EcoRI

PUC
ori
Neor

HindIII

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

SalI

E

A

B

C

BamHI

P
EGFP

NotI
XbaI
pEGFP-1-EP
(5 132bp)

399

Figure 1 Gene map of pEGFP-1-EP.

Transient EGFP expression
18 hours before transfection, 2×105 HepG2, SMMC-7721 and
Hela cells were plated into 12-well culture plates. At the bottom
of each well, a sterilized coverslip was placed in advance. When
the plated cells were 90 to 95 % confluence, transfection was
performed with 1 µg of DNA (pEGFP-1 or pEGFP-1-EP) per
dish, using LipofectamineTM 2000 reagent according to the
manufacturer’s instruction. 48 h after transfection, the cells were
washed twice with cold PBS (0.01M) and fixed with 4 %
paraformaldehyde for 30 min at room temperature. Coverslips
were then mounted directly onto a glass slide with a tiny drop
of 50 % glycerol in PBS (9.1 mM Na2HPO4/1.7 mM NaH2PO4
/50 mM NaCl, pH 7.4). Fluorescent images were captured at
490nm using a Nikon Eclipse E1000 microscope attached to a
MicroMax camera (Princeton Instruments, Trenton, NJ).
Effect of all-trans retinoic acid (ATRA) on the expression of EGFP
A similar transfection procedure was perfomed to transfect
vector pEGFP-1-EP for stable EGFP expression. After 48 h of
transfection, the cells were passaged at a 1:4 dilution into fresh
medium. The next day, selective medium (G418 400 µg/mL)

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

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

Gene modified AFP cis-acting element was successfully
inserted into the MCS of pEGFP-1
Recombined AFP cis-acting element was 1 035 bp with EcoR
I and BamH I restriction site on each side. The size of pEGFP1 was 4.2 kb, which had BglII and Hind III sites in the 3’-side
of MCS. The expressing vector pEGFP-1-EP was digested by
BglII/Sal I/BamH I, and Xho I/BamH I, and Hind III
respectively. 0.73 bp-0.31bp, and 1.03bp, and 0.27 bp DNA
fragments appeared (Figure 3). This result meant that the size,
direction of cis-acting element were correct and the
construction of expressing vector was successful.
Specific expression of EGFP in AFP positive hepatoma
Three cell lines were transfected with plasmid pEGFP-1 and
pEGFP-1-EP simultaneously. The expression of EGFP could
only be detected in HepG2 cells (AFP positive) transfected
with pEGFP-1-EP (Figure 4). The transient expression rate of
EGFP in HepG2 was 16 %. Hela cell and SMMC-7721 cell
(AFP negetive) did not express EGFP. The HepG2 cell
transfected with pEGFP-1 also did not express EGFP. So we
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could conclude that gene modified cis-acting element retained
specific transcription activity in AFP positive cells.
A

B

C

D

E

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

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

A

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

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

B

A

0.1

1

10

100

1 000

0.1

1

10

100

1 000

Figure 5 The expression of EGFP suppressed by ATRA. A.
stable expression of EGFP in HepG2; B. expression of EGFP
suppressed by 2.5×10-7M ATRA.
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DISCUSSION
There are numerous gene therapy strategies that have been
applied to the treatment of HCC. They include gene
replacement (e.g. tumor suppressor genes), antisense strategies,
drug sensitization (suicide genes), genetic immunotherapy
(cytokines, costimulatory molecules, polynucleotide
vaccination), and interventions to interfere with the biology
of the tumor growth (antiangiogenesis) [17-19]. But HCC
frequently occurs in patients with liver cirrhosis, the potentially
toxic effects of gene transfer may have marked deleterious
consequences, so the targeted gene transfer or the specific
expression of transfected genes to hepatoma cells is vital for
gene therapy of HCC.
A practical system to ensure tumor-restricted expression
of the transgenes is the use of tumor-specific promoters. Since
elevated levels of AFP have been observed in about 70 % of
hepatocellular carcinomas [20], using AFP transcriptional
sequence to achieve hepatocellular carcinoma specific gene
expression is an ideal way. Arbuthnot et al[21, 22]. demonstrated
that retroviral and adenoviral vectors containing the lacZ
reporter gene under the control of AFP regulatory sequences
resulted in the specific expression of the lacZ gene only in
HCC cells with AFP expression. Similar results were reported
by Kanai et al[23]. who demonstrated that expression of the
herpes simplex virus thymidine kinase (HSV-tk) gene by
adenovirus from AFP promoter/enhancer induced the cells to
be sensitive to ganciclovir (GCV) in the AFP-producing cells.
But The AFP gene has a large and complex transcription control
region which is located within a region from -7.6 kb to the
transcription starting site. It contains the promoter, the
enhancer, and the silencer that contain specific binding sequences
for the transcription factors and provide precisely regulated AFP
gene transcription[24, 25]. Most investigators have used human AFP
5’-flanking region that including the all the trans- and cis-acting
elements from AFP 5’-flanking sequences [24, 26-29] as a hepatoma
specific regulation element. Although this sequences can
achieve sufficient cytotoxicity in AFP-producing hepatoma
cells, but also induce a killing effect on hepatic stem cells that
also express AFP and appear in the injured liver, thus resulting
in damage of the hepatic reserve and a poor prognosis for
patients with HCC. On the other hand, the package capacity of
most gene therapy vectors is very small, which cannot
accommodate the whole transcriptional sequence of AFP in
the construct. The activity of promoter alone is too weak to be
used in targeting gene therapy. In this study, we subcloned the
minimal essential enhancer region (-4.0 to -3.3) and 0.3 kb
minimal promoter of human AFP gene, and constructed
abbreviated HCC specific cis-acting element. The expressing
of the report gene (EGFP) was detected in AFP-producing
hepatoma cells (HepG2), and none in non-AFP-producing
hepatoma (SMMC-7721) and nonhepatoma cells (Hela). So
this minimal cis-acting element well conserved the specific
transcription characteristic of AFP 5’-flanking sequences. This
element is very small (1.0 kb) and fits to the package capacity
of most conventional gene therapy vectors.
The expression of AFP is under the control of retinoic acid
which both activates and represses AFP expression in different
cell lines[30, 31]. Within the AFP gene regulatory region three
elements determining sensitivity for retinoic acid have been
revealed. One of them is localized in promoter (-139/-127 bp)
and overlaps with other transcription factor binding sites[31].
The influence of retinoic acid on AFP gene expression can be
carried out both by means of HNF induction and through the
hormone-receptor complex binding to the corresponding sites
in AFP regulatory elements[32]. Activation of the AFP gene by
RA had been reported in McA-RH8994 and F9 cell lines[30, 31],
while AFP was down-regulated by RA in the human hepatoma
cell line Hep3B. How can RA regulate the expression of AFP
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in HepG2 human hepatoma cell line is rarelys reported. In this
study we established an EGFP-expressing HepG2 cell line,
the expressing of EGFP is under the control of modified cisacting element of AFP. When treated with ATRA, we found
that the transcription activity of AFP cis-acting element could
be significantly suppressed by 1×10-7 M ATRA. So when we
use this transcription element as a regulator of anti-tumor gene
the cytotoxicity effects on target cell can be controlled by RA
within the expected range. This is very important when a gene
therapy vector is applied clinically.
There are restriction sites in the upstream or downstream
of EGFP in the expressing vector pEGFP-1-EP, through which
we can replace EGFP with any tumor-killing gene. So this
vector can be used as a gene therapy vector targeting for
hepatocellular carcinoma. The transcription activity of
hepatocellular carcinoma specific promoter can be controlled
by the adding of ATRA.
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Abstract
AIM: One of the characteristics of hepatocellular carcinoma
(HCC) in Qidong area is the selective mutation resulting in a
serine substitution at codon 249 of the p53 gene (1, 20),
and it has been identified as a “hotspot” mutation in
heptocellular carcinomas occurring in populations exposed
to aflatoxin and with high prevalence of hepatitis B virus
carriers (2, 3, 9, 10, 16, 24). We evaluated in this paper
whether this “hotspot” mutation could be detected in cellfree DNA circulating in plasma of patients with hepatocellular
carcinoma and cirrhosis in Qidong, China, and tried to illustrate
the significance of the detection of this molecular biomarker.
METHODS: We collected blood samples from 25
hepatocellular carcinoma patients, 20 cirrhotic patients and
30 healthy controls in Qidong area. DNA was extracted and
purified from 200 µl of plasma from each sample. The 249Ser
p53 mutation was detected by restriction digestion analysis
and direct sequencing of exon-7 PCR products.
RESULTS: We found in exon 7 of p53 gene G T transversion
at the third base of codon 249 resulting 249 Arg 249 Ser
mutation in 10/25 (40 %) hepatocellular carcinoma cases,
4/20 (20 %) cirrhotics, and 2/30 (7 %) healthy controls.
The adjusted odds ratio for having the mutation was 22.1
(95 % CI, 3.2~91.7) for HCC cases compared to controls.
CONCLUSION: These data show that the 249 Ser p53
mutation in plasma is strongly associated with hepatocellular
carcinoma in Qidong patients. We found this mutation was
also detected, although it was at a much lower frequency,
in plasma DNA of Qidong cirrhotics and healthy controls;
We consider that these findings, together with the usual
method of HCC diagnosis, will give more information in early
diagnosis of HCC, and 249 Ser p53 mutation should be
developed to a new early diagnostic marker for HCC.
Huang XH, Sun LH, Lu DD, Sun Y, Ma LJ, Zhang XR, Huang J,
Yu L. Codon 249 mutation in exon 7 of p53 gene in plasma
DNA: maybe a new early diagnostic marker of hepatocellular
carcinoma in Qidong risk area, China. World J Gastroenterol
2003; 9(4): 692-695
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INTRODUCTION
Qidong is a high risk area of hepatocellular carcinoma (HCC),
chiefly due to chronic hepatitis B virus (HBV) infection, and
exposure to AFB1[1, 2]. HCC is a major cause of cancer death in
this area. Epidemiological and experimental evidence show that
hepatitis B virus (HBV) and dietary exposure to aflatoxin B1
(AFB1) contribute to hepatocarcinogensis[3-9]. About 10-15 %
of the Qidong populations are chronically infected with HBV
(LU. PX et al, 1991). An analysis of individual biomarkers of
aflatoxin exposure in Qidong (Daxing country) has shown
99 % (791/792) of individuals with detectable serum aflatoxinalbumin adducts (Zhu YR et al, 1999).
p53 mutations have been identified in several human
cancers[10-12]. A selective G to T transversion mutation at codon
249 (AGG AGT, arginine to serine) of the p53 gene has been
identified as a “hotspot” mutation for HCC in Qidong area[13-16].
Data from Qidong Liver Cancer Institute have suggested that
this mutation in HCC is strongly associated with exposure to
AFB1[13]. Recent research in Gambia[17] has shown that in some
human cancers, circulating tumor DNA can be successfully
retrieved from plasma or serum and used as a surrogate
material to analyze for genetic alterations present in the
original tumor[18-20]. We adopted this approach to evaluate the
presence of 249Ser p53 mutation in plasma from HCC cases,
cirrhotic patients and healthy controls, and this mutation could
be regarded as a new biomarker in HCC earlier diagnosis.
MATERIALS AND METHODS
Subjects and specimens
Blood samples from 25 cases of HCC, 20 cirrhotic patients
and 30 healthy controls were collected in Qidong Liver Cancer
Institute. The definition for 25 cases of HCC included
compatible clinical and ultrasonographic findings and serum
AFP levels. The ultrasonographic data were most important.
20 Cirrhotic patients were included as an additional referent
group for evaluation of factors associated with progression to
HCC. The diagnosis of cirrhosis was also based on compatible
clinical history and by ultrasonographic method. 30 cases of
controls were recruited from the outpatient clinics among
individuals with no history or clinical findings suggestive of
liver disease, and have the same distributions of age, gender
and recruitment site with the HCC and cirrhotic cases.
DNA extraction
Blood samples anticoagulated with EDTA were processed
immediately after collection, plasma was transferred to a plain
at Qidong Liver Cancer Institute.
tube and stored at -70
AFP and HBV serological testing was performed using standard
laboratory kits. A 500 µl aliquot of plasma was shipped in
liquid nitrogen to the state key laboratory of genetic
engineering, Fudan University (Shanghai), for 249 Ser testing.
DNA was extracted from 200 µl of plasma using a QiAamp
blood kit (Qiagen Company) according to the manufacturer’s
protocol. The purified DNA was eluted from silica column
with 50 µl of Nuclease-Free Water.
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PCR
Primers used for PCR amplification synthesized by Sangon
company (Shanghai) were as follows: p1 (up) (5’-ctt gcc aca
ggt ctc ccc aa-3’), p2 (down) (5’-agg ggt cag cgg caa gca ga3’). The expected size of the product was 254 bp, and this
fragment was located in the exon 7 of p53 gene.
Using TaKaRa PCR kit, the 25 µl reaction included 18.3 µl
ddH2O, 2.5 µl 10×buffer, 1 µl dNTPs, 0.5 µl primer 1, 0.5 µl
primer 2, 0.2 µl Taq DNA polymerase, 2 µl DNA templates.
The thermo-cycling conditions were 94
for 5 min, and 40
cycles of 94
for 30 sec, 60
for 30 sec, 72
for 30 sec,
and finally 72 for 10 min in a Peltier Thermal Cycler (PTC
200). The amplification products (254 bp) were visualized by
staining with ethidium bromide, after electrophoresis on 2 %
agarose gel.
Purification of PCR products
To obtain enough amounts of DNA fragments for further
testing, 1 µl of PCR product of each sample was picked up as
template to have another PCR reaction with the same
amplifying condition. The PCR products were then purified
with 3S PCR Product Purification Kit (Biocolor Biological
Science & Technology Co., Ltd) to eliminate some impurities
such as dNTPs, primers, polymerase, and mineral oil.
Mutation detection by restriction analysis
The 254 bp of purified DNA fragment, which is derived from
exon 7 of p53 gene, was submitted to restriction enzyme Hae
III (New England Biolabs Company) digestion. The restriction
enzyme digestion reaction system was as follows: 1 µl HaeIII,
2 µl 10×buffer2, 5 µl DNA fragment, 12 µl ddH2O (20 µl total
volume). These reaction systems were submitted to 37 water
incubation for 4 hours. Enzyme Hae III cleaves a GG/CC
sequence at codons 249-250, generating 92bp, 66bp and several
small fragments from the 254 bp purified DNA product of the
PCR reaction. If there is a mutation at codon 249-250 resulting
in an uncleaved, 158bp fragment, and this feature will be
distinguished from that of normal samples on 2 % agarose gel
stained with ethidium bromide. Absence of the band at 254 bp
(full-length PCR products) provides a control for complete
digestion of the PCR product. In our protocol, we also arrange
positive (with 249 mutation) and negative (wild-type) controls.
The presence of the uncleaved 158 bp fragment indicates that
there are mutations in the corresponding samples, and DNA
fragments of these special samples were analyzed by automated
DNA sequencing (ABI 377) using BigDye Terminator Cycle
Sequencing Ready Reaction Kit (PE company).
Statistical analysis
Pearson’s chi-square and Fisher’s exact test were used to assess
statistical significance of frequency tables of independent
variables and 249 Ser mutations as a dichotomous variable.
Multivariable logistic regression analysis was performed to
estimate odds ratios (OR) along with 95 % confidence intervals
(CI) to estimate the risk of mutation among the different study
groups considering age, gender, recruitment site, and hepatitis
B surface antigen status as potential confounders.
RESULTS
The characteristics of the 75 subjects from Qidong were
evaluated in the study (Table 1).
HCC cases, cirrhosis cases and controls from Qidong were
of similar age and gender distribution. 84 % of HCC cases,
65 % of cirrhotics and 13 % of controls were positive for
hepatitis B surface antigen (HBsAg), a marker of chronic
infection with HBV (P<0.001 for difference between groups).
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80 % of HCC cases, 70 % of cirrhotics and 0 % of controls were
positive for serum alpha-fetoprotein positive (AFP>100 ng/ml).
Table 1 Characteristics of study participants from Qidong
Hepatocellular Cirrhotics Controls
carcinomas

Age (average [range], in years)
Number of males (%)

(25)

(20)

(30)

49 (27-70)

39 (25-65)

45 (19-87)

20 (80)

17 (85)

25 (83)

Hepatitis B surface antigen positive (%) 21 (84)

13(65)

4 (13)

Serum alpha-fetoprotein positive (%)

14 (70)

0 (0)

20 (80)

The electrophoresis on 2 % agarose gel shows that the 254
bp specific DNA fragments amplified between p1 and p2 are
at the appropriate location according to the DNA molecular
weight markers (Figure 1).
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Figure 1 The electrophoresis map of PCR products. Lane 1:
DNA Molecular weight markers. Lane 2-9: PCR products of
partial samples.

DNA fragment from each sample was digested with
restriction enzyme HaeIII. Presence of undigested 158 bp
fragments on 2 % agarose gel indicates that there is a point
mutation in the Hae III recognition site (Figure 2).
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(bp)
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Figure 2 Mutation at coden 249 was identified by restriction
digestion. Lane 1: negative control, Lane 2: positive control,
Lane 3-9: HCC samples, Lane 10: DNA molecular weight
markers.

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

B

C

D
Figure 3 Sequencing results (partial electropherogram). A: Wild type sequence shows codon 249 AGG; B: Mutation sequence
shows codon 249 AGG AGT transversion; C: Mutation sequence shows codon 249 AGG AGC transversion; D: A C transversion at the second base of codon 258.
Table 2 Prevalence and adjusted odds ratios for plasma 249 Ser
p53 mutations by subject groups from Qidong
Controlsa

Cirrhotics

Hepatocellular
carcinomas

(30)

(20)

(25)

No. positive (%)

2 (7)

4 (20)

10 (40)

OR (95% CI)

1.0

5 (0.6, 29.3)

22.1 (3.2,91.7)

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

DISCUSSION
In the People’s Republic of China, HCC accounts for over
250 000 deaths annually with an incidence rate in some areas
of the country approaching 150 cases/100 000/year. Mutations
in the p53 tumor suppressor gene have been identified in a
majority of human cancers[21], especially in HCC[2,22]. The most
striking example of a specific mutation in the p53 gene is a G
T transversion in the third base of codon 249, which has
been detected in 10-70 % of HCCs from area with a high
exposure to AFB1[6,23-25], where this mutation is absent from
HCC in regions with negligible exposure to AFB1[13,26,27].
Jackson et al. reported that a high percentage of the tumors
from Qidong had G T mutation at the third base of codon
249 of the p53 gene than tumors from Shanghai (46.7 %
compared with 30 %)[10,28]. The mutation frequency corresponds
to exposure to aflatoxins because these areas have high and
intermediate exposure levels, respectively. A recent report by
Kirk et al. reported for the first time the detection of codon
249 p53 mutation in the plasma of liver tumor patients from
Gambia. DNA circulating in the serum or plasma can be
successfully retrieved and used as surrogate material to analyze

for genetic alterations present in the original tumor [10,29].
Although the mechanisms accounting the presence of this
circulating DNA are uncertain, there is some evidence that
the DNA, of up to 21 Kb, are released from the tumor as a
glyconucleoprotein complex, and may protect the DNA from
degradation by nucleases. Although we don’t understand the
relationship between the release of tumor DNA into the plasma
and necrosis of the tumor, apoptosis or other selective cellular
processes, we considered from our experimental data that
plasma or serum may be used as a source of tumor-specific
DNA[30,31].
We reported the presence of 249Ser p53 mutations in DNA
circulating in the plasma of Qidong population at high risk for
HCC, chronic HBV infection and exposure to the carcinogen
AFB1. We found in this paper 16 of 75 subjects from Qidong
had 249ser p53 mutation, including ten of 25 HCC cases, four
of 20 cirrhotic patients, and two of 30 controls (Table 2). It is
interesting that we found in one HCC case a G C transversion
at the third base of codon 249 instead of G T transversion,
although both of AGC and AGT coded serine. The 249Ser p53
“hotspot” mutation was detected in 40 % of HCC cases, and a
much lower prevalence was observed in cirrhotic patients
(20 %) and in controls (7 %) (P<0.001 for difference between
groups). Additionally, we found in another HCC case A C
transversion at the second base of codon 258. We checked the
exon 7 of p53 gene using NCBI Blast, and found none of the
ESTs could support this point mutation. Is it a SNP or a point
mutation associated with AFB1 exposure? It is to be studied.
Although we didn’t check the 249 Ser p53 mutations in the
corresponding tissues, we can draw a conclusion from these
data that p53 mutation frequency of these different groups
provided the strong relationship between cirrhosis and the
future development of HCC[32]. This mutation may be regarded
as an early detection marker or a prognostic molecular marker
in HCC[33,34]. The detection of 249Ser DNA may be useful as a
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maker of neoplastic development, and the presence of the
mutation in healthy subjects may reflect chronic exposure to
high levels of AFB1[35].
Besides the detection of serum aflatoxin-albumin adducts,
we can also use plasma 249Ser p53 mutation as a marker of
aflatoxin exposure in epidemiological studies. It is expected
in Qidong area that the detection of p53 mutation in plasma
DNA could be developed into a usual method to estimate the
development of HCC, and this mutation could be regarded as
an early diagnostic marker of hepatocellular carcinoma.
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Abstract
AIM: To investigate the in vitro anti-hepatocellular carcinoma
(HCC) activity of docetaxel against SMMC-7721 HCC cells
and its possible mechanism.
METHODS: The HCC cells were given different concentrations
of docetaxel and their growth was measured by colony
forming assay. Cell cycle and apoptosis were analyzed by
flow cytometry and fluorescence microscopy (acridine
orange/ethidium bromide double staining, AO/EB), as well
as electronic microscopy. The SMMC-7721 HCC cell reactive
oxygen species (ROS) and glutathione (GSH) were measured
after given docetaxel.
RESULTS: Docetaxel inhibited the hepatocellular carcinoma
cells growth in a concentration dependent manner with
IC505×10-10 M. Marked cell apoptosis and G2/M phase arrest
were observed after treatment with docetaxel 10-8M.
Docetaxel promoted SMMC-7721 HCC cells ROS generation
and GSH deletion.
CONCLUSION: Docetaxel suppressed the growth of SMMC7721 HCC cells in vitro by causing apoptosis and G2/M phase
arrest of the human hepatoma cells, and ROS and GSH may
play a key role in the inhibition of growth and induction of
apoptosis.
Geng CX, Zeng ZC, Wang JY. Docetaxel inhibits SMMC-7721
human hepatocellular carcinoma cells growth and induces
apoptosis. World J Gastroenterol 2003; 9(4): 696-700
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INTRODUCTION
Decetaxel is a new taxoid structurally similar to paclitaxel, a
semisynthetic product of a renewable resource, the needles of
the European yew, Taxus baccata L. In comparison to paclitaxel,
docetaxel is more potent as an inhibitor of microtubule
depolymerization[1]. Docetaxel has shown an active effect against
cancers [2-5]. Current studies have shown that docetaxel
combined with other chemotherapeutic drugs has higher
anticancer efficacy and reduced side effects in patients with
breast, pancreatic, gastric, urothelial carcinomas[6-9]. But there
is limited data about that in hepatocellular carcinoma and thus
needs further investigation. Human hepatocellular carcinoma
(HCC) is one of the major causes of death worldwide[10-12], and

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

MATERIALS AND METHODS
Reagents
Docetaxel (Rhone-Poulenc Rorer Pharmaceuticals Inc.) was
stored as 100 µM stock solution in absolute ethanol at -80 .
This solution was further diluted in the medium and used in
the cell culture immediately before each experiment.
Cell cultures
Human hepatocellular carcinoma SMMC-7721 cell line was
obtained from Liver Cancer Institute of Fudan University. The
cells were cultured in flasks with RPMI1640 (Gibco BRL,
Grand Island, NY) medium supplemented with 100 IU/ml
penicillin, 100 µg/ml streptomycin and 10 % new born bovine
in
serum (Hyclone, Logan, UT) and maintained at 37
humidified atmosphere containing 5 % CO2.
Colony forming assay
Exponential growth phase SMMC-7721 cells were seeded in
60 mm culture plate (Corning, NY) at a density of 200 cells/
plate, after 24hr, the media was discarded and replaced with
equal volume of fresh media containing different doses of
docetaxel (0, 10 -11, 10 -10, 10 -9, 10 -8, 10 -7, 10 -6M). 24hr later
docetaxel containing media was again discarded and replaced
by media without containing docetaxel. The cells were cultured
continually for 9 days. The colonies were fixed with 95 %
ethanol and stained with Giemsa, and manually counted.
Colonies 50 cells were considered survivors. All experiments
were conducted in triplicate.
Flow cytometric analysis of DNA content after docetaxel treatment
After exponential growth phase SMMC-7721 cells were treated
with different doses of docetaxel (0, 10-11, 10-10, 10-9, 10-8, 10-7,
10 -6M) for 24hr and harvested with 0.25 % trypsin and
resuspended in RPMI1640 media. 1×106 cells was centrifuged
at 300 g for 5 minutes and then washed once with PBS .The
cell pellets were added with 100 % precooled ethanol at 4
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for 4hr, centrifuged at 300 g for 5 minutes and then washed
once, resuspended with PBS (1×106cells/ml). The cells were
added 500 u Rnase, incubated at 37 for 30 minutes, washed
with PBS. 1×106cells were stained with 50 µg/ml PI for 20
minutes in the dark. The DNA content of each cell was measured
using a Becton Dickinson FACSCalibur flow cytometer and
analyzed with ModFit LT software (San Jose, CA).

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

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

Statistical analysis
The intracellular GSH content was expressed as mean ±SD.
Their differences between drug treated groups and the control
group were analyzed with Student’s t-test.
RESULTS
Effect of docetaxel on SMMC-7721 cells growth inhibition
The colony forming ability decreased gradually with increasing
dose of docetaxel treatment, when the docetaxel concentration
was increased to 10-8M, the colony forming inhibition rate
attained 100 % with IC50 5×10-10 M (0.5 nM) (Figure 1).

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

1.2

Survival fraction

1.0

ROS measurement
After exponential growth phase SMMC-7721 cells were treated
with different doses of docetaxel (0.25 nM, 0.5 nM, 10 nM)
for 24hr, the cells were incubated with 2’, 7’-dichlorofluorescin
diacetate (DCF/DA; 5 µM; Sigma) at 37
for 50 minutes to
estimate the ROS level. The cells were harvested and detected
immediately for fluorescence intensity detection on Becton
Dickinson FACSCalibur flow cytometer and data were
acquired and analyzed using FACS/CELLQuest software (San
Jose, CA) on a Power Macintosh 7600/120 computer (Apple
Computers, Cupertino, CA)[17], three independent experiments
were repeated in each drug treated group and the control group
was not given docetaxel but incubated with DCF/DA. All
experiments were conducted in triplicate.
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Figure 1 The survival fraction of SMMC-7721 cells treated with
docetaxel for 24hr.

Effect on of docetaxel cell cycle and apoptosis of SMMC7721 cells
As demonstrated in Figure 2, docetaxel induced a marked
apoptosis at 10-8M for 24hr, and caused cells G2/M phase arrest
mainly at 10-7M and 10-6M, at 10-6M the G2/M phase cells
accounted for 96.1 %.

G0/G1 70.7
S 22.6
G2/M 6.7
AP 0.6

D

C
400

G0/G1 68.6

300

G2/M 11.4

400

S 20.0

300

AP 0.2

200

200

200

200

100

100

100

100

0

0
G0/G1 16.5

0

E

G0/G1 28.4

S 45.1

Cell counts

0.4

B

500

S 23.0

0.6

0.2

Determination of intracellular GSH content
The determination of intracellular GSH content was conducted
according to Shen et al[18] with modification. Briefly after
logarithmic growth phase SMMC-7721 cells ( 10 6) were
500

0.8

120

G2/M 38.5
AP 55.6

S 16.9

200

90

150

60

100

30

50

0

0

G2/M 54.7
AP 1.6

G0/G1 66.9
S 21.9
G2/M 11.2
AP 4.0

0

F

G0/G1 1.4

500
400

G

S 2.5
G2/M 96.1
AP 0

300
200
100

DNA content

0

Figure 2 Cell cycle changes and apoptosis induction in SMMC-7721 cells treated with docetaxel for 24hr. Cells were treated with
docetaxel at 0M(A), 10-11 M(B), 10-10 M(C), 10-9 M(D), 10-8 M(E), 10-7 M(F), 10-6M(G). A marked apoptosis was induced at 10-8 M, and
a peaked G2/M phase accumulation was caused at 10-6M. Ap:apoptosis.
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Morphological observation with fluorescence microscope
After the SMMC-7721 cells were given 10-8M docetaxel for
24hr, the early apoptotic cells could be observed: because of
their cells membrane integrity, the cells were stained green
with AO, the nuclei exhibited bright condensed chromatin or
fragmented, some cells blebbed. After the cells being treated
for 48hr, some late apoptotic cells could be observed: Since
their cell membrane lost integrity, they were stained red with
EB, the apoptotic bodies could be seen clearly. On the contrary,
the untreated cells did not show these apoptotic characteristics
(Figure 3).
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treatment with 0.25 nM, 0.5 nM, 10 nM docetaxel. In
comparison with the control group, the ROS level increased
by 1.69, 1.78 and 1.80 times respectively.

A

A

B

C

D

B

DCF fluorescence (% of control)

Figure 4 Transmission electron microscopic observation. After treatment with 10-8M docetaxel for 24hr, the chromatin of
some SMMC-7721 cells was located along the nuclear edges or
formed irregularly shaped crescents at the nuclear edges (A,
C),or became condensed or fragmented (A, B); The vacuole
could be observed in some cytoplasm (A, C).
2.0

1.5

1.0

0.5

0

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

Transmission electron microscopic observation
After treatment with 10-8M docetaxel for 24hr, the chromatin
of some SMMC-7721 cells was located along the nuclear edges
or formed irregularly shaped crescents at the nuclear edges, or
became condensed or fragmented; Some cells nuclear
membrane became irregular; The vacuole in some cytoplasma
could be observed (Figure 4).
Effect of docetaxel on intracellular ROS
As demonstrated in Figure 5, The SMMC-7721 cells ROS level
(corresponding to the fluorescence intensity) increased after

Control

0.25nM

0.5nM

10nM

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

Effect of docetaxel on intracellular GSH
The control group intracellular GSH content was 11.6±1.1 fmol/
cell, after treatment with docetaxel 0.25 nM, 0.5 nM, 10 nM for
24hr, the SMMC-7721 cells GSH decreased to 4.7±0.7 fmol/
cell, 3.0±0.5 fmol/cell, 1.0±0.1 fmol/cell respectively, there was
a significant difference between the drug treated groups and
the control group (P<0.05).
DISCUSSION
In the present study, we used colony forming assay to observe
the effect of docetaxel on the growth of the human
hepatocellular carcinoma SMMC-7721 cells in vitro, indicating
that doctaxel can inhibit the SMMC-7721 cells growth and in
concentration dependent manners, at 10-8M the survival fraction
decreased to 0 (Figure1). A previous study demonstrated that
docetaxel showed cytotoxic effect on other human hepatoma
cell lines[17], together with this report, our result suggests that
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the growth-inhibiting effect of docetaxel may be a general
phenomenon for human hepatocellular carcinoma cells. Also
the flow cytometry showed that docetaxel causes SMMC-7721
cells apoptosis at a low dose (10-8M), which was confirmed by
fluorescence microscope, transmission electron microscope,
and at 10 -7M, 10 -6M induced a marked G2/M phase arrest
without apparent apoptosis, this phenomenon seems to suggest
that docetaxel can induce apoptosis independent of G2/M phase
arrest in SMMC-7721 cells.
In order to elucidate the mechanisms of the antihepatocellular carcinoma action of docetaxel, we examined
its possible effect on cell cycle kinetics of SMMC-7721 cells.
As demonstrated in Figure 2, following treatment with
docetaxel for 24hr, the G2/M phase cells increased with
docetaxel doses increasing from 10-8M, at 10-6M the G2/M
phase cells accounted for 96.1 %. This result indicates that
high dose of docetaxel blocks cell cycle at G2/M phase, disturbs
mitosis and inhibits SMMC-7721 cells growth. In this clinical
setting, such information may be useful for liver carcinoma
therapy with docetaxel and other cytotoxic drugs which affect
cell cycle progression.
According to Figure 1, docetaxel could inhibit SMMC-7721
cells at very low doses, the IC50 is 5×10 -10M. This dose of
docetaxel had no significant effect on the cell apoptosis or cell
cycle progression, which was confirmed by flow cytometry.
In order to elucidate the mechanism underlying this
phenomenon, the intracellular ROS and GSH were further
investigated in this study. Our results indicated that docetaxel
both at 1/2IC50, IC50 and apoptosis-inducing dose (10nM)
could cause significantly increased ROS levels (Figure 5) and
significantly decreased GSH, compared with those of the control.
It has been reported that tumor cells have persistently higher
levels of ROS[19]. The relationship between ROS and apoptosis,
cell growth inhibition has been broadly investigated. ROS
has been found to regulate translocation of NF-κB[20] as well
as translocation of p53 and the p53-mediated apoptosis
pathway[21,22]. Also it has been found that induction of apoptosis
was accompanied with the generation of intracellular ROS
prior to the activation of caspase-3[23] and down-regulation of
Bcl-2[24]. Simizu et al. reported that some anticancer agents,
including vinblastin and camptothecin, induced cells apoptosis
with the generation of ROS[25]. Recently it was reported that
arsenic trioxide and l-S,R-buthionine sulfoximine (BSO)
combination treatment enhanced hepatocellular carcinoma cells
apoptosis through increased production of ROS[26], Also it was
reported ROS played a mediatory role in the synergistic
interaction between 1, 25-dihydroxyvitamin D (3) and
anticancer cytokines[27], modulation of the ROS production intra
and extracellularlly may influence the cell survival during
oxidative insults[28].
Accordingly, we speculate that docetaxel-induced high level
ROS may be involved in the growth inhibition and apoptosis
of SMMC-7721 cells.
In order to confirm the SMMC-7721 cells redox status after
docetaxel treatment, the intracellular GSH content was also
investigated. Our result demonstrated that the intracellular GSH
decreased significantly (P<0.05) after both 1/2IC50, IC50 and
apoptosis-inducing dose docetaxel treatment, compared with
that of the control group. This indicates that the decrease of
GSH may be involved in the SMMC-7721 cells growth
inhibition and apoptosis caused by docetaxel. Liu et al. found
Salvia miltiorrhiza inhibited human hepatoma HepG2 cells
growth and induced apoptosis involving in intracellular GSH
deletion[29], early studies have also demonstrated that the onset
of apoptosis was associated with a fall of intracellular GSH in
different cellular systems[30]. And GSH could significantly
reduce apoptosis mediated by a monoclonal antibody directed
to Fas antigen, and apoptosis could be nearly completely
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prevented by GSH[31]. GSH is an important cellular thiol which
is regarded as the major determinant of the intracellular redox
potential, on the other hand, apoptosis may be regulated by
the reodx status within the cells[32]. Loss of GSH was shown to
be tightly coupled with a number of down-stream events in
apoptosis, in caspase activation and events in chromatin[33],
and GSH depletion may act as a link between oxidative stress
and ceramide-mediated apoptosis[34]. Also it was found that
decreased cells proliferation associated with decreased levels
of intracellular GSH, and blockade of GSH synthesis enhanced
ROS production and suppressed cells proliferation[35], cells with
compromised cellular GSH were susceptible to redox
imbalance-induced inhibition of proliferation[36].
In summary, the present study demonstrates that docetaxel
has profound effects on SMMC-7721 hepatocellular carcinoma
cells in vitro. It reduces the proliferation of these cells, causes
changes in their morphology, and induces cell death by
apoptosis. It leads to ROS generation and GSH deletion,
subsequently results in redox imbalance in SMMC-7721 cells,
and it is speculated that the redox imbalance caused by docetaxel
may play an important role in the growth inhibition and induction
of apoptosis of SMMC-7721 cells. As far as we know, there is
few report concerning the redox imbalance and docetaxel. Our
results not only provide the basis for further in vivo and clinical
research in hepatocellular carcinoma, but also contribute to
understanding of the pharmacology of docetaxel further.
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Abstract
AIM: To investigate the anti-cancer effect and the
immunological mechanism of ultrasound-guided intratumoral
injection of Chinese medicine “Star-99” in hepatocellular
carcinoma (HCC) of nude mice.
METHODS: Twenty-eight human hepatocellular carcinoma
SMMC-7721 transplanted nude mice, 14 of hypodermically
implanted and 14 of orthotopic liver transplanted, were
randomly divided into three groups of which 14 mice with
Star-99, and 7 with ethanol and saline respectively. Ten
days after the transplantation the medicines were injected
into the tumors of all the nude mice once every 5 days.
After 4 injections the nude mice were killed. The diameters
of three dimension of the tumors were measured by high
frequency ultrasound before and after the treatment and
the tumor growth indexes * (TGI) were calculated.
Radioimmunoassay was used to detect the serum levels of
interleukin-2 (IL-2) and tumor necrosis factor (TNF)-alpha.
The tumor tissues were sent for flow cytometry (FCM) DNA
analysis. Apoptotic cells were visualized by TUNEL assay.
All the experiments were carried out by double blind method.
RESULTS: The TGI of Star-99 group (0.076±0.024) was
markedly lower than that of the saline group (4.654±1.283)
(P<0.01). It also seemed to be lower than that of the ethanol
group (0.082±0.028), but not significantly different (P>0.05).
Serum levels of IL-2 and TNF-α were markedly higher than
those of ethanol group and saline groups (P<0.05). The mean
apoptotic index (AI: percentage of TUNEL signal positive cells)
in Star-99 group (48.98±5.09 %) was significantly higher than
that of the ethanol group (11.95±2.24 %) and the saline
group (10.48±3.85 %) (P<0.01). FCM DNA analysis showed
that the appearance rate of the apoptosis peak in Srar-99
group was 92.9 %, markedly higher than that of the ethanol
group (14.3 %) and the saline group (0.0 %) (P<0.01).
Correlation (r=0.499, P<0.05) was found between AI and
serum level of TNF-α.
CONCLUSION: Star-99 has an effect on the elevation of
the serum levels of IL-2 and TNF-α. It indicates that Star99 has the function of enhancing the cellular immunity and
inducing cancer cell apoptosis. The correlation between AI
and serum level of TNF-α indicates that the elevation of the
serum of TNF-α induced by Star-99 may be an important
factor in the promotion of the hepatic cancer cell apoptosis.
Star-99 has strong effects on the inhibition and destruction

of cancer cells. Its curative effect is as good as ethanol. Its
major mechanisms can be as follows: (1) it increases the
serum levels of IL-2 and TNF-α and triggers cellular
immunity. (2) It can induce cancer cells apoptosis, the
effective mechanism of the Star-99 is different from that of
the ethanol. The mechanisms of triggering the immunologic
function of the organism and inducing cell apoptosis are, of
particular significance. This study will provide a new pathway
of drug administration and an experimental basis for the
treatment of HCC with Chinese herbal, and the study of
Star-99 in the treatment of tumor is of profound significance
with good prospects.
Lin LW, Lin XD, He YM, Gao SD, Xue ES. Experimental study on
ultrasound-guided intratumoral injection of “Star-99” in
treatment of hepatocellular carcinoma of nude mice. World J
Gastroenterol 2003; 9(4): 701-705
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INTRODUCTION
The ultrasound-guided percutaneous intratumoral injection
with ethanol, in treatment of hepatocellular carcinoma (HCC),
has been widely used in the clinic in recent years since the
report by the Japanese scholars (1983)[1-3]. Yet there are certain
limitations in this treatment that lead us to search for newer
drug that we have been studied for many years. In 1999, we
discovered that the compound Chinese medicine “Star-99” had
anti-cancer effect. In order to probe the effective mechanism
of the ultrasound-guided intratumoral injection of HCC with
Star-99, we detected the serum levels of interleukin-2 (IL-2)
and tumor necrosis factor (TNF)-alpha, and conducted FCM
DNA analysis and TUNEL assay to observe the phenomenon
of apoptosis and to appraise the biological effect of Star-99.
MATERIALS AND METHODS
Experimental animal
For the experiment, we used 28 BALB/CA nude mice, which
were 5-8 weeks old, provided by the Medical Experimental
Animal Unit of Anti-cancer Center of Xia Men University,
China. The average weight of the nude mice was 18±2.1 grams.
The mice were raised in the layer drift shelves under aseptic
condition. The cages, cushion, drinking water and standard
forage were provided by Shanghai Bikai Company periodically.
Animal model production of human HCC
Human HCC SMMC-7721 cellular cultural suspension was
centrifuged and the supernatant was removed. Then the cellular
cultural liquid was added to make up 5×107 cells per milliliter.
Subcutaneous injection was taken in the back of a nude mouse
with 0.2 ml liquid. When the tumor grew to 1 cm in diameter,
part of it was taken out under the aseptic condition and cut
into small pieces in the size of 0.2×0.2×0.2 cm, which were
transplanted subcutaneously at the back of other nude mice
with a canula needle and underwent passages from generation
to generation. The nude mice, under general anesthesia with
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sodium pentothal injected intraperitoneally. The process was
as follows: The abdomen of the mouse was incised 1 cm in
length deep to peritoneum on the linea alba below the xiphoid
process. The liver was squeezed out, a piece of tumor was
embedded into the liver with canula needle, the needle aperture
was blocked with gelatin sponge to stop bleeding, then the
liver was sent back into the abdomen, the peritoneum and skin
were sutured and the process of orthotopic liver transplantation
was completed.

Experimental method
Twenty-eight human HCC transplanted nude mice, including
14 implanted hypodermically and the other 14 with liver
transplanted orthotopically, were randomly divided into three
groups: the Star-99 group containing 14 nude mice, the ethanol
group and the saline group containing 7 nude mice each. The
three dimensional diameters of the tumor were measured by
high frequency ultrasound (Aloka 5500 with 10MHz probe)
after 10 days transplantation of HCC. Then 0.1 ml Star-99,
ethanol and saline were respectively injected into the center of
the tumor with No.5 needle. The nude mice were killed after
being injected every 5 days for a total of 4 injections in each
mouse. The three dimensional diameters of the tumor were
measured again before the mice were killed. Mice blood was
obtained from the eye socket, and the sera were separated by
low velocity centrifugation. The Radioimmunoassay (RIA) kit
was purchased from Beijing East Asian Institute of
Immunology. Sn-682 Radioimmunoassay γ counting apparatus
was used to detect the serum levels of IL-2 and TNF-α. The
apoptotic cells were visualized by terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP nick end labelling (TUNEL).
The TUNEL kit (POD) was purchased from Roche Molecular
Biochemicals. The assay performance followed the technical
manual and the references[4-7]. It was TUNEL positive when
the nucleolus appeared evidently brown granule. Ten high
power fields were observed in each slide and at least 1 000
positive cells were calculated at random. The cellular
suspension made by fresh tumor tissues was analyzed by FCM
DNA. The appearance rates of the heteroploidy peak and
apoptosis peak were analyzed. Double blind method was
applied in this experiment.
Observation indexes
The tumor growth index (TGI) was calculated by the formula:
volume of tumor (after treatment-before treatment) / volume
of tumor (before treatment). The serum levels of IL-2 and TNFα were determined. The apoptotic index (AI: percentage of
TUNEL signal positive cells) were calculated as the TUNELpositive cells / the total number of cancer cells×100 %. The
appearance rates of the heteroploidy peak and apoptosis peak
of the tumor tissue were analyzed by FCM DNA. The
correlation coefficient between AI and serum levels of TNF-α
was calculated.

World J Gastroenterol

April 15, 2003 Volume 9 Number 4

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

n

x

SD

Star-99 (A)
Ethanol (B)
Saline (C)

14
7
7

0.076
0.082
4.654

±0.024
±0.028
±1.283

P
A, B>0.05
B, C<0.01
A, C<0.01

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

n

IL-2 (ng/ml)

Star-99 (A)
Ethanol (B)
Saline (C)

14
7
7

6.63±1.39
4.22±1.23
4.51±0.84

TNF-α (ng/ml)
3.98 ±1.05
2.95 ±1.01
2.84± 1.05

P
A:B <0.05
A:C <0.05
B:C >0.05

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

n

AI (%)

P

14
7
7

48.98±5.09
11.95±2.24
10.48±3.85

A:B<0.01
B:C>0.05
A:C<0.01

A

Statistics method
The results were expressed as the mean ±SD. The data were
analyzed by one-way ANOVA with Student’s t test, chisquare test and liner regression analysis. Value of P<0.05
was considered significant.
RESULTS
The tumor growth index
Table 1 showed that the growth index of Star-99 group was
markedly lower than that of the saline group (P<0.01). It was
also lower than that of the ethanol group, but there was no
significant difference between them (P>0.05).

B
Figure 1 TUNEL marker (Nucleolus with brown granule indicated positive). A: Star-99 group; B: saline group; ×400.
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FCM DNA analysis
Table 4 showed the results of FCM DNA analysis of the tumor
tissues of the three groups. The appearance rate of the
heteroploidy peak after the treatment was 57.1 % in the saline
group (Figure 2), markedly higher than that of the ethanol group
(0.0 %) and the Star-99 group (7.1 %) (P<0.01). Another
remarkable characteristic was that 92.9 % of the Star-99 group
appeared apoptosis peaks formed by the cells in the sub G1
period (Figure 3), markedly higher than that of the ethanol
group and the saline group, which were 14.3 % (1/7) and 0.0
(0/7), respectively (P<0.01).
Table 4 Comparison of the appearance rates of the hereroploidy
and apoptosis peak after treatment in the three groups
Groups

n

Hereroploidy
peak (%)

Star-99 (A)

14

7.1 (1/14)

A:B>0.05

92.9 (13/14) A:B<0.01

Ethanol (B)

7

0. 0 (0/7)

B:C<0.05

14.3 (1/7)

B:C>0.05

Saline (C)

7

57.1 (4/7)

A:C<0.05

0.0 (0/7)

A:C<0.01

P

Apoptosis
peak (%)

P

200

Number

150
100
50
0

0

50

100
150
Channels

200

250
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ultrasound[20,21] since 1990s. The efficacy are as good as that
of surgical resection [2, 22-24]. Early In 1985, the American
National Cancer Institute considered biotherapy as the fourth
modality in cancer treatment as it attacked the tumor cells
directly; furthermore, it stimulates the immune system of the
host. The present study provided a new avenue to combat the
tumor from immunologic point of view. As shown in this
experiment, the Star-99 has marked effect on the growth
restraint of the tumor, the effectiveness is more or less
equivalent to that of the ethanol.
The two important cytokines IL-2 and TNF-α can be used
as biological response modifiers (BRM). IL-2 can enhance the
activity of lymphocyte and the killing effect of CTL, NK and
LAK cells, induce secretion of cytokine. The serum level of
IL-2 reflects the host immunologic function to a certain
degree[25]. In this experiment, the serum level of IL-2 in the
Star-99 group was 6.63±1.39 ng/ml, markedly higher than those
of ethanol and saline groups (P<0.05). In another experiment of
this study, the electron microscopy showed many lymphocytes
in the tumor tissues of the Star-99 group[26]. Figure 4 showed the
microvilli on the surface of the lymphocytes attacked the cancer
cells. The membrane of tumor cell in contact with the sensitized
T lymphocyte became broken with the organelle and the nucleus
dissolved and the vacuolation of the cytoplasm as well. This
phenomenon further illustrate that the Star-99 could stimulate
or induce the cellular immunity function of the organism. TNFα is mainly produced by macrophage and activated T lymphocyte
which can inhibit or destroy the cancer cells. It can also induce
apoptosis by combining with TNF receptor and resulting in chain
reactions[27,28]. In the Star-99 group, the serum level of TNF-α
was 3.98±1.05 ng/ml, markedly higher than those of ethanol
and saline groups. Significant correlation (r=0.499, P<0.05)
was found between AI and serum levels of TNF-α. It indicated
that the elevation of the serum TNF-α induced by Star-99 might
be an important factor in the promotion of the HCC cells
apoptosis.

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

600

Number

500
400
300
200
100
0

0

50

100
Channels

150

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

The relationship between HCC apoptosis and serum levels
of TNF-α
There was close relationship between HCC apoptosis and serum
level of TNF-α. Significant correlation (r=0.499, P<0.05) was
found between AI and serum levels of TNF-α.
DISCUSSION
At present, many kinds of ultrasound-guided interventional
therapy have been practiced by clinicians such as laser[8,9],
microwave[10-13], radio frequency[14-19] and high energy focus

Figure 4 Many lymphocytes could be seen in the tumor tissues
and the microvilli on the surface of the lymphocytes attacking
the cancer cells in the Star-99 group (The right figure is a magnified image.).
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Cancer growth not only depends on proliferation[29-35] but
also on the reduced apoptosis[36-39]. At present time, cancer therapy
is now focusing on promoting apoptosis[40,41]. The apoptotic cells
could be identified by TUNEL assay[5, 42]. In this experiment, the
apoptotic index in Star-99 group (48.98±5.09 %) was significantly
higher than that in the ethanol group (11.95±2.24 %) and the
saline group (10.48±3.85 %) (P<0.01), which was consistent
with the result of FCM DNA analysis, the appearance rate of
the apoptosis peak in Srar-99 group was 92.9 %, markedly
higher than that of the ethanol group (14.3 %) and the saline
group (0.0 %) (P<0.01). These results showed that although
the cancer cells in ethanol group were destroyed which was
different from that by means of apoptosis. In the Star-99 group
it was mainly by induction of apoptosis.
The results of this study illustrated that the compound
Chinese medicine Star-99 has the strong effect on the growth
restraint of the tumor. Apart from its direct destruction of cancer
cells, the mechanism of the efficacy may be due to: (1) It can
increase the serum levels of IL-2 and TNF-α and trigger the
cellular immunity. (2) It can induce apoptosis of the cancer
cells. The anti-cancer effect of Star-99 is more or less equivalent
to the ethanol, but by different mechanisms. Based on the above
findings, Star-99 may have great significance and good
prospects in the future treatment of HCC.
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Abstract
AIM: To evaluate the value of right trisectionectomy,
previously named right trisegmentectomy, in the treatment
of primary liver cancer by summarizing our 13-year
experience for this procedure.
METHODS: Thirty three primary liver cancer patients
undergoing right trisectionectomy from Apr. 1987 to Dec.
1999 were investigated retrospectively. The impacts in
survival of patients by cancerous biological behavior, such
as tumor thrombi and satellite nodules, were discussed
respectively. All right trisectionectomies were performed
under normothermic interruption of porta hepatis at single
time. Ultrasonic dissector (CUSA system 200) was used in
dissection of hepatic parenchyma from Nov. 1992, instead
of finger fracture.
RESULTS: 1-, 3- and 5-year survival rates were 71.9 %,
40.6 % and 34.4 %, respectively. The longest survival term
with free cancer was 150 months (alive). There were no
significant differences in survival curves between cases with
and without tumor thrombi (right branch of portal vein) and
satellite nodules. Operative mortality was 3.0 % (1/33). Main
surgical complications occurred in 5 cases.
CONCLUSION: Right trisectionectomy should be regarded
as an effective and safe procedure for huge primary liver
cancers and is worth using more widely.
Rui JA, Wang SB, Chen SG, Zhou L. Right trisectionectomy for
primary liver cancer. World J Gastroenterol 2003; 9(4): 706-709
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INTRODUCTION
It has been documented that primary liver cancer has been the
more common cancer killer worldwide, especially in the areas
with high incidence, such as China[1]. Several methods has been
developed for the therapy of the malignancy[2-11]. The outcomes
have taken marked progress, but recurrence and metastasis rates
remain high[12,13]. Up to now, the difficult point is still existing
in treatment of large liver cancers, due to worse results and higher
risk[14,15]. Since the middle of last century[16], right trisectionectomy
(previous trisegmentectomy) has been used for huge hepatic
neoplasms covering right and left medial section. In 1975,
Starzl described and clearly defined in detail a safe technique
of right trisectionectomy[17]. Then he reported on 30 cases of
the operation in 1980, including malignant and benign hepatic
lesion[18]. In the past two decades, some papers described the

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

MATERIALS AND METHODS
Patients
From April 1987 to December 1999, total of 459 primary liver
cancer patients were hepatomized. Of them, 33 cases of right
trisectionectomies were performed. There were 24 (72.7 %)
males and 9 (27.3 %) females. Ages ranged from 15 to 69
years (mean ±SD, 45.9±16.7 years). Hepatitis B surface antigen
(HBsAg): 28 (84.8 %) were positive and 5 (15.2 %) were
negative. There were 8 (24.2 %) with slight cirrhosis and 25
(75.8 %) without. Child-Pugh’s classification: 22 (66.7 %) were
A grade and 11 (33.3 %) were B grade when the patients were
hospitalized, but they were all A grade before surgical procedures
through positive hepatic protective therapy. α-fetoprotein (AFP):
27 (81.8 %) were elevated and 6 (18.2 %) were normal. And the
highest value of AFP was 20 000 ng/ml. Sizes of tumor ranged
from 8 to 20 cm (mean ±SD, 13.9± 3.4 cm). Staging (TNM[24])
of Cancer: All tumors were stage IVA (T4N0M0). Pathology: 27
(81.8 %) were hepatocellular carcinoma, 2 (6.1 %) were
cholangiocarcinoma and 4 (12.1 %) were mixed hepatocellularcholangiocarcinoma. There were 17 cases (51.5 %) with tumor
thrombi in the right branch of the portal vein. 19 macroscopic
satellite nodules were found in 15 cases (45.5 %), and they didn’t
presented in left lateral section of the liver.
Evaluation for feasibility of surgery
The feasibility of right trisectionectomy for each patient was
considered carefully according to the following standards: (1)
Tumors (including satellite nodules no more than 2) were
limited in right and left medial section of the liver. There
weren’t any evidence about cancer invasion in left lateral
section. (2) Tumor masses had clear borders or psuedocapsule,
and without tumor thrombus in trunk of portal vein and hepatic
vein. (3) No evidence for distant metastasis. (4) Compensative
enlargement of left lateral section. (5) Child-Pugh’s
classification of liver function was A and indocyanine green
retention rate at 15 minutes (ICGR15)[25] was lower than 15 %
before surgery. (6) Serum bilirubin smaller than 34 mmol·L-1,
serum albumin higher than 30 g·L-1 and serum prothrombin
time larger than 60 % before surgery.
The situations of tumor were detected chiefly by image
examinations, including B-type ultrasonography, computed
tomography (CT), magnetic resonance imaging (MRI) and
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angiography. To assess liver function reserve of these patients
before operation, we adopted classical Child-Pugh’s
classification, ICGR test and some concrete parameters, as
described in standards. 146 cases of huge primary liver cancer
were eliminated from the indication according to above
standards. Of them, 69 cases were due to advanced tumor and
the rest 77 due to bad liver function reserve.

Surgical procedures
All of the right trisectionectomies were on standard style, i.e.
the resection edges were along the falciform ligaments of the
liver and removed blocks were Couinaud segments 4 to 8. From
November 1992, the ultrasonic dissector (CUSA system 200)
was adopted for dissecting hepatic parenchyma, instead of
previous finger fracture technique, introduced by Lin et al[26].
The procedures were all performed under normothermic
interruption of porta hepatis at single time. Interruption
lasted 15 to 40 minutes (mean ±SD, 25.3±6.8 minutes). The
total surgical time ranged from 165 to 312 minutes (mean
±SD, 236±63 minutes). The amount of bleeding ranged from
300 to 3 000 ml (mean ±SD, 1 240±560 ml). The quantities
of transfused blood ranged from 0 to 2 200 ml (mean ±SD,
1 020±550 ml). There were 2 cases that did not require blood
transfusion during right trisectionectomy. For dissection of the
liver parenchyma, we used finger fracture in 9 cases (27.3 %)
before November 1992 and ultrasonic dissector (CUSA System
200) in 24 cases (72.7 %) after the time. Net weight of specimens
ranged from 1 500 to 3 100 g (mean ±SD, 2 330±520 g).
Adjuvant therapy and follow-up
All patients were covered in our strict follow-up after the
procedure. AFP, B-type ultrosonography, computed
tomography (CT) magnetic resonance imaging (MRI) and
angiography were used as monitors of recurrence and
metastasis. Moreover, follow-ups by mail, E-mail and
telephone were taken for patients without reexaminations every
year. Follow-up terms were 3 to 150 months. The latest followup was in November 2000 and survival terms of patients alive
were calculated to October 2000. When the recurrences were
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found, they were treated by transcatheter arterial
chemoembolization (TACE), percutaneous ethanol injection
(PEI) etc. 11 patients underwent TACE, 5 patients underwent
PEI and 7 patients underwent both.

Statistical analysis
Survival curves were analyzed by Kaplan-Meier and Log rank
test. The χ 2 and Student t test were used to determine
comparability of groups. Statistically significant P value was
defined as <0.05.
RESULTS
Survival rates, recurrence and metastasis after right
trisectionectomy
The postoperative survival rates at 1-, 2-, 3-, 4- and 5-years
were 71.9 %, 50 %, 40.6 %, 37.5 % and 34.4 %, respectively
(Kaplan-Meier method). Ten cases have survived from 13 to
150 months according to the November 2000 follow-up. Survival
curve of all patients is shown in Figure 1. The longest tumorf r ee su r v iv al ter m was 1 5 0 m o n th s ( aliv e) . Th e
clinicopathological features in cases with and without satellite
nodules and tumor thrombi in the right branch of the portal vein
are shown in Table 1, and their survival curves were presented
in Figure 2 and 3, there were no significant differences (P>0.05,
Log rank test). During follow-up term, recurrence and metastasis
of cancer was found in 27 patients (81.8 %).
Operative mortality after right trisectionectomy
There was one patient who died of hepatic failure within
one month after the operation. The operative mortality was
3.0 % (1/33).
Surgical complications after right trisectionectomy
There were 5 cases (15.2%) that developed main surgical
complications after right trisectionectomies, including 2 cases
of hepatic failure, 2 cases of bile leakage and 1 case of
secondary bleeding. Four patients recovered by positive
reoperation excluding 1 case of hepatic failure.

Table 1 Clinicopathological features of patients
Variables
Age

TT present (17)

TT absent (16)

P

43.4(18.2)

47.6(16.5)

>0.05b

Sex
Male
Female

>0.05

SN present (15)

SN absent (18)

46.8(17.6)

45.1(15.7)

10(62.5)

13(86.7)

11(61.1)

3(17.6)

6(37.5)

2(13.3)

7(38.9)

5(33.3)

3(16.7)

10(66.7)

15(83.3)

>0.05a

Present

4(23.5)

4(25.0)

Absent

13(76.5)

12(75.0)

AFP

>0.05

>0.05b
>0.05a

a

14(82.4)

LC

P

>0.05a

>0.05a

a

Elevated

15(88.2)

12(75.0)

13(86.7)

Normal

2(11.8)

4(25.0)

2(13.3)

4(22.2)

TS (cm)

12.5(2.6)

16.7(5.8)

>0.05b

14.4(3.8)

13.2(3.1)

>0.05b

BL (ml)

1290(640)

1210(450)

>0.05

b

1300(680)

1220(390)

>0.05b

BT (ml)

1100(720)

980(370)

>0.05

b

1050(510)

990(570)

>0.05b

WS (g)

2280(490)

2350(530)

>0.05

b

2380(570)

2300(460)

>0.05b

13(76.5)

14(87.6)

12(80.0)

15(83.3)

1(5.9)

1(6.2)

1(6.7)

1(5.6)

3(17.6)

1(6.2)

2(13.3)

2(11.1)

Pathology
HCC
CC
MHCC

14(77.8)

>0.05a

>0.05a

Values in parentheses are percentages or standard errors. TT, tumor thrombus; SN, satellite nodule; LC, liver cirrhosis; AFP, αfetoprotein; TS, tumor size; BL, blood loss; BT, blood transfusion; WS, weight of specimen; HCC, hepatocellular carcinoma; CC,
cholangiocarcinoma; MHCC, mixed hepatocellular-cholangiocarcinoma. a: χ2 test, b: Student t test.
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Figure 2 Survival curves of patients. , with satellite nodules
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Figure 3 Survival curves of patients. , with tumor thrombus
(TT);
, without tumor thrombus. P>0.05, Log rank test.

DISCUSSION
In the therapy of primary liver malignancy, curative hepatic
resection has been regarded as a primary method for radical
treatment. But for hepatoma mainly in the right lobe and which
invades the medial section of the left lobe, resection has always
been difficult. Despite the fact that there has been research
about right trisectionectomy, previous trisegmentectomy,
mortality and morbidity remains high. There are few studies
with large sample groups of primary liver cancer patients treated
with right trisectionectomy. Starzl[18] reported on 19 cases of
primary hepatic malignant tumors (14 primary liver cancers
and 5 other types of tumors) treated by the procedure, The 1year survival rate was more than 50 %. Holbrook et al[27]
reported on 13-years of experience in resection of malignant
primary liver tumors, including 9 right trisectionectomies.
Overall 1-, 2-, 3-, and 5-year survival rates were 57 %, 52 %,
40 % and 33 %, respectively. Mortality was 7 % and
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complication incidence was 26 %. Kumada et al[28] reported
on 11 cases of tri- and bi-sectionectomy for HCC, mean
survival time was 16 months, mortality was 15.4 %. We had
reported 4 right trisectionectomies to treat extensive primary
liver cancers in 1991[29]. Three cases survived more than 1 year.
From April 1987 to December 1999, we performed 33 right
trisectionectomies for primary liver cancer patients, 1-, 2-, 3-,
4- and 5-year survival rates were 71.9 %, 50 %, 40.6 %, 37.5 %
and 34.4 %, respectively. The longest term of survival with
free cancer was 150 months. Mortality was 3.0 % and the
surgical complication rate was 15.2 %. These results are related
to new advances in liver surgery. To control severe
intraoperative bleeding, we used normothermic interruption
of the porta hepatis at single time. Previously, we reported on
20 cases of hemihepatectomy using this interruption method.
Manipulation appeared simple and convenient. Mortality was
0 %[30]. These data suggested that normothermic interruption
of the porta hepatis at single time should be regarded as an
effective and safe method to limit bleeding in liver surgery.
Th er e wer e two p atien ts in th is stu d y th at wer e
trisectionectomized without blood transfusion. Besides, the use
of ultrasonic dissector in later period made the operative fields
more clear. Thus, manipulations became more convenient and
accurate. Meanwhile, the low incidence of complications and
mortality were related to the accurate estimation of liver
functional reserve prior to operation. We adopted the ChildPugh’s classification, some detailed parameters and ICGR test.
Child-Pugh’s classification was a classical method for estimating
liver function. It could become more accurate if helped by other
concrete markers, such as serum bilirubin, prothrombin time
and albumin. Besides, ICGR test, a proven sensitive indicator
of liver function reserve[25], also provided important information.
Our experience is that the combination of these parameters could
accurately predict liver function reserve.
In the present study, we analyzed the influence of some
pathological features on outcome of right trisectionectomy for
huge primary liver cancers. The clinicopathological features
showed in Table 1 suggested the comparability between
patients with and without tumor thrombi or satellite nodules
(all P>0.05). And no significant differences could be found in
their survival curves (P>0.05), in spite of some differences in
these curves. These findings suggest that surgeons should use
curative resection in therapy of huge tumors, even in those
with a few satellite nodules and tumor thrombi, if the tumor
thrombi are only in the right branch of the portal vein, a
satisfactory effect could be expected.
In conclusion, right trisectionectomy is an effective and
safe procedure and should become one of strategies, and surgical
arts in the treatment of huge tumor of primary liver cancers.
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Abstract
AIM: To investigate the role of glycylproline dipeptidyl
aminopeptidase (GPDA) isoenzyme in the diagnosis of
primary hepatocellular carcinoma (PHC), especially in patients
with negative alpha-fetoprotein (AFP).
METHODS: A stage gradient polyacrylamide gel
discontinuous electrophoresis system was developed to
separate serum GPDA isoenzymes, which were determined
in 102 patients with PHC, 45 cases with liver cirrhosis, 24
cases with chronic hepatitis, 35 cases with benign liver spaceoccupying lesions, 20 cases with metastatic liver cancer and
50 cases with extra-hepatic cancer, as well as 80 healthy
subjects. The relationships between GPDA isoenzymes and
AFP, the sizes of tumors, as well as alanine aminotransferase
(ALT) were also analyzed.
RESULTS: Serum GPDA was separated into two isoenzymes,
GPDA-S and GPDA-F. The former was positive in all subjects,
while the latter was found mainly in majority of PHC (85.3 %)
and a few cases with liver cirrhosis (11.1 %), chronic hepatitis
(33.3 %), metastatic liver cancer (15.0 %) and non-hepatic
cancer (16.0 %). GPDA-F was negative in all healthy subjects
and patients with benign liver space-occupying lesions,
including abscess, cysts and angioma. There was no
correlation between GPDA-F and AFP concentration or tumor
size. GPDA-F was consistently positive and not correlated
with ALT in PHC, but GPDA-F often converted to negative as
decline of ALT in benign liver diseases. The electrophoretic
migration of GPDA-F became sluggish after the treatment
of neuraminidase.
CONCLUSION: GPDA-F is a new useful serum marker for
PHC. Measurement of serum GPDA-F is helpful in diagnosis
of PHC, especially in patients with negative AFP. GPDA-F is
one kind of glycoproteins rich in sialic acid.
Ni RZ, Huang JF, Xiao MB, Li M, Meng XY. Glycylproline dipeptidyl
aminopeptidase isoenzyme in diagnosis of primary hepatocellular
carcinoma. World J Gastroenterol 2003; 9(4): 710-713
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INTRODUCTION
Glycylproline dipeptidyl aminopeptidase (GPDA) was
discovered by Hapsu-Hava and Glenner in 1966 [1]. It is widely
distributed in human and animal tissues and catalyzes the

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

MATERIALS AND METHODS
Patients and healthy subjects
The resources of all patients in this study were from Affiliated
Hospital of Nantong Medical College. The diagnosis of PHC
met the diagnostic criterion of Liver Cancer Branch Committee
of Chinese Anti-cancer Association. The diagnosis in 35
patients was confirmed pathologically. The origins of 20
metastatic liver cancers were gastrointestinal tract cancer (16
cases), lung cancer (2 cases) and breast cancer (2 cases). The
origins in 50 cases with extra-hepatic cancer were
gastrointestinal tract (22 cases), pancreas (5 cases), bile duct
(6 cases ), ovary (8 cases), bladder (4 cases), lung (4 cases)
and kidney (1 case). Thirty-five benign liver space-occupying
lesions were composed of 8 liver abscess, 2 liver cysts and
25 liver angioma. The diagnoses of 45 cases with hepatic
cirrhosis and 24 chronic hepatitis were based on clinical
manifestations and liver biopsy. The control samples came
from healthy blood donor.
Detection of GPDA isoenzymes
Separation of GPDA isoenzymes was performed on stage
gradient polyacrylamide gel with a vertical slab electrophoresis
apparatus. The gel consists of one layer of stack gel and two
layers of separating gels. The following solutions were used
for the preparation of gels: (1) Solution A: 30 % acrylamide
containing 0.8 % bisacrylamide; (2) Solution B: 4.95 % Tris
base containing 0.05 %TEMED, pH6.9; (3) Solution C: 0.14 %
ammonium persulfate. A gel of dimensions of 12.0 cm×10.0
cm×0.15 cm was prepared and loaded with 20 µl of serum.
The gel run at a constant voltage of 60 V for the first three
hours and then at the voltage of 100 V for another 16 hours.
for
After the electrophoresis, the gel was incubated at 37
30 min with a piece of acetate cellulose membrane of the gel
size pre-soaked with a substrate solution, which consists of 15
mg of glycylproline-β-nitroanilide, 4.8 ml of 100 mmol·L-1
Tris-glycylglycine (pH 8.4), 0.1 ml of 100 ml·L-1 sodium nitrite
and 0.1 ml of 50 g·L -1 N-(naphthyl)-ethylenediamine
dihydrochloride. Finally red GPDA isoenzyme bands were
visualized soon by immersing the acetate cellulose membrane
into a solution composed of 100 ml·L-1 trichloracetic acid and
250 ml·L-1 glycerol.
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Measurement of AFP and ALT
ALT was measured with the method recommended by
International Federation of Clinical Chemistry[5] and AFP was
determined with routine radioimmunoassay.
Treatment of serum with neuraminidase
Serum was incubated with 10 u/ml neuraminidase at 37
15 hr before electrophoresis.

for

Statistical analysis
Chi-square test and student t tests were used. P<0.05 was
considered as statistically significant.
RESULTS
Serum GPDA isoenzyme in patients with PHC and other diseases
Serum GPDA was separated into two isoenzyme bands with
the electrophoresis system (Figure 1). The band in the anode
was called as GPDA-F (fast band) and the band in cathode as
GPDA-S (slow band). GPDA-S was positive in all subjects,
including healthy persons and patients, while positive rates of
GPDA-F varied in different diseases. GPDA-F was found in
most patients with PHC and a few patients with benign liver
diseases and extra-hepatic cancer, but no GPDA-F was found
in all healthy persons and the patients with benign liver spaceoccupying lesions (Table 1). In patients with PHC, positive
GPDA-F was considered as true positive and negative GPDAF as false negative, while in patients with other diseases positive
GPDA-F was considered as false positive and negative GPDAF as true negative. Therefore, the sensitivity, specificity and
accuracy of GPDA-F in diagnosis of PHC were 85.3 %, 86.2 %
and 85.9 % respectively (Table 1).
Anode

GPDA-F
GPDA-S

Cathode
1 2 3 4 5

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

sensitivity of AFP was 72.5 % and that of AFP with GPDA-F
would reach up to 91.2 %. The diagnostic accuracy was also
increased with the combination of AFP and GPDA-F (Table 3).
Table 2 Relationship between AFP and GPDA-F in sera of
cases with PHC
AFP(ng/ml)
<50
-400
>400

Healthy subjects
PHC
Liver cirrhosis
Chronic hepatitis
Benign liver spaceoccupying lesions
Metastatic hepatic cancer
Extra-hepatic cancer

GPDA-F (-)

n

%

n

%

0
87 a
5
8
0

0
85.3
11.1
33.3
0

80
15
40
16
35

100.0
14.7
88.9
66.7
100.0

3
8

15.0
16.0

17
42

85.0
84.0

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

GPDA-F(+)

28
12
62

21(75.0%)
11(91.6%)
55(88.7%)

Table 3 Diagnostic value of both AFP and GPDA-F in PHC
Sensitivity (%)
AFP alone
GPDA-F alone
AFP and GPDA-F

Specificity (%)

72.5
85.3
91.2

95.2
87.1
84.7

Accuracy (%)
85.0
86.3
88.5

The relationship between GPDA-F and tumor size
One hundred and two cases with PHC were divided into two
groups based on size of tumor, 23 cases were small liver cancer
with tumor diameter ≤5 cm and 79 cases were advanced liver
cancer with tumor diameter >5 cm. Positive rate of GPDA-F
was 78.3 % (18/23) in small liver cancer, and 87.3 % (69/79)
in advanced liver cancer. However, there was no statistical
difference between the two groups (P>0.05).
Characteristics of GPDA-F in PHC and benign liver diseases
In order to know whether GPDA-F is associated with
inflammation of hepatocytes, GPDA-F and ALT were
measured simultaneously. There was no significant difference
of ALT activities between positive and negative GPDA-F
groups in PHC, but ALT activities in positive GPDA-F group
were significantly higher than that in negative group in liver
cirrhosis and chronic hepatitis (Table 4), suggesting that
GPDA-F was associated with elevated ALT in benign liver
diseases, but not in PHC. It was also found that GPDA-F often
converted to negative with the decrease of ALT in benign liver
diseases but no in PHC (data not shown).
Table 4 Relationship between GPDA-F and ALT in different
liver diseases
ALT (x±s, u/L)
PHC

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

n

Negative GPDA-F
Positive GPDA-F
a

Hepatic cirrhosis

31.0±9.6
50.1±10.2

31.6±3.6
67.6±31.6
a

Chronic hepatitis
67.3±13.2a
159.8±46.6

P<0.05 vs positive GPDA-F group.

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

a

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

Anode

GPDA-F
GPDA-S

Cathode
1

2

Figure 2 The effect of neuraminidase on migration of serum
GPDA isoenzymes. (Lane 1: before treatment of neuraminidase;
lane 2: after treatment of neuraminidase).
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DISCUSSION
PHC is one of the most severe malignancies and ranks second
mortality in malignant tumors in China[6,7]. The prognosis is
poor due to its delayed diagnosis and low resectable rate. Thus
early diagnosis is important to improve the prognosis. Tumor
markers are very useful in diagnosis. AFP is the most widely
used tumor marker for PHC with a positive rate from 60 % to
70 %[8-11]. AFP-L-3, one of the glycoforms of AFP, has higher
specificity for PHC. However, it cannot increase the diagnostic
sensitivity[12-16]. Many studies have focused on other tumor
markers to improve the diagnostic sensitivity for PHC. It has
been found that there are some tumor markers, which are
complementary to AFP in diagnosis of PHC, such as des-gammacarboxy prothrombin (PIVKA-II)[17-23], γ-glutamyltransferase
isoenzyme[24-26], transforming growth factor-β1[27-29] and α-Lfucosidase[30-34] .
In present study, we have investigated the value of GPDA
isoenzymes in diagnosis of PHC. With a stage gradient
polyacrylamide gel electrophoresis system, serum GPDA has
been separated into two isoenzymes, GPDA-F and GPDA-S.
GPDA-F was often detected in sera of patients with PHC, with
a much higher positive rate than in other liver diseases,
including liver cirrhosis, chronic hepatitis, metastatic liver
cancer and extra-hepatic tumors; while GPDA-F was negative
in healthy subjects and patients with benign liver spaceoccupying lesions. The sensitivity and specificity of GPDA-F
in diagnosis of PHC were 85.3 % and 86.2 %, respectively.
These results indicate that GPDA-F may be a valuable serum
marker for PHC.
Serum GPDA-F in patients with benign liver diseases
possibly originates from the inflammatory hepatocytes because
in such cases positive GPDA-F was often accompanied by
elevated ALT and changed to negative with the decline of ALT.
On the contrary, GPDA-F in PHC is persistently positive and
not correlated with ALT. Therefore, simultaneous determination
and follow-up of ALT may help to rule out the false positive
GPDA-F in benign liver diseases. It is known that some serum
hepatoma markers are of predictive and early diagnostic value
for PHC, such as AFP, des-gamma-carboxy prothrombin and
gamma-glutamyltransferase isoenzyme II[21-23, 26]. Whether
persistent positive of GPDA-F in a few cases of liver cirrhosis
is the precursor of hepatocarcinogenesis needs further
investigation.
Although the diagnostic efficiency for PHC has been greatly
improved in recent years with the use of many advanced image
techniques, it is still difficult to make the diagnosis in some
cases, especially for those at early stage or with negative AFP.
Present study showed that GPDA-F and AFP were
complementary for diagnosis of PHC. In these data, GPDA-F
was positive in 75 % PHC cases of negative AFP but negative
in all benign liver space-occupying lesions. Therefore, GPDAF is of special value for the differential diagnosis of liver spaceoccupying lesions of unknown nature. Our data also showed
that there was no correlation between tumor size and GPDAF. In 23 cases of small liver cancer, the positive rate of GPDAF was 78.3 %, suggesting that GPDA-F may be a good marker
of PHC at early stage.
The exact mechanism by which GPDA-F appears in the sera
of PHC cases is not clarified. It is possible that GPDA-F is
produced by hepatoma tissues and then released into blood,
since GPDA-F was only found in sera of those PHC cases in
whose hepatoma tissues GPDA-F was positive (unpublished
data). The electrophoretic migration of GPDA-F became slower
than its isoenzyme GPDA-S after treatment with neuramidinase,
indicating that GPDA-F is a kind of glycoprotein rich in sialic
acids in its sugar chain. Therefore, the modification of the sugar
chain after GPDA protein synthesis may be the main process
of the production of GPDA-F. It has been known that several
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kinds of glycoproteins synthesized by hepatoma cells are
different from those produced by hepatocytes. For example,
AFP and alpha-1-antitrypsin have higher percentage of lens
culinaris agglutinin-reactive species in hepatocellular
carcinoma than in benign liver diseases. It is also clear that the
fucosylation of the sugar chain at the innermost Nacetylglucosamine is the molecular basis of this variation[35, 36]
Whether there is the difference of fucosylation of GPDA
isoenzymes between hepatocellular carcinoma and benign liver
diseases needs to be studied further.
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Abstract
AIM: To construct and express ODC recombinant gene for
further exploring its potential use in early diagnosis of
colorectal carcinoma.
METHODS: Total RNA was extracted from colon cancer
tissues and amplified by reverse-transcription PCR with two
primers, which span the whole coding region of ODC. The
synthesized ODC cDNA was cloned into vector pQE-30 at
restriction sites BamH I and Sal I which constituted
recombinant expression plasmid pQE30-ODC. The sequence
of inserted fragment was confirmed by DNA sequencing,
the fusion protein including 6His-tag was facilitated for
purification by Ni-NTA chromatographic column.
RESULTS: ODC expression vector was constructed and
confirmed with restriction enzyme digestion and subsequent
DNA sequencing. The DNA sequence matching on NCBI Blast
showed 99 % affinity. The vector was transformed into E.
coli M15 and expressed. The expressed ODC protein was
verified with Western blotting.
CONCLUSION: The ODC prokaryote expression vector is
constructed and thus greatly facilitates to study the role of
ODC in colorectal carcinoma.
Hu HY, Liu XX, Jiang CY, Zhang Y, Bian JF, Lu Y, Geng Z, Liu
SL, Liu CH, Wang XM, Wang W. Cloning and expression of
ornithine decarboxylase gene from human colorectal carcinoma.
World J Gastroenterol 2003; 9(4): 714-716

http://www.wjgnet.com/1007-9327/9/714.htm

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

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

MATERIALS AND METHODS
Materials
Trizol, RNA extract reagent, were purchased from Life
Technologies Inc. RT-PCR kit, T-A clone kit, DNA marker
and all restrictive enzymes were purchased from TaKaRa
Shuzo Co.Ltd. Primers were synthesized by Sangon. The
QIAquick Gel Extraction Kit, and expression system were got
from QIAGEN. Protein marker was purchased from Shanghai
Lizhudongfeng biotechnologies Co.Ltd. Standard ODC was
purchased from Sigma.
Tissues
Colorectal carcinoma and respective adjacent normal colorectal
mucus were obtained during surgery. Once the specimens were
removed during operation, the necrotic and ulcerated tumors
were removed and the normal mucosa was dissociated from
the muscle and connective tissue. All specimens were then
kept in liquid nitrogen until further use.
Extraction of total RNA
The total cellular RNA was extracted from normal and cancer
tissues, respectively. The method of RNA extraction was similar
to the Trizol RNA extraction protocol (Life Technologies Inc.).
The concentration of RNA extracted was determined at
wavelength of 260nm using U-2000 spectrophotometer
(HITACH Ltd, Tokyo, Japan).
Reverse transcription polymerase chain reaction (RT-PCR)
The sequence of ODC primers was as follows, up-stream
primer: 5’- gca ggatcc acc atg aac aac ttt ggt aa; down-stream
primer: 5’-gaa gtcgac cta cac att aat act agc cg. The 5’ primer
recognized the start codon of ODC in exon 3, and the 3’primer
recognized the end-codon in exon 12. Restriction sites were
BamH I and Sal I. The first strand of cDNA was synthesized
at 55 for 30 min in the presence of AMV reverse transcriptase
(0.5 unit/µl), RNase inhibitor 1 unit/ml, dNTP 1.0 mM, Mg2+
2.5 mM. The PCR was processed through 35 cycles of denature
(1 min at 95 ), annealing (1.5 min at 58 ), and extension
(1 min at 72 ) (Perkin-Elmer2400 PCR apparatus).
Purification of PCR product and T-A cloning
The PCR products were separated in 1 % agarose gel, and the
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band containing ODC cDNA was cut off and placed into the
QIAquick spin column, the ODC cDNA was purified and
linked to plasmid pMD-18 with a polyA linker. The
recombinant was transformed into E. coli. DH5α and selected
by selective culture medium containing ampicillin.

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

Construction of pQE30-ODC
The pMD-ODC and pQE30 were digested by restrictive
enzymes BamH I and SalI. The inserted fragment of pMDODC was collected from electrophoretic gel, then it was ligated
with the linearized pQE30 by T4 Ligase at 18
overnight.
The recombinant was transformed into E. coli DH5α by CaCl2
method and selected by agar plate containing ampicillin and
confirmed by restriction enzyme mapping. The positive
recombinant was transformed into E. coli. M15.The sequence
of inserted fragment was confirmed by DNA sequencing
(Shanghai Sangon Bioengineering Co.Ltd.).

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

The expression of ODC fusion protein
The ampicillin-resistant colony of E. coli cells transformed
with plasmid were cultured in LB cultural medium containing
100 mg/L ampicillin and 25 mg/L Kanamycin, and induced
by 1 mM IPTG. The cultured cells were harvested at 1, 2, 3,
4hr after culture, respectively. The optimum time of maximum
expression of proteins was analyzed through SDS-PAGE. The
expressed ODC protein was tested through Western blot with
specific antiserum.
RESULTS
RT-PCR amplification of ODC encoding sequence
RT-PCR was done with total RNA template extracted from
human colon cancer. The designed primers include encoding
sequence of ODC. Electrophoresis of RT-PCR products confirmed
the length of RT-PCR fragment (1 480 bp) (Figure 1).
The purified ODC cDNA was ligated to pMD-18 by T-A
complimentary pairing. ODC cDNA was inserted into pQE30
at BamH I and Sal I sites (Figure 2).
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Figure 1 RT-PCR product on 1 % agarose gel. Lane 1: ODC
RT-PCR product, 1 480 bp in length; Lane 2: pQE30-ODC plasmid digested by restriction enzyme BamHI and SalI.
PT5
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Figure 2 The pQE30-ODC expression vector including early
promoter T5, Lac operator and 6His-Tag.
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Figure 3 Expressed ODC protein on SDS-PAGE. Lane 1: M15
negative control; Lane 2-5: Expressed ODC proteins in M15 1
to 4 hour(s) after induction of IPTG; M: Protein marker; The
arrow showed the expressed ODC protein.
1 2

50kd

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

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

24

REFERENCES

25

1
2
3

4
5
6

7
8
9
10

11
12
13

Jeevanandam M, Petersen SR. Clinical role of polyamine
analysis: problem and promise. Curr Opin Clin Nutr Metab Care
2001; 4: 385-390
Auvinen M. Cell transformation, invasion, and angiogenesis: a
regulatory role for ornithine decarboxylase. J Natl Cancer Inst
1997; 85: 533-537
Bowlin TL, McKown BJ, Davis GF, Sunkara PS. Effect of polyamine
depletion in vivo by DL-alpha-difluoromethylornithine on functionally distinct populations of tumoricidal effector cells in normal and tumor-bearing mice. Cancer Res 1986; 46: 5494-5498
Umar A, Viner JL, Hawk ET. The future of colon cancer
prevention. Ann N Y Acad Sci 2001; 952: 88-108
Rozhin J, Wilson PS, Bull AW, Nigro ND. Ornithine decarboxylase
activity in the rat and human colon. Cancer Res 1984; 44: 3226-3230
Hixson LJ, Garewal HS, McGee DL, Sloan D, Fennerty MB,
Sampliner RE, Gerner EW. Ornithine decarboxylase and
polyamines in colorectal neoplasia and mucosa. Cancer Epidemiol
Biomarkers Prev 1993; 2: 369-374
Giardiello FM, Hamilton SR, Hylind LM, Yang VW, Tamez P,
Casero RA Jr. Ornithine decarboxylase and polyamines in familial adenomatous polyposis. Cancer Res 1997; 57: 199-201
Pegg AE, Shantz LM, Coleman CS. Ornithine decarboxylase as a
target for chemoprevention. J Cell Biochem (Suppl.) 1995; 22: 132-138
Thomas T, Thomas TJ. Polyamines in cell growth and cell death:
molecular mechanisms and therapeutic applications. Cell Mol Life
Sci 2001; 58: 244-258
Wallon UM, Persson L, Heby O. Regulation of ornithine decarboxylase during cell growth. Changes in the stability and translatability of the mRNA, and in the turnover of the protein. Mol
Cell Biochem 1995; 146: 39-44
Seiler N, Atanassov CL, Raul F. Polyamine metabolism as target
for cancer chemoprevention (review). Raul F Int J Oncol 1998; 13:
993-1006
Kingsnorth AN, Wallace HM. Elevation of monoacetylated
polyamines in human breast cancers. Eur J Cancer Clin Oncol 1985;
21: 1057-1062
Wallace HM, Caslake R. Polyamines and colon cancer. Eur J
Gastroenterol Hepatol 2001; 13: 1033-1039

15

16
17
18
19
20
21
22

23

26
27
28

29

30

31
32
33

34

35

April 15, 2003 Volume 9 Number 4

Faaland CA, Thomas TJ, Balabhadrapathruni S, Langer T, Mian
S, Shirahata A, Gallo MA, Thomas T. Molecular correlates of the
action of bis(ethyl)polyamines in breast cancer cell growth inhibition and apoptosis. Biochem Cell Biol 2000; 78: 415-426
Canizares F, Salinas J, de las Heras M, Diaz J, Tovar I, Martinez
P, Penafiel R. Prognostic value of ornithine decarboxylase and
polyamines in human breast cancer: correlation with clinicopathologic parameters. Clin Cancer Res 1999; 5: 2035-2041
Linsalata M, Caruso MG, Leo S, Guerra V, D’Attoma B, Di Leo
A. Prognostic value of tissue polyamine levels in human colorectal
carcinoma. Anticancer Res 2002; 22: 2465-2469
Takami H, Koudaira H, Kodaira S. Relationship of ornithine
decarboxylase activity and human colon tumorigenesis. Jpn J Clin
Oncol 1994; 24: 141-143
Pegg AE. Recent advances in the biochemistry of polyamines in
eukaryotes. Biochem J 1986; 234: 249-262
Evan GI, Wyllie AH, Gilbert CS, Littlewood TD, Land H, Brooks
M, Waters CM, Penn LZ, Hancock DC. Induction of apoptosis in
fibroblasts by c-myc protein. Cell 1992; 69: 119-128
Bello-Fernandez C, Packham G, Cleveland JL. The ornithine decarboxylase gene is a transcriptional target of c-Myc. Proc Natl
Acad Sci U S A 1993; 90: 7804-7808
Packham G, Cleveland JL. Ornithine decarboxylase is a mediator of c-Myc-induced apoptosis. Mol Cell Biol 1994; 14: 5741-5747
Iyengar RV, Pawlik CA, Krull EJ, Phelps DA, Burger RA, Harris
LC, Potter PM, Danks MK. Use of a modified ornithine decarboxylase promoter to achieve efficient c-MYC- or N-MYC-regulated protein expression. Cancer Res 2001; 61: 3045-3052
Kahana C, Nathans D. Translational regulation of mammalian
ornithine decarboxylase by polyamines. J Biol Chem 1985; 260:
15390-15393
Shantz LM, Pegg AE. Translational regulation of ornithine decarboxylase and other enzymes of the polyamine pathway. Int J
Biochem Cell Biol 1999; 31: 107-122
Lu L, Stanley BA, Pegg AE. Identification of residues in ornithine decarboxylase essential for enzymic activity and for rapid
protein turnover. Biochem J 1991; 277: 671-675
Dircks L, Grens A, Slezynger TC, Scheffler IE. Post-transcriptional regulation of ornithine decarboxylase activity. J Cell Physiol
1986; 126: 371-378
Heller JS, Fong WF, Canellakis ES. Induction of a protein inhibitor to ornithine decarboxylase by the end products of its reaction.
Proc Nat Acad Sci USA 1976; 73: 1858-1862
Fogel-Petrovic M, Vujcic S, Miller J, Porter CW. Differential posttranscriptional control of ornithine decarboxylase and spermidine-spermine N1-acetyltransferase by polyamines. FEBS Lett
1996; 391: 89-94
Ruhl KK, Pomidor MM, Rhim JS, Tuan RS, Hickok NJ. Post-transcriptional suppression of human ornithine decarboxylase gene
expression by phorbol esters in human keratinocytes. J Invest
Dermatol 1994; 103: 687-692
Flamigni F, Campana G, Carboni L, Rossoni C, Spampinato S.
Post-transcriptional inhibition of ornithine decarboxylase induction by zinc in a difluoromethylornithine resistant cell line.
Biochim Biophys Acta 1994; 1201: 101-105
Thompson HJ, Ronan AM. Effect of D,L-2-difluoromethylornithine
and endocrine manipulation on the induction of mammary carcinogenesis by 1-methyl-1-nitrosourea. Carcinogenesis 1986; 7: 2003-2006
Nigro ND, Bull AW, Boyd ME. Inhibition of intestinal carcinogenesis in rats: effect of difluoromethylornithine with piroxicam
or fish oil. J Natl Cancer Inst 1986; 77: 1309-1313
Loprinzi CL, Messing EM, O’Fallon JR, Poon MA, Love RR,
Quella SK, Trump DL, Morton RF, Novotny P. Toxicity evaluation of difluoromethylornithine: doses for chemoprevention trials.
Cancer Epidemiol Biomarkers Prev 1996; 5: 371-374
Carbone PP, Douglas JA, Larson PO, Verma AK, Blair IA,
Pomplun M, Tutsch KD. Phase I chemoprevention study of
piroxicam and alpha-difluoromethylornithine.Cancer Epidemiol
Biomarkers Prev 1998; 7: 907-912
Love RR, Carbone PP, Verma AK, Gilmore D, Carey P, Tutsch KD,
Pomplun M, Wilding G. Randomized phase I chemoprevention
dose-seeking study of alpha-difluoromethylornithine. J Natl Cancer
Inst 1993; 85: 732-737
Edited by Ren SY

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

World J Gastroenterol 2003;9(4):717-720
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• COLORECTAL CANCER •

Pre-operative radiochemotherapy of locally advanced rectal cancer
Xiao-Nan Sun, Qi-Chu Yang, Jian-Bin Hu
Xiao-Nan Sun, Qi-Chu Yang, Jian-Bin Hu, Department of Radiation
Oncology, Sir Run Run Shaw Hospital, College of Medicine, Zhejiang
University, Hangzhou 310016, Zhejiang Province, China
Correspondence to: Dr. Xiao-Nan Sun, Department of Radiation
Oncology, Sir Run Run Shaw Hospital, College of Medicine,
Zhejiang University, Hangzhou 310016, Zhejiang Province, China.
sunxiaonan@hotmail.com
Telephone: +86-571-86090073 Fax: +86-571-86044817
Received: 2002-08-01 Accepted: 2002-11-19

Abstract
AIM: To evaluate results of pre-operative radiochemotherapy
followed by surgery for 15 patients with locally advanced
un-resectable rectal cancer.
METHODS: 15 patients with advanced non-resectable rectal
cancer were treated with pre-operative irriadiation of 4046 Gy plus concomitant chemotherapy (5-FU+LV and 5’DFuR) (RCS group). For comparison, 27 similar patients,
treated by preoperative radiotherapy (40-50 Gy) plus surgery
were served as control (RS group).
RESULTS: No radiochemotherapy or radiotherapy was
interrupted and then was delayed because of toxicities in
both groups. The radical resectability rate was 73.3 % in
the RCS group and 37.0 % (P=0.024) in RS group. Sphincter
preservation rates were 26.6 % and 3.7 % respectively
(P=0.028). Sphincter preservation rates of lower rectal cancer
were 27.3 % and 0.0 % respectively (P=0.014). Response
rates of RCS and RS groups were 46.7 % and 18.5 %
(P=0.053). The tumor downstage rates were 8 (53.3 %)
and 9 (33.3 %) in these groups (P=0.206). The 3-year overall
survival rates were 66.7 % and 55.6 % (P=0.485), and the
disease free survival rates were 40.1 % and 33.2 %
(P=0.663). The 3-year local recurrent rates were 26.7 %
and 48.1 % (P=0.174). No obvious late effects were found
in either groups.
CONCLUSION: High resectability is possible following preoperative radiochemotherapy and can have more sphincters
preserved. It is important to improve the quality of the
patients’ life even without increasing the survival or local
control rates. Preoperative radiotherapy with concomitant
full course chemotherapy (5-Fu+LV and 5’-DFuR) is effective
and safe.
Sun XN, Yang QC, Hu JB. Pre-operative radiochemotherapy of
locally advanced rectal cancer. World J Gastroenterol 2003; 9
(4): 717-720
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INTRODUCTION
Neoadjuvant treatment is delivered as radiotherapy (RT) or
radiochemotherapy (RCT) prior to surgery with the aim to
devitalize primary and metastatic tumor cells and to shrink the
tumor so that resection is facilitated even in case of primarily

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

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

RCS group
12/3
56(33-72)
70-90

RS group
21/6
58(18-71)
70-90

Primary site
Middle
lower

4

7

11

20

Degree of differentiation
Well

1

2

Moderate

7

15

Poor

3

4

Not specified

4

6

T3N0M0

5

14

T3N1M0

0

3

TNM staging

T4N0M0

6

3

T4N1M0

4

5

T4N2M0

0

2

Treatment
Radiation was delivered by linear accelerator (10 MV X-ray).
Similar fields were used for treatment in both groups. The initial
pelvic radiation therapy volume of AP/PA ports and two lateral
fields treated to 4 000 cGy. The use of a boost field to the
primary tumor bed and immediately adjacent lymph nodes were
given in some patients.Total doses of 4 000cGy to 4 600 cGy
(mean 4 150 cGy) were delivered in 4 to 5 weeks in RCS group.
Total doses of 4 000cGy to 5 000cGy (mean 4 260 cGy) were
delivered in 4 to 5 weeks in RS group. In RCS group,
chemotherapy was given concomitantly and consisted of two
courses of 5-FU at a dose of 500 mg/m2/day plus leucovorin at
a dose of 300 mg by intravenous injection for 3 days in week
1 and week 4, 5’-DFuR was administered orally at a dose of
200 mg three times daily concomitantly during radiotherapy
between interval of the two courses of intravenous
chemotherapy. All patients in two groups underwent
subsequent surgery 4 to 5 weeks after the preoperative
treatment. 4 to 6 courses adjuvant chemotherapy (5-FU based)
were given after surgery in two groups.
Evaluation of patients
Assessments of tumor dimensions and involved sites were
performed before the start of treatment and were scheduled
after week 4. Tumor dimensions were assessed by use of
computed tomography scans, x-rays, magnetic resonance
imaging. Tumor response classification was based on standard
World Health Organization criteria. Disappearance of all
known disease at all involved sites was considered a complete
response (CR). Partial reponse (PR) was defined as residual
disease with a decrease=50 % in sum of the products greatest
perpendicular diameters (SPD) of all indicator lesions.
Progressive disease (PD) was defined as the appearance of a
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new lesion or an increase of 25 % in the SPD. Stable disease
(SD) was defined as no change in SPD or a change not reaching
to PR or PD. Total response rate was defined as CR plus PR.
Surgical treatment results were summerized (the radical
resectability rate, sphincter preservation rate and complication).
Patients were followed up every 3 months after the end of
treatment with progression and survival of the disease recorded.
The duration of follow-up ranged from 36-61 months (mean
43). Disease progression and survival time were analyzed
according to Kaplan-Meier estimates and compared using the
log-rank test. A one-sided chi-square test was used at an alpha
level of 2.5 % to compare response data in two patient groups.
The data of toxicity were scored retrospectively according to
the World Health Organization (WHO) toxicity evaluation.

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

RCS group

RS group

P

Radical resectability rate

73.3%

37.0%

0.024

Sphincter preservation rate
Lower rectal cancer sphincter
preservation rate

26.6%
27.3%

3.7%
0.0%

0.028
0.014

Response rate

46.7%

18.5%

0.053

Tumor downstage rate

53.3%

33.3%

0.206

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

RCS group

RS group

P
0.485

3-year overall survival rate

66.7%

55.6%

3-year disease free survival rate

40.1%

33.2%

0.663

3-year local recurrent rate

26.7%

48.1%

0.174

Toxicity
Patients were scored according to the WHO grading. A detailed
description of acute toxicities was given in Table 4. The most
relevant toxic reactions included rectal tenesmus, diarrhea and
perianal area skin reaction. No toxic death was observed in
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this study. No patient interrupted the radiochemotherapy and
delayed the operation because of these acute toxicities. Total
incidence of grade 3/4 toxicity were 73.3 % in RCS group,
44.4 % in RS group (P=0.071) respectively. No severe late
toxicity was found in the two groups.
Table 4 WHO modified scale for acute toxicity
Site

Grading (RCS group)

Grading (RS group)

0

1

2

3

4

0

1

2

3

4

8

2

4

1

0

19

3

5

0

0

4

3

7

3

0

6

9

10

2

0

Hematologic:
Neutropenia
Non-hematologic:
Small bowl
Bladder

6

4

5

0

0

10

11

6

0

0

Skin

0

2

6

7

0

0

10

8

9

0

DISCUSSION
Preoperative radiotherapy (RT) (45 Gy) with continuous
infusion of 5-FU for 5 days per week with or without CDDP
were used by the M.D. Anderson group[15] in locally advanced
tethered and fixed primary rectal cancer to downstage the
tumors. It was concluded that preoperative radiochemotherapy
decreased the local recurrence rate as compared to preoperative
radiotherapy only, with no increase of surgical morbidity and
late morbidity after a follow-up of 3 years. In this study, the
acute toxicities of grade 3 in RCS group were more pronounced
than that in RS group but without statistical differences and no
patient had interrupted the radiochemotherapy and delayed the
operation because of these acute toxicities. University of
Uppsala study [16] proved that the volume of bowel under
radiation, rather than the energy of the radiation influence
postoperative mortality, and emphasize the importance of precise
radiotherapy planning to minimize normal tissue toxic reactions.
Continuous infusion of 5-FU led to significantly higher
response rates than bolus 5-FU, and a meta-analysis identified
a statistically significant increase in overall survival [17].
However, this improvement was the only report, and other
trials had failed to repeat the significant survival benefit.
Continuous infusion 5-FU is not routinely practised, partly
because of its inconvenience and cost and partly due to central
venous access that might cause significant complications in
15 % to 20 % of patients[18], including infections, bleeding,
thrombosis, and pneumothorax. Each of these complications
has a negative impact on quality of life. Several of the new
chemotherapy drugs used in colorectal cancer also appear to
be radiosensitizers. Pilot and phase II trials incorporating
irinotecan and oxaliplatin[19] into 5-FU-plus-radiation program
are currently used, with encouraging results. Similarly, the oral
5-FU prodrugs[20,21] represent promising new agents to combine
with radiation. The oral route not only makes these drugs
convenient to the patient but also gives prolonged theraputic
serum levels, simulating continuous venous infusion, which
may be the preferable fluoropyrimidine schedule for
radiosensitization.
5-FU as a radiosensitizer was given by continuous infusion.
5’-DFuR kills cancer cell through PyNPase transformation.
The study by Watanabe et al[22] found that fifty three patients
with advanced colorectal cancer when given single oral doses
of 5’-DFuR, high 5-FU concentration and PyNPase activity
were noted in tumor tissue and lymph nodes. Effective 5-FU
concentration in tumor tissue was maintained even 24 hours
after treatment. Effective lymph node concentration of 5-FU
was maintained even 8 hours after treatment. PyNPase activity
in tumor tissue was significantly higher than that in the normal
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intestinal mucosa (P<0.05). In this study, pre-operative
radiochemotherapy was well tolerated. The relatively hight rate
of curative resections indicates that 5-FU and Oral 5’-DFuR
treatment as radiosensizers, maintaining highier concentrations
of 5-FU during RT, are safe and effective. The aim of giving
two courses of 5-FU intravenous injection was to relieve the
local symptoms of the patients with local advanced rectal cancer
and to improve systemic treatment efficacy. The appropriate
dosage of oral 5’-DFuR as radiosensitizer during RT should
be further studied.
Sphincter preservation rate and sphincter preservation rate
of lower rectal cancer in RCS group were significantly higher
than that of RS group. Therefore, this study at least demonstrates
that sphincter preservation operation did not decrease local
control and survival rates, although when local control and
survival rates were analyzed, the RCS group had no significant
advantage compared with RS group. But it is very important
to meet the request of sphincter preservation by the rectal cancer
patients and to improve their quality of life.
Local failure rates are high for locally irresectable primary
or recurrent colorectal cancer, even when chemoradiation
therapy is employed. A tumor-free surgical resection margins
are paramount to achieve cure[23-25]. In this study, the radical
resectability rate in the RCS group was significantly higher
than that in RS group, but without significant decrease local
relapse rate, and no significant improvement of survival rate.
Therefore, further study of this modality of treatment should
be continued[26-32].
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Abstract
AIM: To compare the racial differences of anatomical
distribution of colorectal cancer (CRC) and determine the
association of age, gender and time with anatomical
distribution between patients from America (white) and China
(oriental).
METHODS: Data was collected from 690 consecutive
patients in Cleveland Clinic Florida, U.S.A. and 870
consecutive patients in Nan Fang Hospital affiliated to the
First Military Medical University, China over the past 11
years from 1990 to 2000. All patients had colorectal
adenocarcinoma diagnosed by histology and underwent
surgery.
RESULTS: The anatomical subsite distribution of tumor,
age and gender were significantly different between
white and oriental patients. Lesions in the proximal colon
(P<0.001) were found in 36.3 % of white vs 26.0 % of
oriental patients and cancers located in the distal colon
and rectum in 63.7 % of white and 74 % of oriental patients
(P<0.001). There was a trend towards the redistribution
from distal colon and rectum to proximal colon in white
males over time, especially in older patients (>80 years).
No significant change of anatomical distribution occurred
in white women and Oriental patients. The mean age at
diagnosis was 69.0 years in white patients and 48.3 years
in Oriental patients (P<0.001).
CONCLUSION: This is the first study comparing the
anatomical distribution of colorectal cancers in whites and
Chinese patients. White Americans have a higher risk of
proximal CRC and this risk increased with time. The
proportion of white males with CRC also increased with time.
Chinese patients were more likely to have distal CRC and
developed the disease at a significantly earlier age than
white patients. These findings have enhanced our
understanding of the disease process of colorectal cancer in
these two races.
Qing SH, Rao KY, Jiang HY, Wexner SD. Racial differences in
the anatomical distribution of colorectal cancer: a study of
differences between American and Chinese patients. World J
Gastroenterol 2003; 9(4): 721-725
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers
in the world and the second leading cause of cancer death in
the United States[1, 2]. It is estimated that 552 000 Americans
died of cancer in the year 2000; about 55 000 of these cancer
deaths were attributed to CRC. In recent years, the incidence
of CRC has increased rapidly in China making it the fourth
leading cause of cancer mortality in China[3]. In general,
majority of these cancers are distally located. During the last
two decades many investigators have noted that the incidence
rate of CRC vary widely by race and gender and the location
also has changed with time [4-15] , with a trend towards
redistribution of primary CRC from left to right[16, 17]. Proximal
cancers have a tendency to present at a more advanced stage
and are associated with a poor prognosis. Increasing age, female
gender, black, non-Hispanic race and the presence of comorbid
illnesses were factors associated with a greater likelihood of
developing colorectal cancer in a proximal location. Black
patients with colon cancer are more likely to have a poorer
survival than white patients[13, 18-21]. However, it is not clear
whether there are any differences in anatomical distribution
of primary colorectal cancer between American (white) and
Chinese (oriental) patients.
We hypothesized that there are significant differences of
anatomical distribution of primary colorectal cancers between
the white (American) and oriental (Chinese) patients. The
purpose of this study is to compare the differences in anatomical
distribution of colorectal cancers and to describe any
association of age, gender and time with primary CRC in white
and oriental patients.
MATERIALS AND METHODS
A retrospective study was undertaken. Data was collected from
690 consecutive white patients in Cleveland Clinic Florida U.
S.A. and 870 consecutive Chinese patients in Nan Fang
Hospital affiliated to the First Military Medical University in
southern China over the past 11 years from 1990 to 2000. All
the patients with CRC were diagnosed by histology and
underwent surgery. Anatomical location of primary colorectal
adenocarcinoma, race, age at diagnosis, gender and year of
diagnosis were noted. Descriptive data on the type of treatment,
patterns of recurrence and metastasis, survival, and the
coexistence of disease were not the focus of our analysis. The
Z-test and Fisher’s Exact Test were performed to detect
statistically significant differences in anatomical site
distribution, age and gender over time between the white and
oriental groups. In this study “proximal colon” includes the
cecum, ascending colon, hepatic flexure, transverse colon and
splenic flexure; “distal colon” includes the descending colon,
sigmoid colon and rectum[22]
RESULTS
664 Consecutive white patients in Cleveland Clinic Florida
and 816 consecutive oriental patients in Nan Fang Hospital in
China had documented histological diagnosis of colorectal
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counterparts. Ascending and descending colon cancers were
also significantly more common in white men (P<0.05) but
not in women (P>0.05). Rectal cancers were significantly more
common in oriental men (P<0.001) and women (P<0.001).
Oriental patients also had significantly more hepatic flexure
cancers among men (P<0.001) and women (P<0.001). There
was no significant difference in the rates of transverse colon,
splenic flexure or sigmoid colon cancers.
There was a significant gender difference beteen the races
(Table 3). The male: female ratio was slightly higher in whites
(1.49:1) as compared with oriental patients (1.22:1). The
gender ratio (m:f) in whites was 1.43:1 for proximal tumors
and 1.52:1 for distal tumors; in oriental patients the ratio was
1.06:1 for proximal tumors and 1.29:1 for distal tumors.

adenocarcinomas (Table 1). Patients with a diagnosis of
adenocarcinoma only were included in this study.
Table 1 Histological diagnosis of patients with colorectal cancer
No of patients ( %)
White
Adenocarcinoma
Nonadenocarcinoma
Total

Oriental

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

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

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

Gender
Analysis by gender conforms to the overall racial differences.
The proportions of cecal tumors was higher in the white men
(P<0.001) and women (P<0.001) compared with their Oriental
Table 2 Anatomic subsite distribution of colorectal cancer by race
Men
White

Cecum
Ascending
Hepatic flexure
Transverse
Splenic flexure
Descending
Sigmoid
Rectum
Proximal
Distal
Total
a

Women
Oriental

Total

White

Oriental

n

%

n

%

n

%

n

%

57
45
5
27
8
20
63
172
142
255
397

8.6
6.8
0.8
4.1
1.2
3.0
9.5
25.9
21.4
38.4
59.8

14
31
27
20
17
9
82
249
109
340
449

1.7c
3.8a
3.3c
2.5
2.1
1.1a
10.0
30.5c
13.6c
41.7c
55.0

50
32
2
13
2
11
54
103
99
168
267

7.5
4.8
0.3
1.9
0.3
1.7
8.1
15.5
14.9
25.3
44.2

16
29
26
25
7
7
64
193
103
264
367

2.0c
3.6
3.2c
3.0
0.8
0.9
7.9
23.7c
12.6a
32.3a
45.0

White

Oriental

n

%

n

%

107
77
7
40
10
31
117
275
241
423
664

16.1
11.6
1.1
6.0
1.5
4.7
17.6
41.4
36.3
63.7
100.0

30
60
53
45
24
16
146
442
212
604
816

3.7c
7.4b
6.5c
5.5
2.9
2.0b
17.9
54.2c
26.0c
74.0c
100.0

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

Table 3 Anatomic subsite distribution of colorectal cancer by race and time
Proximal
Time
1990-1995
1996-2000
Total

a

Distal

Man

Woman

Ratio

Man

White

51

43

1.19

Yellow

55

49

1.12

White

91

56

1.63

Yellow

54c

54a

1.00

White

142

99

Yellow

109c

103a

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

Total

Woman

Ratio

Man

Woman

Ratio

106

72

1.47

157

115

1.37

163b

128a

1.27

218b

177

1.23

149

96

1.55

240

152

1.58

177

136

1.30

231b

190

1.22

1.43

255

168

1.52

397

267

1.49

1.06

340c

264a

1.29

449

367

1.22
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between various age groups: 0-29 years vs 30-59 years as well
as 30-59 years vs. 60 years and older (P<0.001). In oriental
patients, the curve for incidence of proximal lesions was
relatively flat. Young patients between 0-29 years had the
lowest rate which was significantly lower than patients above
30 years (P<0.001). The curves for proximal cancers in White
and Oriental patients diverge at the extremes of age and there
were significant differences between the two races at 0-29 years
as well as above 70 years (P<0.01). In White patients, there
was a marked increase in the rates of proximal tumors whereas
the frequency of distal tumors decreased with age. This trend
was not observed in Oriental patients (Figure 2).
45

White
Oriental

40
35
% 30
25
20
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over time (P>0.05); in whom the proportion of cancers on the
proximal side remained significantly higher. In addition, the
proportion of proximal tumors remained significantly lower
in white than in oriental patients.
45
40
35
30
25
20
15
10
5
0

White men
White women
Oriental men
Oriental women

90-95 96-2 000

90-95 96-2 000

Proximal

Distal

Figure 3 Gender and time based distribution of colorectal
adenocarcinomas. The Y-axis shows percentage of tumors.
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Figure 1 Age related incidence of colorectal cancers in two races.
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Figure 2 Age-related distribution of cancers.

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

DISCUSSION
An important aspect of colorectal cancer is its anatomical site
of origin, the majority of these cancers being diagnosed in the
distal colon and rectum. Epidemiological characteristics of
colorectal cancer differ by anatomical subsite, which suggests
that other underlying subsite-specific differences may be
present. There is evidence of a steady migration of colorectal
cancer from distal to more proximal sites [17], although a
decrease in proximal cancerswas reported[22]. This is the first
study comparing the anatomical distribution of colorectal
cancers in these two large racial groups - American and
Chinese. The study demonstrates that the most frequent
anatomical subsite of origin of primary colorectal
adenocarcinomas is the same - the rectum and sigmoid colon,
in American and Chinese patients. The proportion of cancers
located in the cecum and ascending colon in whites are
significantly higher than those in the oriental patients; the latter
did have significantly more tumors in the rectum. The
proportion of cancers located in the transverse and sigmoid
colon was similar in the two groups. Overall, the frequency of
lesions in the proximal colon of white patients (36.3 %) was
markedly higher than that of oriental patients (26.0 %).
Likewise, the proportion of tumors located in the distal colon
of oriental patients (74 %) was significantly higher than that
of whites (63.7 %). CRC is considerd a disease of western
developed countries, which has an approximately 10 times
greater incidence than developing countries of Africa[23]. In
general, the developed countries have a predominance of leftsided cancers, whereas low-risk communities have a higher
proportion of right-sided cancers[24]. Compared with America,
China is a low risk community. The reasons for the significantly
higher incidence of right-sided CRC in white patients are still
not clear.
Many hypotheses have been developed based on histological
differences between the left and right colon, differences in their
functions, sex hormones, diet, and genetics. Proximal and distal
sections of the colon also have different embryologic origins
and morphology. The proximal colon is primarily involved
with water absorption and solidification of fecal contents for
storage. It is likely that there are differences in sensitivity and
exposure to carcinogens for the proximal and distal sections
of colon. There might even be differences in the etiologic agent
between right-sided and left sided colorectal cancers; a study
showed that different carcinogens produced cancers in different
parts of the large bowel in experimental animals[20].
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No specific carcinogen has been found to cause CRC in
humans, but the differences in the epidemiological patterns of
CRC among various populations suggest the role of an
environmental or dietary etiologic agent [25]. The higher
consumption of refined carbohydrates and fat and less dietary
fiber may contribute to the increased incidence of colorectal
cancers in the western countries[16, 26]. Increased dietary fat
resulted in increased bile acids in the intestine, a possible
mechanism for carcinogenesis[27]. High concentrations of fecal
bile acids have been observed in people who eat a high fat
diet. Bile acids in turn caused colonic bacteria to produce
increased amounts of secondary bile acids and other metabolic
by products, compounds that may be associated with the high
risk of large bowel cancer[9, 28-30].
Dietary fiber may play an important protective role against
colorectal cancer by diluting the fecal concentration of
mutagens and bile acids, and by altering the colonic luminal
environment[31]. Even the type of dietary fiber may be important
in reducing the fecal mutagenic activity[31]. It is said that, it is
imperative to point out that the evidence linking fiber and
colorectal cancer is not conclusive. Dietary fiber probably
protects against carcinogenesis, if it is present in the diet from
an early age[32].
Another possible factor increasing the risk of rectal cancer
is consumption of large amounts of alcoholic beverages,
particularly beer. For example, alcohol has been shown to
increase the relative risk for colon cancer by 1.71 when
prospective study is made in black and white patients. In
contrast, increased amount of vitamin C intake may be
protective against rectal cancer[22, 24, 33-34].
We have observed a trend toward a redistribution of CRC
from distal to proximal in white men, especially in the older
men, a finding that is similar to others in the literature which
showed a trend towards the redistribution of primary CRC from
left to right with increasing time[35]. We found no significant
change in the anatomical distribution of colorectal cancer in
white women and oriental patients, the distribution remaining
fairly stable in these two groups.
In recent years, the male: female ratio for CRC rose in many
published reports[4, 36]. This study showed that overall rates of
colorectal cancers were higher among men than women in both
races, but the proportion of white men was greater than that of
oriental men, especially for proximal cancers. Between the
periods 1990-95 and 1996-2000, we found the male-female
ratio in whites rose from 1.19:1 to 1.68:1 for proximal colon
cancers and 1.47:1 to 1.55:1 for distal colon cancers; over the
same periods, in Oriental patients, the male-female ratio
declined from 1.12:1 to 1:1 for proximal and rose from 1.27:1 to
1.30:1 for distal cancers (Table 3). There was no significant change
in the oriental race, a finding in agreement with others[9].
This gender-based disparity is largely unexplained. Recently
it has been suggested that hormone replacement therapy may
decrease the incidence of colorectal cancer in females. Female
sex hormones are known to affect cholesterol metabolism
which in turn affects bile acid production, a pathway linked to
the development of colorectal cancer. Differences in bile acid
metabolism between the proximal and distal colon may
contribute to the gender-based disparity in colorectal cancer
risk[24].
Age at diagnosis was significantly different between the
races. The mean age was 69.8 years in whites and 48.3 years
in oriental patients; oriental patients being diagnosed about
twenty-one years earlier. The whites presented most commonly
between 70-79 years, but the oriental patients had the highest
rate of presentation between 50-59 years. The greater
proportion of proximal tumors with increasing age in older
white patients has also been noted by others[15,37-40]. This trend
was not observed in oriental patients. There was a higher
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incidence of CRC in younger oriental patients of both sexes,
the reasons for which are unknown.
The explanation for differences among racial or ethnic
groups may lie in host, environmental, or behavioral factors
that act alone or in combination. Heredity plays only a small
role. As for colorectal adenocarcinoma, patients in China share
the epidemiological characteristics of developing countries. It
seems that behavioral factors, such as the dietary habits of
Americans and Chinese are more likely to contribute to the
difference.
We found that white Americans have a higher risk of
proximal CRC and this risk increased with time. The proportion
of white males with CRC also increased with time. Chinese
patients were more likely to have distal CRC and developed
the disease at a significantly earlier age than white patients.
As colorectal cancer is one of the most common cancers in the
world, it is important to conduct further study to explain subsite
differences between the races and sexes. Evaluation of such
differences will improve our understanding of colorectal
carcinogenesis and may help formulate preventive strategies
and perhaps guide research on therapy.
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Abstract
AIM: A single-chain antibody fragment, ND-1scFv, against
human colorectal carcinoma was constructed and expressed
in E.coli, and its biodistribution and pharmacokinetic
properties were studied in mice bearing tumor.
METHODS: VH and VL genes were amplified from hybridoma
cell IC-2, secreting monoclonal antibody ND-1, by RT-PCR,
and connected by linker (Gly4Ser)3 to form scFv gene, which
was cloned into expression vector pET 28a(+) and finally
expressed in E.coli. The expressed product ND-1scFv was
purified by metal affinity chromatography using Ni-NTA, its
purity and biological activity were determined using SDSPAGE and ELISA. ND-1scFv was labeled with 99mTc, and then
injected into mice bearing colorectal carcinoma xenograft
for phamacokinetic study in vivo.
RESULTS: SDS-PAGE analysis showed that the relative
molecular weight of recombinant protein was 30kDa with
purity of 94 %. ELIAS assay revealed that ND-1scFv retained
the immunoactivity of parent mAb, being capable of binding
specifically to human colorectal carcinoma cell line expressing
associated antigen. Radiolabeled ND-1scFv exhibited rapid
tumor targeting, with specific distribution in mice bearing
colorectal carcinoma xenograft observed as early as 1 h
following injection. In vivo pharmacokinetic studies also
demonstrated that ND-1scFv had very rapid plasma clearance
(T1/2α of 5.7 min, T1/2β of 2.6 h).
CONCLUSION: ND-1scFv shows significant immunoactivity,
and better pharmacokinetic and biodistribution characteristics
compared with intact mAbs, demonstrating the possibility
as a carrier for tumor-imaging.
Fang J, Jin HB, Song JD. Construction, expression and tumor
targeting of a single-chain Fv against human colorectal
carcinoma. World J Gastroenterol 2003; 9(4): 726-730
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INTRODUCTION
Colorectal carcinoma is one of the common malignant tumors
with relatively high incidence, occupying the fourth rate of
mortality in China. Therefore, efficient diagnosis and

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

MATERIALS AND METHODS
Materials
IC-2 is murine hybridoma cell that secrets monoclonal antibody
ND-1against human colorectal carcinoma. Both IC-2 and HeLa
human cervical carcinoma cell line were from our group.
pET28a(+) expression vector and E. coli BL21 were kindly
provided by Dr. YH. Chen. CCL-187 human colorectal
carcinoma cell line was kindly provided by Tumor Research
Institution of Medical College of Harvard University. pMD18T vector, E.coli JM109 component cell, DNA polymerase,
restriction enzyme, and DNA recovery kit were purchased from
TarkaRa Biotechnology (Dalian, China). mRNA purification
kit and T4 DNA ligase were bought from Pharmacia Biotech.
Anti-His6 tag antibody was from Invitrogen. Ni-NTA resin
was provided by Qaigen company. MDP and 99mTc were kindly
provided by Department of Nuclear Medicine at China Medical
University. Heavy chain primer 1 and 2, light chain primer
mix, linker primer mix, and RS primer mix was purchased
from Pharmacia Biotech.
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Genetic construction of ND-1scFv
ND-1scFv gene was constructed as previously described.
Briefly, mRNA was extracted from 5×106 hybridoma cells IC2 and cDNA was synthesized by reverse transcription using
random primer. VH and VL gene were separately amplified from
the cDNA by PCR using heavy chain primer and light primer
mix. The VH and VL gene fragments were recovered and mixed
in equimolar ratios for two PCR reactions, the first one using
linker primer mix for 7 cycles, followed by the second one
using RS primer mix for 30 cycles. As a result, VH and VL
gene fragments were connected to form scFv gene by extension
overlap splicing PCR, and then, obtained ND-1 scFv gene was
cloned into pMD18-T, and transformed into E. coli JM109,
positive clones were identified by colony PCR and DNA
sequencing.
Oligonucleotide primers S1 and S2 were designed to add
EcoRI site at the 5’ end of ND-1scFv, and Hind III site,
SalIsite at the 3’end. S1: 5’ACTGAATTCATGGCCCAGGT
GCAGCTGCAGC 3’, S2: 5’ CGCAAGCTTCTAGTCGAC
TTTCCAGCTTGGTC 3’. pMD18-T-ND-1scFv was used as
template for a PCR by primer S1 and S2, and the product was
cloned into the vector pET28a(+) after digestion with EcoRI
and HindIII, and then transformed into competent E.coli
BL21cells for protein expression.
DNA sequencing
ND-1scFv genes cloned into pMD18T and pET28a(+) were
sequenced by the dideoxy chain termination method with M13
primer, T7 promoter primer and T7 terminator primer.
Expression and purification of ND-1scFv
E.coli BL21 cells containing pET28a(+)-ND-1scFv plasmid
were grown in 100 ml LB broth with 50 µg/ml kanamycin at
37 , when O.D600 of the culture attained about 0.6, IPTG
was added in a final concentration of 1 mmol, and cells were
shaken at 37 , after 3.5 h, the culture was centrifuged at
5 000 rpm for 10 min, the cell pellet was treated with lyses
solution. After sonication and centrifugation, inclusion body
containing scFv protein was solubilized and denatured in the
presence of 6 mol/L Guanidine hydrochloride. Affinity
chromatography on Ni-NTA resin was performed to purify
scFv, the column was eluted with 8 mol /L urea at pH8.0,
pH6.5 and pH4.2, and the component of pH4.2, containing scFv,
was collected, following renaturing by dialysis. Purity and
concentration of protein were determined with Bradford assay.
ELISA assay for activity of ND-1scFv
CCL-187 cells and HeLa cells (5×104) were grown in 96- well
for 24 h, then fixed with 2.5 %
microtiter plates at 37
glutaradehyde and blocked with 1 % BSA, followed by
incubation with ND-1IgG or ND-1scFv at 37 for 2 h; after
washing 3 times with PBS, anti-His6 antibody was added into
wells with ND-1scFv and incubated as above, the plate was
washed and HRP-labeled goat anti-mouse IgG was added into
both ND-IgG and ND-1scFv wells, incubating at 37
for 2
h, substrate TMB was added, incubated in darkness for 30 min,
the reaction was terminated with1N H2SO4; PBS was used as a
negative control.
Tumor model
Human colorectal carcinoma cells (1×106 ) were injected s.c.
into the back of athymic mice (nu/nu)(4-6 weeks old). When a
tumor developed at 0.5-1.5 cm in diameter, biodistribution and
pharmacokinetics were studied.
Biodistribution and pharmacokinetics studies
ND-1scFv and ND-1IgG were labeled with 99mTc using MDP.
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Excess β-mercaptoethanol was added to the solution containing
ND-1scFv and ND-1IgG, reduced product (1 mg) was mixed
with 40 µl MDP (2.5 mg/ml) and 370MBq 99mTc. Biodistribution
study was performed using tumor-bearing mice injected i.p.
with 0.2 ml 99mTc-ND-1scFv, the mice were killed at different
periods. Blood, tumor and all the main organs were collected
and weighed. The radioactivity was counted in a gamma
scintillation counter. The T/NT value for each organ was
calculated.
Pharmacokinetic study was performed by the tumor- bearing
mice injected via the tail vein with 0.1 ml 99mTc-ND-1scFv
and 99mTc-ND-1 IgG. Blood samples were obtained via tail
bleeds at 0, 5, 10, 15, 30, 60, 120, 180 min and 24 h after
injection, the radioactivity was counted in a gamma scintillation
counter, and pharmacokinetic parameters were calculated.

RESULTS
Clone of ND-1scFv gene
VH and VL gene were amplified from hybridoma cell IC-2 that
secreted monoclonal antibody against human colorectal
carcinoma, and then were connected by a linker (Gly3Ser)4
using extension overlap splicing PCR to construct scFv gene,
which had EcoRI site at 5’ end and HindIII site at 3’ end. scFv
gene was cloned into the vector pET28a(+) and expressed in
E.coli BL21. Restriction enzyme digestion analysis showed
scFv gene had been accurately inserted into vector pET28a
(+). Sequence analysis revealed that scFv gene consisted of
732bp, encoding 243 amino acids. Of which, 354bp for heavy
chain gene, was located upstream of scFv gene, and 330bp for
the light chain gene, was located downstream. They were
connected by a 45bp linker sequence. The deduced protein
sequence of ND-1scFv was showed in Figure 1.
MAQVQLQQSGPGLVAPSQSL
S I T CT V S G F S L T T D V H W V R Q P
PRKGLEWLGLVWANGRTNCT
SALMSRISITRDTSKNQVFLT
MNSLQTDDTAMYYCARGSY
GAVDFWGQGTTVTVSSGGGG
SGGGGSGGGGSDIELTQSPA
linker
S LA V S L G Q R A T I S Y R A S K S V S
TSGYSYMHWNQQKPGQPPRL
LIYLVSNLESGVPARFSGSGS
G T D F TL N I H P V E E E DA A T Y Y C
QHIRELTRSEGGPSWK
Figure 1 Amino acid sequences of ND-1scFv deduced from
nucleotide sequences.

Expression and purification of ND-1scFv
Plasmid ND-1scFv-pET28a(+) was transformed into E.coli
BL21, the protein was expressed with induction of IPTG. SDSPAGE analysis showed that the lysates of BL21 cell expressing
scFv protein exhibited a new protein band with molecular
weight at 30kDa (Figure 2). Because a sequence encoding a
short peptide His-tag exists at the upstream of multi-clone site
(MCS) of vector pET28a(+), ND-1scFv was expressed as a
recombinant fusion protein with His tag, consisting of 26kDa
for scFv and 4kDa for His-tag and its upstream sequence, which
was consistent with the theoretically predicted value. SDSPAGE analysis also showed that no new protein component
was found in the supernatant of cell lysate of E.coli
BL21induced by IPTG, which indicated scFv protein was
expressed in the form of inclusion body. Inclusion body protein
was purified by metal affinity chromatography using Ni-NTA
resin which could bind to the His-tag protein marker located
on the N terminal end of scFv specifically, purity of purified
scFv was 94 % purity.
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from the plasma, 80 % of the scFv was cleared out of the plasma
pool at 15 min following injection, T1/2α phase for the scFv
was 5.7 min, T1/2β phase was 2.6 h, while T1/2α and T1/2β for
the ND-1 were 60 min and 18 h, respectively.
Table 3 Pharmacokinetic parameter of 99mTc-labeled ND-1scFv
in mice-bearing tumor

43
30
20.1
14.4

Figure 2 Expressed ND-1scFv. M: Protein marker; 1: Expression of pET28a(+)-ND-1scFv without induction; 2: Expression
of pET28a(+)-ND-1scFv with induction of IPTG; 3: purified ND1scFv protein.

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

OD450nm (x±s)
CCL-187

HeLa

1.92±0.28
0.87±0.17
0.14±0.03

0.20±0.06
0.19±0.03
0.13±0.01

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

3h

Blood

2.61±0.97

2.16±1.05

Liver

1.20±0.40

1.75±1.10

Spleen

2.72±0.10

1.23±0.65

Kidney

0.07±0.05

0.26±0.01

Heart

1.75±0.51

1.90±0.60

Lung

0.83±0.31

0.62±0.16

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

Alpha half-life (min)
Beta half-life (h)

ND-1IgG

ND-1scFv

5.7
2.6

60
18

DISCUSSION
The critical issue in application of mAbs is its high specificity
and good in vivo biological features. In this study, single chain
Fv ND-1scFv against human colorectal carcinoma was
constructed by fusing gene of variable region of heavy chain
with gene of variable region of light chain, and the ND-1scFv
protein was functionally expressed in E.coli. ELISA analysis
showed that ND-1scFv had an immunoactivity similar to the
parent ND-1 mAbs, and binded specifically to the CCL-187
human colorectal carcinoma cell that expressed associated
antigen LEA. This suggests that ND-1 mAb with only a Fv
segment still retained its immunoactivity of binding to
corresponding antigens, which is consistent to the previous
reports. In addition, ND-1scFv also exhibited excellent specific
distribution and pharmacokinetic characteristic in tumorbearing mice.
A linker sequence was required to connect VH and VL for
the construction of scFv, the linker widely used at present was
a 15-amino acid sequence consisting of repetition of four Gly
and one Ser (GGGGS) [12-15]. In this study, the (Gly 4Ser) 3
sequence was used, and the fusion molecule was constructed
in VH-linker-VL order, the expressed ND-1scFv protein retained
favorable stability during the renaturing and dialyzing, and
retained biological activity similar to the parent antibody. In
addition, a SalI site was provided at scFv 3’ end except for
adding a HindIII site for ligasing the vector. In another
experiment, we have already constructed a fusion protein of
ND-1scFv and yeast cytosine deaminase using the same
restriction site.
E.coli gene expression system is known as the earliest
developed and most widely applied system for gene
engineering. Although expressed proteins are usually lack of
the effective modification such as glycosylation, there are some
evidences suggesting that a variety of antibody fragments
expressed in E.coli were able to fold and assemble correctly
into bioactive products without the processing[16-20], which was
also confirmed in own studies. pET vector which belongs to
the T7 expression system propagating in E.coli was used to
express of ND-1scFv. This vector contains T7 promoter, which
can achieve high level controlled gene transcription in the
presence of T7 RNA polymerase[19, 21-24]. ND-1scFv protein was
intensively expressed to 17 % of the total bacterial protein. In
addition, a 6×His tag sequence exists at the upstream of clone
site in the pET vector, which was expressed in the form of
fusion protein with the downstream scFv. Since it did not
influence the bioactivity of expressed products, no enzyme
hydrolysis process was required to remove it from the final
products. This simplified the whole expression procedure. It
was even more worth noticing that this sequence could be used
as a protein marker for the determination and purification of
expressed proteins[25-27]. ND-1scFv protein was purified by
metal affinity chromatography using Ni-NTA resin which can
bind to His tag specifically located on -NH3 of scFv. SDSPAGE analysis showed that the purity of ND-1scFv was as
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high as 94 %, and the concentration was 1.5 mg/ml,
demonstrating its potential usefulness in clinical application.
After being reconstructed into small molecules, the
molecular weight of mAbs usually reduced to as 1/3 or 1/6 of
intact mAbs, which significantly increased their penetrability
to tumor tissue. Related experimental observation revealed that
intact mAbs mainly concentrated nearby the blood vessel, while
scFv seemed to be distributed uniformly within the tumor tissue
and performing targeting function with high efficiency[28,29].
Furthermore, scFv exhibited two- phase pharmacokinetic
characteristic in vivo, its T1/2α (equilibrium phase) is much
shorter than that of intact mAbs, implying that the in vivo
equilibrated distribution of scFv may be reached rapidly, and
its penetration into the interior of solid tumor could be achieved
in a short time. In our experiment, 99mTc labeled ND-1scFv
accumulated in tumor tissue in high concentration rapidly only
1 h after being injected into mice bearing xenograft. The
radioactivity was significantly higher than that in most of
normal tissues, while intact ND-1 required 20-24 h to obtain
similar accumulation. Plasma pharmacokinetic studies in mice
bearing tumor also showed a rapid plasma clearance of ND1scFv superior to intact ND-1. Strong penetrability, rapid
localization and elimination are the main biological behavior
of scFv in vivo, making it an ideal localizing diagnostic agent
for clinical applications. These were further validated by the
immunoimaging experiments in mice bearing tumor using a
various of scFvs against different tumor antigen[30-32]. Hitherto,
the superiority of ND-1 developed by our group over the
commercial product, mAb vs CEA, both in specificity and
affinity, has been demonstrated in a number in vivo and in
vitro experiments. Thus ND-1scFv, constructed from VH and
VL of ND-1, may provide a new approach for clinical diagnosis
and treatment of human colorectal carcinoma.
In this study, we observed that labeled scFv simultaneously
accumulated intensively in kidney and in tumors of mice
bearing xenograft, which also has been reported by other
researchers [30]. On one hand, relative small size of scFv
promotes its rapid uptake by kidney, so that the accumulation
in kidney occurs shortly after injection, on the other hand, the
half life of 99mTc is shorter, which, although beneficial for in
vivo fast imaging, also increases the uptake of labeled scFv
by kidney[28]. Recently, Goel et al[33,34] constructed divalent
[sc(Fv)2] and tetravalent {[sc(Fv)2]2} by covalent interaction,
which increased the valence of scFvs and improved their
affinity. Compared to the monovalent scFv, the divalent scFvs
showed approximately 20-fold higher affinities. Furthermore,
the molecular weight of multivalent scFvs was larger than scFv,
but still smaller than intact IgG, so the in vivo pharmacokinetic
behavior would be more promising[35-40]. Some researchers
suggested that this uptake also may be related to the IP of the
scFv, thus, there exists the possibility of directly modifying
the isoelectric point of the scFv by introducing mutation in
framework regions. A lower IP may reduce non-specific uptake
into tissues such as the kidney[31]. The ND-1scFv constructed
in this study retained the immunoactivity of parent mAbs and
the clinical application are demonstrated preliminarily in
radiolabling experiment with mice bearing tumor. With further
development, it may become a promising targeting carrier for
clinical diagnosis.
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Abstract
AIM: To determine whether one genotype (A or non-A
genotypes of HBV) predominated over the other during the
course of HBV infection.
METHODS: Four baboons were inoculated with HBV. DNA
was extracted from serum obtained at monthly intervals postinoculation for 52 weeks and HBV DNA was amplified using
primers specific for the core region containing an insert
characteristic of genotype A (nt 2 354-2 359, numbering
from the EcoRI site). The amplicons were cloned into PCRScriptTM and a minimum of 15 clones per time point were
sequenced in both directions.
RESULTS: Both genotypes persisted for the entire followup period of 52 weeks. Genotype non-A predominated in
two baboons and genotype A in one baboon. Neither
genotype predominated in the fourth baboon, as shown at
a 5 % level of testing.
CONCLUSION: No conclusions concerning the dominance
of either genotype or the natural progression or replication
rates of HBV could be drawn because the pattern of the
genotypes found may have been caused by sampling
fluctuations at the time of DNA extraction and cloning as a
result of the very low viral loads in the baboon sera.
Baptista M, Kramvis A, Jammeh S, Naicker J, Galpin JS, Kew
MC. Follow up of infection of chacma baboons with inoculum
containing a and non-a genotypes of hepatitis B virus. World J
Gastroenterol 2003; 9(4): 731-735
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INTRODUCTION
Xenografts from closely related non-human primates or pigs
have been suggested as one way to alleviate the chronic
shortage of donor organs for human liver transplantation.
Baboons (Papio species) which are phylogenetically close to
humans, have reasonably large livers, and are not endangered.
They have already been the source of xenografts for two
humans undergoing liver transplantation[1-3] (as well as for a
few patients receiving kidney or heart transplants[2, 4-6]). The
use of liver xenografts would, however, be precluded if they

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

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

PCR assay of HBV
HBV DNA levels were assessed with a quantitative PCR assay
(AmplicorTM HBV monitor test, Roche Diagnostics). Briefly,
50 µl of serum were prepared with pre-treatment with
polyethylene glycol, alkaline lysis of the pelleted viral particles,
and neutralization of the lysate. After adding a fixed amount
of internal standard and a PCR mix, 30 cycles of PCR
amplification were performed according to the manufacturer’s
instructions. Biotinylated amplicons were captured on
strepavidin-coated microwells and hybridized with specific
dinitrophenyl-labelled oligonucleotide probes. It was incubated
with alkaline phosphatase conjugated anti-DNP antibodies and
a colorimetric substrate, then a kinetic of O.D. determination
of HBV DNA levels was performed. The limit of detection of
this PCR assay was 400 copies of viral genome per ml, and
quantitation was linear up to 4×107 copies per ml[23,24].
DNA extraction
DNA was extracted from serum using the QIAamp blood kit
(Qiagen Inc., Hilden Germany), according to the manufacturer’s
instructions and as previously described[25]. Known positive
and negative sera, as well as best quality water were used as
controls for the extraction procedure.
PCR of HBV DNA
HBV DNA in the core region was amplified using primers
designed to amplify all the HBV genotypes (Table 1A and
1B). PCR was performed in 25 µL and 50 µL final reaction
volumes for the first and second rounds, respectively. The
reaction for the first round of the PCR consisted of 0.02 U/µL
DynazymeTM Taq DNA polymerase (version 2.0, Finnzymes
OY, Espoo, Finland), 200 µmol/L of each of the nucleotide
triphosphates, 1 µmol/L of each of the primers, 4 mmol/L
MgCl2 and 10 mmol/L Tris-HCl (pH 8.8 at 25 ), 50 mmol/L
KCl, and 0.1 % Triton® X-100. The reaction mixture for the
second round of the PCR was the same as for the first round
except that 1.5 mmol/L MgCl2 was used. A third round of PCR
was used on the serum from those time points that were
negative after 2 rounds of PCR. The reaction mixture was the
same as for the second round of PCR except that concentrations
of MgCl2 of 1.0 mmol/L, 1.5 mmol/L, and 1.5 mmol/L, were
used for the first, second, and third rounds of PCR, respectively.
All PCR assays were performed in a programmable thermal
cycler (Perkin Elmer, Norwalk, CT, USA) with the 3-step
cycling profile shown in Table 1B. Sera positive for HBsAg,
HBeAg, and HBV DNA detected by slot-blot hybridization
were used as positive controls and best quality water instead
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of DNA as negative controls. To avoid cross-contamination
and false-positive results, the precautions and procedures
recommended by Kwok and Higuchi[26] were strictly adhered
to DNA extraction, the various stages of PCR amplification,
and gel electrophoresis were performed in physically separate
venues.
Table 1A Oligonucleotide primers
Primer

Positiona

Sequence

1687(+) 1687-1706 5’CGA CCG ACC TTG AGG CAT AC 3’
Double- PCR1

2498(-)

round

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

PCR

PCR2

2436(-)

2498-2477 5’AAG CCC AGT AAA GTT TCC CAC C 3’
2436-2419 5’ TGA GAT CTT CTG CGA CGC 3’

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

PCR1

round
PCR

2498(-)

2498-2477 5’AAG CCC AGT AAA GTT TCC CAC C 3’

1795(+) 1795-1812 5’ TGG TCT GTC GAC CAG CAC 3’
PCR2

2436(-)

2436-2419 5’ TGA GAT CTT CTG CGA CGC 3’

2267(+) 2267-2284 5’ GGA GTG TGG ATT CGC ACT 3’
PCR3

2400(-)

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

Table 1B Polymerase chain reaction cycling profiles
Amplification conditions

Double-round

Sizeb

Denaturation

Annealing

Extension

PCR1

94oC 30 sec

62oC 40 sec

72oC 80 sec

812bp

PCR2

94oC 30 sec

57oC 50 sec

72oC 50 sec

170bp

PCR1

94oC 30 sec

62oC 40 sec

72oC 80 sec

812bp

PCR2

94oC 30 sec

48oC 60 sec

72oC 50 sec

642bp

PCR3

94oC 30 sec

50oC 60 sec

72oC 50 sec

134bp

PCR
Triple-round
PCR

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

Detection of amplified products
A 5 µl aliquot of the amplified PCR product was electrophoresed
in a 2 % agarose gel. Bands of the appropriate size (Table 1A
and 1B) were visualised under ultraviolet light after ethidium
bromide staining.
Cloning and nucleotide sequencing
Following the double or triple round PCR, amplicons were
cloned using PCR-Script (Stratagene, La Jolla, CA, USA).
Plasmid DNA was extracted using the QIAprep spin miniprep
kit (Qiagen Inc., Hilden, Germany) and restricted with Pvu II
to confirm the presence of the correct insert (Table 1A and
1B). Sequencing of positive clones was performed using the
T7 Sequenase Version 2.0 DNA sequencing kit (Amersham
Life Science Inc., Cleveland, OH, USA). Sequences were
analyzed in both forward and reverse directions with primers
T3 and T7 on 8 % glycerol-tolerant acrylamide gels and
autoradiographed. The number of clones of A and non-A
genotypes obtained at each time point was used as a measure
of the relative proportions of the two genotypes in the serum
at that time.
Statistical analysis
Fisher’s Exact test and the Chi-squared tests were used for
statistical analysis, where appropriate.
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Genotype non-A predominated in two baboons (baboon 2
and 13) and genotype A in one baboon (baboon 1); neither
genotype predominated in the fourth baboon (baboon 12), as
shown at a 5 % level of testing. In the three baboons in which
one or other genotype predominated, there was at least one
time-point at which the non-dominant genotype was present
in the highest concentration at a proportion significantly
different from zero.

Percentage (%)

RESULTS
HBV DNA was detected in the serum using either double or
triple round PCR in the four inoculated baboons at various
time points during the 52-week follow up period. For baboons
1 and 13 HBV DNA concentration was determined at various
time of post-inoculation using the Amplicor HBV MonitorTM
Test (Table 2). When serum was available for further analysis
and HBV DNA was successfully amplified, the amplicons were
cloned and sequenced. Genotype A was distinguished from
the other genotypes by the sequence 5’CGGGAC3’ (nt 2 354
-nt 2 359, numbering from the Eco R1 site) that is specific to
this genotype (Figure 1). Depletion of inoculum serum
prevented us from amplifying the S region and carrying out
restriction fragment length polymorphisms in order to assign
the non-A genotype to one of genotypes B to H. Although we
could not preclude the possibility that the non-A isolates were
comprised of more than one genotype, the most likely genotype
would be genotype D, the genotype besides A commonly found
in South Africa[14].
Genotype A
A T C

100
90
80
70
60
50
40
30
20
10
0

Genotype non A
G A T C
2 359

Figure 1 Sequence profiles of the core region (nucleotides 2 3402 368 numbering from the EcoRI site) showing the insertion of
5’CGGGAC3’ (nucleotide 2 354-2 359) found in genotype A and
its absence in genotypes non-A. Tracks G, A, T and C are labelled.

Percentage (%)

2 340

Table 2 HBV DNA levels measured by the amplicor HBV monitor test

5

6

7

8

Baboon 1

<400 <400 4 338 3 711 ns ns <400

Baboon 13

<400

ns

ns

ns

9

10

10

ns <400 <400

ns ns 2 6216 1 003 ns

ns

Notes: ns: no serum available.

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

Percentage (%)
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HBV DNA Levels (genomes/ml)
3

3

(17) (30) (52) (46) (26) (23) (21)
Baboon 2
Time (months)

2 354
2 351

2

A

Percentage (%)

2 354
2 351

2 340

Time of postinoculation (months)

Baboon 13
100
90
80
70
60
50
40
30
20
10
0
Ino 2

(21) (34) (18) (30) (13) (19) (22) (15) (24) (8)
Time (months)
Baboon 1

2 365
2 360
2 359

C
A
G
G
G
C
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2

4

(15)

7

(38)
(16)
Time (months)

10
(18)

D
Ino

4

10

(21)
(18)
Time (months)

11
(19)

Figure 2 The change of genotype of hepatitis B virus at various
time of post-infection which was represented as a percentage.
The number of clones sequenced at each time point was showed
in brackets. *ino: inoculum.
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DISCUSSION
Neither HBsAg nor antibody to HBsAg (anti-HBs) was
detected by conventional tests in the serum of the four
inoculated baboons at any time during the 52 weeks they were
monitored[9]. HBV DNA identical to either the A or non-A
HBV genotypes inoculated was, however, detected in each
baboon throughout the follow-up period, and the presence of
anti-HBc and Dane particles, small spherical particles and
tubular particles was demonstrated in the serum at 16 weeks[9].
The viral titers in the baboons were low (Table 2), as shown
by the need to use nested PCR amplification to detect HBV
DNA at all time points and three rounds of amplification at
some time-points. No biochemical evidence of liver injury was
evident at any stage and liver histology was normal at 52 weeks.
These findings together suggested that the animals had become
chronic asymptomatic carriers of the virus.
We had hoped that a clear pattern of different rates of
replication of the two genotypes would be evident. However,
no uniform pattern could be discerned in the relative
concentration of genotypes A and non-A during the 52 weeks
(Figure 2). Other explanations of a technical nature for the
varying concentrations of the genotypes were needed therefore
to be considered. One possibility was that the number of clones
sampled at each time-point was too small to accurately assess
the relative proportions of the genotypes in the serum at that
time. This explanation was not supported by statistical analysis
of the numbers of clones involved at each time point. A more
likely explanation was that the low copy number of the
genotypes resulted in sampling error at the time of HBV DNA
extraction and cloning. This explanation was particularly
apposite for the genotype pattern in baboon 13, in which
genotype A alone was found in a single sample, whereas at all
other time-points on either side of this sample, genotype nonA either predominated or was the sole genotype cloned (Figure
2A). It was also relevant that the conditions created in the study
were artificial on two counts: the approximately equal
concentrations of the two genotypes inoculated into the
baboons resulted from the pooling of three serum samples from
different patients, and we were assessing the effects of a human
virus injected into a non-human primate.
Jeantet and co-workers were able to clone and sequence
entire HBV genomes and found a number of mutations in the
surface, precore and other regions affecting expression of the
surface gene in both genotypes[18]. The A genotype was fully
replication competent, although, surprisingly, this was not true
of the predominant D genotype. Sequencing of the subgenomic
amplicons of HBV from our infected baboons did not reveal
any mutations in the core region of the HBV isolates. Full
genome analysis was impossible in our study because the study
was carried out retrospectively. Either the serum samples were
depleted or when serum was available full genome amplification
did not work, possibly because of the low viral load.
The very low concentrations of HBV in the serum of the
infected baboons (Table 2) and the resulting likelihood of
sampling error during viral DNA extraction and cloning
prevented us from drawing firm conclusions about the natural
progression over time of genotypes A and non-A replication
in baboons. The study did however show that both genotypes
persisted for the entire period of 52-week of follow-up.
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Abstract
AIM: To evaluate the level of sperm chromosome aberrations
in male patients with hepatitis B, and to directly detect
whether there are HBV DNA integrations in sperm
chromosomes of hepatitis B patients.
METHODS: Sperm chromosomes of 14 tested subjects (5
healthy controls, 9 patients with HBV infection, including 1
with acute hepatitis B, 2 with chronic active hepatitis B, 4
with chronic persistent hepatitis B, 2 chronic HBsAg carriers
with no clinical symptoms) were prepared using interspecific
in vitro fertilization between zona-free golden hamster ova
and human spermatozoa, and the frequencies of aberration
spermatozoa were compared between subjects of HBV
infection and controls. Fluorescence in situ hybridization
(FISH) to sperm chromosome spreads was carried out with
biotin-labeled full length HBV DNA probe to detect the specific
HBV DNA sequences in the sperm chromosomes.
RESULTS: The total frequency of sperm chromosome
aberrations in HBV infection group (14.8 %, 33/223) was
significantly higher than that in the control group (4.3 %,
5/116). Moreover, the sperm chromosomes in HBV infection
patients commonly presented stickiness, clumping, failure
to staining, etc, which would affect the analysis of sperm
chromosomes. Specific fluorescent signal spots for HBV DNA
were seen in sperm chromosomes of one patient with chronic
persistent hepatitis. In 9 (9/42) sperm chromosome
complements containing fluorescent signal spots, one
presented 5 obvious FISH spots, others presented 2 to 4
signals. There was significant difference of fluorescence
intensity among the signal spots. The distribution of signal
sites among chromosomes was random.
CONCLUSION: HBV infection can bring about mutagenic
effects on sperm chromosomes. Integrations of viral DNA
into sperm chromosomes which are multisites and

nonspecific, can further increase the instability of sperm
chromosomes. This study suggested that HBV infection can
create extensively hereditary effects by alteration genetic
constituent and/or induction chromosome aberrations, as
well as the possibility of vertical transmission of HBV via the
germ line to the next generation.
Huang JM, Huang TH, Qiu HY, Fang XW, Zhuang TG, Liu HX,
Wang YH, Deng LZ, Qiu JW. Effects of hepatitis B virus infection
on human sperm chromosomes. World J Gastroenterol 2003;
9(4): 736-740
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INTRODUCTION
Hepatitis B virus (HBV) infection is a serious public health
problem worldwide[1-3], especially in Far-East Asia such as
China. During HBV infection, HBV can be found in saliva,
vaginal secretions, semen and other tissues beyond the liver
and blood [4-6]. It is well established that HBV DNA could
integrate not only into the host hepatocytes but also into sperm
cells[7-19]. Extensive studies have confirmed that HBV DNA
integrated into the hepatocytes will increase chromosome
in st ab ilit y an d c au se g e n etic r eco m b i n atio n an d
hepatocarcinogenesis[7-17]. In this study, in order to clarify the
inheritable influence of HBV on sperm chromosomes, we used
interspecific in vitro fertilization with zona-free hamster eggs
to prepare sperm chromosomes and compared the aberration
frequencies of sperm chromosomes between patients with
hepatitis B and the controls. In addition, FISH technique with
HBV DNA as a probe was used to detect HBV sequences in
sperm chromosomes and to analyze features of sperm
chromosomes integrated HBV DNA. The genetic significance
of the results from this investigation was discussed.
MATERIALS AND METHODS
Subjects
Nine men with HBV infection, including 1 subject with acute
hepatitis, 6 with chronic hepatitis (2 with chronic active
hepatitis, 4 with chronic persistent hepatitis), 2 chronic HBsAg
carriers with no clinical symptoms, and 5 healthy men as
controls were studied. The age range was from 22 to 38 years
old (mean 27), without the history of exposure of radiation
and use of mutagenic agent. The status of the markers of HBV
infection of the subjects tested was listed in Table 1.
Preparation of sperm chromosomes
The technique of interspecific in vitro fertilization of zona-free
golden hamster was used to prepare the sperm chromosomes.
Those procedures included the treatment of semen samples from
the tested subjects, superovulation of golden hamsters and egg
processing, insemination and postinsemination culture and
preparation of chromosome slides[20,21].
Analysis of aberrations of sperm chromosome
Sperm chromosome slides were stained with 10-fold diluted
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Giemsa in 50 ml Sorensen’ s buffer, pH6.8, for 20-30 min and
observed under the light microscope. After the observation,
the slides were stored at -70
for FISH test. Frequency
distributions of spermatozoa with chromosome aberrations
were evaluated by using Chi-square test.

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

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

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

Incidence of chromosome aberrations
Among the analyzable metaphase spreads, chromosome
aberrations observed included numerical anomaly (aneuploidy),
gap, ring chromosome, triradial, dicentric chromosome,
pulverization, acentric fragment and deletion, orderly. Of the
233 analyzable sperm metaphase spreads in the hepatitis group,
33 (14.8 %) complements contained chromosome aberrations,
being significantly higher than 5 (4.3 %) chromosome
aberrations in the control group (P<0.005, χ2 _test).
Signals of in situ hybridization
Using specific whole length HBV DNA as probe to perform
in situ hibridization on sperm chromosome slides, the sperm
metaphases of one patient with chronic persistent hepatitis
(subject 6) presented positive signals, all other tested subjects’
spermatozoa (50 per subject), as well as all hamster oocytes
(more than 200) did not have FISH signal (Table 1). Of 42
chromosome complements of subject 6 with chronic persistent
hepatitis, 9 complements showed clearly twin yellow spots on
some chromosomes. In 9 sperm metaphase spreads with
positive signals, one had 5 signals on different chromosomes,
the rest ranged from 2 to 4 spots involving unrelated

Table 1 Markers of HBV infection of the tested subjects
Subjects
Hepatitisa
1
2
3
4
5
6
7
8
9
Controls
1
2
3
4
5
a

Age

Serum

Seminal fluid

HBsAg

Anti-HBc

HBeAg

Anti-HBs

Anti-HBe

HBV-DNA

HBsAg

38
32
25
22
26
23
27
22
25

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
-

-

+
+
+
+
-

+
+
+
+
+

+
+
+
+
-

+
+
+
+
+

32
29
23
25
26

-

-

-

-

-

-

-

-

1: acute hepatitis; 2, 3: chronic active hepatitis; 4, 5, 6, 7: chronic persistent hepatitis; 8, 9: chronic HBsAg carriers.
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Table 2 Analytical results of sperm chromosomes of the tested subjects
Number of abnormal sperm
Sub-jects

Number of
Number (%)
metaphase
of analyzable
spreads observed metaphase spreads

Hepatitis
1
2
3
4
5
6
7
8
9
Total
Controls
1
2
3
4
5
Total

Number(%) of
normal sperm With aneu
karyotypes
-ploidy

With structural aberrations
g

r

tr

dic

pul

ace

del

Rates (%)
of anormal
sperm

FISH Re
-sults

73
69
72
68
86
113
82
61
48
672

23(31.5)
20(29.0)
24(33.3)
29(42.6)
30(34.9)
43(38.1)
19(23.2)
23(37.7)
12(25.0)
223(33.2)

20(87.0)
15(75.0)
22(91.7)
25(86.2)
28(93.3)
30(69.8)
19(100 )
20(87.0)
11(91.7)
190(85.2)

1
1
0
0
1(1)a
5(2)a
0
0
1
9(3) a

0
1
1
0
0
4(1)b
0
0
0
6(1) b

0
0
0
1
1
2(1)a
0
1
0
5

0
2
0
0
1a
2(1)a
0
0
0
5

1
0
0
2
0
0
0
1
0
4

0
0
1
0
0
2
0
1
0
4

1
0
0
1
0
1b
0
0
0
3

0
1
0
0
0
0
0
0
0
1

13.0
25.0
8.3
13.8
6.7
30.2
0.0
13.0
8.3
14.8

+
-

57
61
50
36
42
246

31(54.3)
21(34.4)
19(38.0)
17(47.2)
28(66.7)
116(47.2)

29(93.5)
21(100 )
19(100 )
16(94.1)
26(92.9)
111(95.7)

0
0
0
1
0
1

0
0
0
0
1
1

1
0
0
0
0
1

0
0
0
0
0
0

0
0
0
0
1
1

0
0
0
0
0
0

1
0
0
0
0
1

0
0
0
0
0
0

6.5
0.0
0.0
5.9
7.1
4.3

-

g=Gap; r=Ring; tr=Triradial; dic=Dicentric chromosome; pul=Pulverization; ace=Acentric fragment; del=Deletion
For containing both numerically and structurally chromosomal aberrations simultaneously
b
For containing gap and acentric fragment chromosome aberrations simultaneously
a

chromosomes. The intensity of signal presented distinct
difference among the spots. Positive signals detected were not
identical in the chromosomes and in distribution (Figure1).

A

B

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

DISCUSSION
Our studies showed that the frequency of sperm chromosomal
aberrations was greatly elevated after the infection of hepatitis
B virus, and FISH could directly visualize the integration of
HBV DNA sequences into sperm chromosomes. These results
suggested that HBV infection could produce inheritable
biological effects by carrying genetic materials damaged by
virus or carrying altered genetic constituent due to the insertions
of virus DNA in germ cells. As we know, this is the first report
about the influence of biological factors on human sperm
chromosomes.
In our study, we unexpectedly found that the sperm
chromosomes frequently presented stickiness, faint stain and
extreme tortuosity in the tested subjects with HBV infection
and analyzable metaphases were low. Nevertheless, these
changes were not found in the healthy controls under the strictly
identical conditions. A previous report demonstrated that this
manifestation had occurred in the chromosomes of somatic
cells of HB patients with positive HBsAg[25]. The reasons of
causing chromosomal stickiness in the HBV infection patients
were unclear. The possibilities we considered might include
the following events: First, antigen components of HBV such
as core protein might interfere with the assembly of
chromosome from chromatin due to its interaction with
histones, it was confirmed that the core protein of HBV had
participated in the organization of nucleosomes with histones
in the hepatitis B virus minichromosome [26,27] , so the
condensation degree of chromosome was decreased and
staining of chromosome became more difficult. Second, local
despiralizations in the chromosomes occurred due to virus or
its components. Third, premature chromosome condensation
(PCC) might be induced by HBV, because virus-induced PCC
was a common phenomenon[28]. Chromosome stickiness itself
may be a manifestation of chromosomal pulverizations.
Previous reports have indicated that HBV infection can
induce genetic alterations in somatic cells including
hepatocytes and blood cells etc, showing increase of the rate
of chromosomal aberrations or SCEs[29-35]. It was reported that
influenza in spermatocytes of mice could greatly induce the
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increase of chromosomal anomalies[36]. Our studies revealed
that the incidence of chromosomal aberrations in the HBV
infection group was significantly higher than that in the
controls. Although in the present study the individual sample
sizes and analyzable chromosome numbers were not large
enough and it was difficult to compare the differences of rates
and types of aberrations among the different clinical and
serological states of HBV infection, there were some features
worthy to be considered: First, the incidence of chromosome
aberrations did not appear to be closely correlated with the
seminal fluid status of HBV infection; Second, the chromosome
pulverizations were not observed in the controls but were
present in 4 sperm cells in the HBV infection group; Third,
subject 6 with proven HBV integrations in the sperm
chromosomes had prominently higher level of chromosomal
aberration than the other HBV infection subjects; Fourth, the
chromosome breakages were more frequent in the HBV
infection group than that in the controls.
FISH onto sperm chromosomes by specific HBV DNA as
a probe had showed positive signals in an HBV patient. The
results directly indicated that HBV could penetrate blood-testis
barrier and enter male germ line and integrate into their
genome. So the possibility of vertical transmission of HBV
via the germ cells was further confirmed[18,19]. Our preliminary
observations showed that HBV integrations into sperm
chromosomes had the feature of multi-site integrations and
that the predilection site of HBV insertion into chromosomes
seemed to be unlikely present. These results were similar with
other previous reports about HBV-related hepatocellular
carcinoma either in HCC-derived cell lines or in liver tumor
samples [7-17,32,33]. During spermatogeneis, the stem cells
sequentially undergo proliferation by mitosis and
differentiation into spermatocytes and formation into
spermatozoa by meiosis. The occurred important events of
meiosis were the pairing and recombination of chromosomes
during the prophase of meiosis I[37]. Thus it was possible that
relocation of viral sequences and multi-site integrations could
occur via genetic recombination when HBV was inserted into
male reproductive cells, but the genetic effect of initial HBV
insertion into various spermatogenic stages must have been
greatly various. If the insertion occurred in stem cells, their all
daughter cells would carry the integrated form of viral DNA
and the effects would be long-term. In our studies, we were
surprised by the fact that FISH showed strong signals in a
patient using single small DNA probe. The reasonable
explanations for this result included that the copies of HBV
strand-invasion may be multiple, HBV sequence generated
duplications in situ after the invasion into host genome, during
the processes of making spermatozoa, unequal cross-over or
DNA rearrangements occurred repeatedly due to HBV insertion
into DNA of stem cells. According to the sperm chromosome
aberration analysis (Table 2), such a subject with HBV
integrations had relatively higher incidence of sperm
chromosome aberration than that in other subjects without
HBV integration. This correlation implied that viral DNA
integrations into germ line significantly increased the instability
of gametic genome. Thus, HBV integration into sperm cells
would create extensively inheritable effects including offspring
from such sperm fusion with ovum presenting HBV infection
status in newborn infant and producing congenital or hereditary
disease (for example, embryonal tumor) by altering genetic
constituent and/or inducing mutations[38-40].
We conclude that H BV infection can bring about mutagenic
effects on sperm chromosomes which show that the incidence
of sperm chromosome aberrations is significantly elevated after
the infection of HBV. Integrations of viral DNA into sperm
chromosomes with feature of multisites and nonspecific can
further increase the instability of sperm chromosomes. Our
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study suggests that HBV infection can create extensively
inheritable effects not only by altering genetic constituent and/
or inducing mutations but also possibly by vertical transmission
of HBV via the germ line to the next generation.
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Abstract
AIM: To determine the prevalences of TTV and HGV infections
among blood donors and patients with chronic liver disease
in Korea, to investigate the association of TTV and HGV
infections with blood transfusion, and to assess the correlation
between TTV and HGV viremia and hepatic damage.
METHODS: A total of 391 serum samples were examined
in this study. Samples were obtained from healthy blood
donors (n=110), hepatitis B surface antigen (HBsAg)-positive
donors (n=112), anti-hepatitis C virus (anti-HCV)-positive
donors (n=69), patients with type B chronic liver disease
(n=81), and patients with type C chronic liver disease (n=19).
TTV DNA was detected using the hemi-nested PCR. HGV
RNA was tested using RT-PCR. A history of blood transfusion
and serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were also determined.
RESULTS: TTV DNA was detected in 8.2 % of healthy blood
donors, 16.1 % of HBsAg-positive donors, 20.3 % of antiHCV-positive donors, 21.0 % of patients with type B chronic
liver disease, and 21.1 % of patients with type C chronic
liver disease. HGV RNA was detected in 1.8 % of healthy
blood donors, 1.8 % of HBsAg-positive donors, 17.4 % of
anti-HCV-positive donors, 13.6 % of patients with type B
chronic liver disease, and 10.5 % of patients with type C
chronic liver disease. The prevalence of TTV and HGV
infections in HBV- or HCV-positive donors and patients was
significantly higher than in healthy blood donors (P<0.05),
except for the detection rate of HGV in HBsAg-positive donors
which was the same as for healthy donors. There was a
history of transfusion in 66.7 % of TTV DNA-positive patients
and 76.9 % of HGV RNA-positive patients (P<0.05). No
significant increase in serum ALT and AST was detected in
the TTV- or HGV-positive donors and patients.
CONCLUSION: TTV and HGV infections are more frequently
found in donors and patients infected with HBV or HCV than
in healthy blood donors. However, there is no significant
association between TTV or HGV infections and liver injury.

Jeon MJ, Shin JH, Suh SP, Lim YC, Ryang DW. TT virus and hepatitis
G virus infections in Korean blood donors and patients with chronic
liver disease. World J Gastroenterol 2003; 9(4): 741-744
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INTRODUCTION
A novel human DNA virus, TT virus (TTV), was first
discovered in the sera of three Japanese patients with posttransfusion hepatitis in 1997[1]. TTV is a non-enveloped, singlestranded virus related to the Circoviridae family[2, 3]. Hepatitis
G virus (HGV) is an enveloped RNA virus member of the
Flaviviridae family[4]. TTV and HGV infections in healthy
blood donors as well as in patients with liver disease have been
recently reported in many areas of the world[3-22]. However,
the role of these viruses in disease remains uncertain.
Information regarding TTV and HGV infections in the Korean
population is limited. Hepatitis B virus (HBV) and hepatitis C
virus (HCV) are the viral agents most readily implicated in
causing a liver disease in Korea[23, 24]. The aims of this study
were to determine the prevalence of TTV and HGV in Korean
blood donors and patients with type B or C chronic liver disease,
to investigate the association between blood transfusion and
TTV and HGV infections, and to assess the correlation between
TTV and HGV viremia and hepatic damage.
MATERIALS AND METHODS
Materials
A total of 291 blood samples, derived from 110 healthy donors,
112 hepatitis B surface antigen (HBsAg)-positive donors, and
69 anti-hepatitis C virus antibody (anti-HCV Ab)-positive
donors, were collected at the Kwangju-Chonnam Red Cross
Blood Center. A total of 100 blood samples were obtained
from 81 patients with type B chronic liver disease (46 chronic
hepatitis, 15 liver cirrhosis, and 20 hepatocellular carcinoma)
and 19 patients with type C chronic liver disease (10 chronic
hepatitis and 9 hepatocellular carcinoma) at the Chonnam
National University Hospital.
Serological and chemical studies
within
Blood samples were centrifuged and stored at -70
hours of collection. HBsAg and anti-HCV Ab were tested with
enzyme immunoassay (Axsym, Abbott Laboratories, USA).
Immunoblot assay (ProfiBlot IIN, SLT Lab Instruments,
Austria) was used to confirm anti-HCV. Serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
were also measured using an autoanalyzer (Hitachi 747,
Hitachi, Japan).
DNA extraction and TTV PCR
DNA was extracted from 250 µL of sera using a kit (DNAzol,
Molecular Research Center, USA) according to the
manufacturer’s guidelines. Nucleic acids were dissolved in 50
µL of NaOH (8 mM). A 7 µL volume was then removed and
used for amplification of TTV DNA. The PCR reaction was
performed in a volume of 50 µL containing 10 mM Tris-HCl
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(pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 µM dNTPs, 0.5
µM of NG059 (5’-ACAGACAGAGGAGAAGGCAACATG3 ’ ) as th e sen se p r im er , 0 .5 µM o f NG0 6 3 ( 5 ’ CTGGCATTTTACCATTTCCAAAGTT-3’) as the antisense
primer, and 2 U of Taq polymerase to amplify a 286-bp product.
The second-round PCR was done under identical conditions,
except that the template was 5 µL product from the first-round
PCR, and the sense primer was 0.5 µM of NG061
(5’-GGCAACATGTTATG GATAGACTGG-3’). The size of
the second-round PCR product was 271 bp. Each PCR was
performed in a programmable thermal cycler (GeneAmp PCR
System 9 600, Perkin-Elmer Cetus, USA). The PCR program
consisted of 35 cycles of denaturation for 15 seconds at 95 ,
annealing for 30 seconds at 58 , and extension for 30 seconds
at 72 , followed by a final extension for 10 minutes at 72 .
The amplification products were separated by 2 % agarose gel
electrophoresis, stained with ethidium bromide, and
photographed under UV light.

Nucleotide sequencing
To ascertain the specificity of the PCR products, DNA
sequences of the amplified product were determined. The PCR
product was purified with a PCR purification kit (Boehringer
Mannheim, Mannheim, Germany). Nucleotide sequences of
the amplicon were directly determined using an AccuPower
DNA sequencing kit (Bioneer, Korea). The sequence homology
between the PCR products and published TTV DNA was
examined. Two randomly selected PCR products were
sequenced, both of which were positive for TTV DNA.
Sequence comparison with databases confirmed the specific
amplification of TTV genomic DNA.
RNA extraction and HGV RT-PCR
To detect HGV RNA in a sample, nucleic acids were isolated
from 250 µL of serum using Trizol LS Reagent (GIBCO, USA)
and a reverse-transcription PCR (RT-PCR) was performed. A
total of 35 cycles of PCR (94
for 30 seconds, 50 for 30
seconds, and 72
for 60 seconds for each cycle) were
completed in a programmable thermal cycler (GeneAmp PCR
System 9 600, Perkin-Elmer Cetus, USA). The size of the PCR
product was 234 bp. The amplification products were separated
by 2 % agarose gel electrophoresis, stained with ethidium
bromide, and photographed under UV light.
Transfusion history
To examine the association of TTV and HGV infections with
blood transfusion, previous transfusion history was investigated
in both patients with chronic liver disease and blood donors,
by examining their medical records or via telephone interviews.
Statistical analysis
Statistical analysis was conducted using the Chi-square test
and analysis of variance (ANOVA). Statistical significance was
set when P<0.05.
RESULTS
Prevalences of TTV DNA and HGV RNA
The prevalences of TTV and HGV infections in blood donors
and patients with chronic liver disease were shown in Table 1.
TTV DNA was detected in 8.2 % (9/110) of healthy blood
donors, 16.1 % (18/112) of HBsAg-positive donors, 20.3 %
(14/69) of anti-HCV-positive donors, 21.0 % (17/81) of patients
with type B chronic liver disease, and 21.1 % (4/19) of patients
with type C chronic liver disease. The TTV prevalence was
significantly higher both in HBsAg-positive or anti-HCVpositive donors and in patients with chronic liver disease than
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in healthy blood donors (P<0.05). HGV RNA was detected in
1.8 % (2/110) of healthy blood donors, 1.8 % (2/112) of
HBsAg-positive donors, 17.4 % (12/69) of anti-HCV-positive
donors, 13.6 % (11/81) of patients with type B chronic liver
disease, and 10.5 % (2/19) of patients with type C chronic liver
disease. The HGV prevalence was significantly lower in healthy
blood donors or HBsAg-positive donors than in patients with
chronic liver disease and anti-HCV-positive donors (P<0.05).
The detection rates for TTV or HGV were not significantly
different between the three types of chronic liver disease. The
TTV prevalence was about 4.6 times higher than the HGV
prevalence in healthy blood donors. Co-infection of TTV and
HGV was also observed in ten cases of HBV- or HCV-infected
patients and donors.
Table 1 The prevalence of TTV and HGV infections in blood
donors and patients with chronic liver disease from Korea
Subject

n

Healthy blood donors 110
HBsAg(+) donors
112
Anti-HCV(+) donors
69
Patients with type
81
B chronic liver disease
Chronic hepatitis
6
Liver cirrhosis
15
Hepatocellular carcinoma 20
Patients with type
19
C chronic liver disease
Chronic hepatitis
10
Hepatocellular carcinoma
9
Total
391

TTV (%)

HGV (%) TTV & HGV (%)

9 (8.2)
18 (16.1)a
14 (20.3)a
17 (21.0)a

2 (1.8)
2 (1.8)
12 (17.4)b
11 (13.6)b

10(21.7)
3 (20.0)
4(20.0)
4 (21.1)a

5 (10.9)
3 (20.0)
3 (20.0)
2 (10.5)b

2 (20.0)
2 (22.2)
62 (15.9)

1 (10.0)
1 (11.1)
29 (7.4)

0 (0.0)
0 (0.0)
3 (4.3)
6 (7.4)
3 (6.5)
2 (13.3)
1 (5.0)
1 (5.3)
0 (0.0)
1 (11.1)
10 (2.6)

a
P<0.05 vs healthy blood donors, bP<0.05 vs healthy blood donors or HBsAg-positive donors.

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

TTV

n

21

14 (66.7)a

7 (33.3)

Negative

77

33 (42.9)

44 (57.1)

13

10 (76.9)

3 (23.1)

85

37 (43.5)

48 (56.5)

98

47 (48.0)

51 (52.0)

Negative

a

No (%)

Positive

HGV Positive
Total

Yes (%)

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

Correlation between TTV or HGV viremia and hepatic damage
To evaluate the correlation between TTV or HGV infections
and hepatic damage, the serum levels of ALT and AST were
measured in all subjects (data not shown). No significant
increase in serum ALT and AST was observed in TTV- or
HGV-positive blood donors, compared with TTV- or HGVnegative donors. In addition, TTV or HGV co-infection did
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not elicit any further significant increase in ALT and AST levels
in patients with chronic liver disease. Furthermore, no increase
in ALT and AST was observed in HBV- or HCV-positive
patients or donors infected with both TTV and HGV. These
observations suggested that there is no significant association
between TTV or HGV infections and hepatic injury.

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

743

infection seems not to be related to the initiation or potentiation
of hepatic damage, which therefore suggests that the routine
screening test for TTV and HGV on donated blood is not
necessary. At present there also is no country that conducts
the screening test for these viral infections.
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Abstract
AIM: To evaluate the potential of laparoscopy in the
diagnosis of cirrhosis and outcome of interferon treatment
in HCV-infected patients.
METHODS: In this retrospective study, diagnostic laparoscopy
with laparoscopic liver biopsy was performed in 72 consecutive
patients with chronic HCV infection. The presence or absence
of cirrhosis was analyzed macroscopically by laparoscopy and
microscopically by liver biopsy specimens. Clinical and
laboratory data and outcome of interferon-alfa treatment
were compared between cirrhotic and noncirrhotic patients.
RESULTS: Laparoscopically, cirrhosis was seen in 29.2 %
(21/72) and non-cirrhosis in 70.8 % (51/72) of patients.
Cirrhotic patients were significantly older with a significant
longer duration of HCV infection than noncirrhotic patients.
Laboratory parameters (AST, y-GT, y-globulin fraction) were
measured significantly higher as well as significantly lower
(prothrombin index, platelet count) in cirrhotic patients than
in non-cirrhotic patients. Histologically, cirrhosis was confirmed
in 11.1 % (8/72) and non cirrhosis in 88.9 % (64/72). Patients
with macroscopically confirmed cirrhosis (n=21) showed
histologically cirrhosis in 38.1 % (8/21) and histologically noncirrhosis in 61.9 % (13/21). In contrast, patients with
macroscopically non-cirrhosis (n=51) showed histologically
non cirrhosis in all cases (51/51). Thirty-nine of 72 patients
were treated with interferon-alfa, resulting in 35.9 % (14/39)
patients with sustained response and 64.1 % (25/39) with
non response. Non-responders showed significantly more
macroscopically cirrhosis than sustained responders. In
contrast, there were no significant histological differences
between non-responders and sustained responders.
CONCLUSION: Diagnostic laparoscopy is more accurate
than liver biopsy in recognizing cirrhosis in patients with
chronic HCV infection.Liver biopsy is the best way to assess
inflammatory grade and fibrotic stage. The invasive marker for
staging, prognosis and management, and treatment outcome
of chronic HCV-infected patients need further research and
clinical trials. Laparoscopy should be performed for recognition
of cirrhosis if this parameter is found to be of prognostic and
therapeutic relevance in patients with chronic HCV infection.
Wietzke-Braun P, Braun F, Schott P, Ramadori G. Is laparoscopy
an advantage in the diagnosis of cirrhosis in chronic hepatitis C
virus infection? World J Gastroenterol 2003; 9(4): 745-750
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INTRODUCTION
Hepatitis C virus (HCV) infection is the leading cause of chronic
liver disease. Up to 85 % of HCV-infected patients develop
chronic liver disease without elimination of the virus[1-3].
Chronic HCV infected patients develop cirrhosis in 7 % and
20 % after 20 and 40 years of infection[4], while symptoms and
alarming biochemical markers appear late[5,6]. Patients with
cirrhosis secondary to chronic HCV infection also have an
increased risks for development of hepatocellular carcinoma
(HCC), estimated to be between 1-4 % per year[7].
The diagnostic spectrum for chronic hepatitis C includes
biochemical parameters, antibodies against HCV, qualitative
and quantitative HCV RNA with genotyping, abdominal
ultrasound and liver histology. Random core biopsy analysis
can reveal information about the inflammatory grade and
fibrotic stage of chronic HCV infection [8]. Diagnosis of
compensated liver cirrhosis can be made with a high accuracy
neither by percutaneous liver biopsy nor by ultrasound[9]. In
comparison with percutaneous liver biopsy, laparoscopy allows
macroscopic inspection of both liver lobes that might variate
during progression of liver disease[10]. Percutaneous liver biopsy
only allows the interpretation of a small biopsy. It has been
reported that histological analysis fail with error ranges above
25 % in the diagnosis of cirrhosis in chronic liver disease[11,12],
especially during the early phase of cirrhosis (Child A) and
macronodular cirrhosis[13]. In a retrospective study, Poniachik
et al. compared the presence of cirrhosis in 434 patients by liver
biopsy and laparoscopy. Cirrhosis was seen laparoscopically in
169 patients and was confirmed in 115 patients histologically.
In contrast, only 2 of 265 histologically confirmed cirrhotic
livers were macroscopically without cirrhosis[14]. Ultrasound
guided liver biopsy can result in a false negative histology due
to the puncture of a regenerative nodule[15]. Cardi et al. showed
superiority of laparoscopy over ultrasonography in diagnosis
of widespread liver diseases[16]. Oberti et al. reported that only
prothrombin index and serum hyalorunate were sensitive
parameters for screening cirrhosis[17]. Early cirrhosis may often
be missed due to clinical inappearance especially in patients
with chronic HCV infection and accurate noninvasive markers
of disease activity and fibrosis are not available[18]. The absence
of early cirrhosis in chronic HCV infected patients might be a
potential field for diagnostic laparoscopy that is not performed
routinely and patients with early cirrhosis can be enrolled in
the screening programs for HCC, too.
In the treatment of chronic HCV infection has proved
beneficial interferon-alfa in the last two decades[19-23]. Old age,
high level of viraemia, HCV genotype II (1b), long duration
of disease, high levels of hepatic iron store, especially the
advanced liver damage represented by dimension of fibrosis
were considered to be negative predictive factors in the
outcome of interferon treatment[22,24-34]. Two studies focused
exclusively on interferon treatment in patients with HCV
related cirrhosis[35,36]. After introduction of pegylated interferon
given only once a week, HCV-infected patients with cirrhosis
or bridging fibrosis were treated in a clinical trial[37]. These
data implicated that HCV infected patients with liver cirrhosis
need different therapeutic schedules with longer duration and
higher dose of interferon.
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Since cirrhosis is a negative predictor for antiviral therapy
in chronic HCV-infected patients and liver histology might
underestimate the frequency of cirrhosis, the aim of this
retrospective study was to evaluate the potential of laparoscopy
in the diagnosis of cirrhosis and outcome of interferon treatment
in this particular group of patients.

MATERIALS AND METHODS
Patients
Laparoscopy and laparoscopic liver biopsy were performed in
72 chronic HCV-infected patients. Diagnosis of chronic HCV
infection was based on elevated liver enzymes for at least 6
months, detection of anti-HCV antibodies in ELISA (2nd
generation) and HCV RNA by RT/PCR. Patients with active
viral coinfections (HBV, HIV, CMV, EBV), evidence for
autoimmune hepatitis with positive serologic constellation of
specific autoantibodies (ANA, AMA, anti-SLA, SMA, antiLKM), alcohol and/or i.v. drug abusers and patients with signs
of liver cirrhosis and/or hepatic decompensation (e.g. ascites,
gastrointestinal bleeding, etc.) were excluded. Each patient was
asked to sign a written informing consent for diagnostic
laparoscopy and liver biospy.
Biochemical and serological analysis
Serum levels of ALT, AST, γ-GT, AP and CHE, as well as
concentrations of serum bilirubin, prothrombin index, γglobuline fraction and platelet count were measured by
established routine methods before laparoscopy, during and after
interferon treatment. Anti-HCV antibodies were analyzed using
an ELISA (2nd generation, Ortho Diagnostic Systems, Raritan,
NJ, USA) according to the instructions of the manufacturer.
Detection of HCV RNA and determination of HCV genotypes
According to Okamoto et al. and Simmonds et al. [38,39]
determination of serum HCV RNA by a nested RT/PCR
technique and determination of genotypes by a restriction
enzyme analysis were carried out as described previously[40].
Laparoscopy
Abdominal ultrasound, electrocardiogram and, in patients older
than 60 years, a chest X-ray were performed before laparoscopy.
The evening before laparoscopy, each patient received 75 mg
promethazin orally. Two hours before examination, 50 mg
promethazin and 30 minutes before exploration 50 mg pethidin
and 0.5 mg atropine were injected intramascularly. If necessary,
patients received sedativa or analgetics during the laparoscopic
intervention. During laparoscopy, each patient was given
continuously an isotonic electrolyte solution intravenously.
Patients were monitored by pulsoxymetry. After local anesthesia,
the pneumoperitoneum was installed by puncturing at Monros’
point with the Verres needle followed by insufflation of 2-3 L
nitrous oxide. After insertion of the laparoscope in a trocar with
a safety shield at Kalks’ point, macroscopic exploration of liver,
spleen and peritoneum followed. Liver biopsies were taken
generally from an area on the anterior surface of the left lobe of
the liver or of macroscopic suspect areas using a Menghini
needle, at least 2 cm from the liver edge, containing at least five
portal areas. Macroscopic diagnosis of cirrhosis was made based
on the following criteria: (1) diffuse nodules on the liver surface,
or (2) shallow nodules (i.e., nodules usually of large diameter,
slightly protruding from the liver surface) if the liver was hard
on palpation and rigid on lifting with a blunt probe and if clearcut
features of portal hypertension were observed[41,42].
Histopathological evaluation
Formalin-fixed and paraffin-embedded liver biopsies were
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stained with hematoxylin-eosin, trichrome and by applying
the Prussian blue reaction as described previously [43]. One
pathologist examined samples unblindedly. A modified
“Histology Activity Index” (HAI) on the basis of reported
staging scores served to assess the stage of fibrosis[44-46]. Absent
portal fibrosis was staged as fibrosis score I (HAIb=0, no
fibrosis), mild to moderate fibrosis as stage II (HAIb=1, fibrotic
portal expansion), marked fibrosis as stage III (HAI b=3,
bridging fibrosis) and complete fibrosis as cirrhosis (HAIb=4).

Interferon treatment
Patients received recombinant interferon-alfa 2a (Roferon A,
Hoffmann-La Roche, Basel, Switzerland) for initial treatment
of chronic HCV infection. In our retrospective study, a dose
of 6 MU three times a week was administered for 12 months
according to Chemello et al[47]. Patients were classified as
sustained responders if serum transaminases normalized
(biochemical response) and serum HCV RNA became
undetectable (virological response) during the treatment and
at 6 months after the end of treatment (follow-up). During the
follow-up, the re-emergence of both parameters after the end
of treatment was defined as relapse. Patients with no
improvement of biochemical or virological parameters within
the first 3 months of treatment were classified as nonresponders and treatment was stopped. For statistical analysis
patients with relapse and non-response were classified as nonresponders and compared with sustained responders. Patients
who finished their course of treatment and 6 months of followup after the end of treatment were analysed.
Statistical analysis
Significant levels of differences between values were analyzed
using the Chi-square test, Mann-Whitney test and student’s ttest as indicated.
RESULTS
Mean (M±SD) age of the 72 patients (49 % female, 51 % male)
with chronic HCV infection was 46.8±12.1 years with a range
of 27-72 years. Route and date of HCV infection were identified
in 44 patients. The duration of HCV infection was 15.4±9.7 years
and route of viral transmission was blood transfusion in 23 %,
intravenous drug abuse in 18 % and anti-D prophylaxis in 3 %.
Laparoscopy found no severe complications. Liver biopsy
caused mild bleeding in 6 (8 %) patients which was controlled
during laparoscopy by local compression. None of the patients
required blood transfusion. One patient developed a mesenteric
emphysema after insufflation of nitrous oxide.
Cirrhosis was found by laparoscopy in 21/72 (29.2 %)
patients and by histology in 8/72 (11.1 %) patients. According
to HAI, patients with macroscopic cirrhosis by laparoscopy
(n=21) showed histologically fibrosis stage I in 14.3 % (3/21),
fibrosis stage II in 19 % (4/21), fibrosis stage III in 28.6 %
(6/21) and cirrhosis in 38,1 % (8/21) (Table 1). Therefore 13/21
(61.9 %) macroscopic cirrhosis was not identified histologically.
No cirrhosis was detected by laparoscopy in 51/72 (70.8 %)
patients. According to HAI, patients without macroscopic
cirrhosis (n=51) showed histologically fibrosis stage I in 58.8 %
(30/51), fibrosis stage II in 31.4 % (16/51), fibrosis stage III in
9.8 % (5/51) and cirrhosis in 0 (0/51).
For statistical analysis, patients were divided into two
groups. Group A represented patients with macroscopic
cirrhosis (n=21) and group B patients without macroscopic
cirrhosis (n=51) diagnosed by laparoscopic criteria. The mean
(M±SD) age of patients in group A was 56.4±9.4 years, being
significantly higher than in group B aged 41.7±11.2 years
(P<0.02). There were 10 men and 11 women in group A and
27 men and 24 women in group B (n.s.). Mean (M±SD)
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duration of chronic HCV infection in 44 patients of group A
was 23.2±8.3 years, being significantly longer than in patients
without macroscopic cirrhosis (group B) aged 10.4±5.7 years
(P<0.02) (Table 2). In blood chemistry, patients of group A
had significantly higher AST, γ-GT and γ-globulin fraction in
serum electrophoresis as well as significant lower prothrombin
index and platelet count than patients of group B. No significant
differences were found for ALT, AP, bilirubin and cholinesterasis
in both groups (Table 3). According to the Child-Pugh-Turcotte
classification, 18 of the 21 patients with macroscopic cirrhosis
were classified as Child A, 3 Child B and none Child C. In
comparison of histological cirrhosis (8/21) and histologic non
cirrhosis (13/21) of group A with macroscopic cirrhosis (n=21),
significant differences were only found in AST and y-GT
(Table 4). Differences were not significant in prothrombin
index, y-globuline fraction and platelet count between cirrhosis
(8/21) and histologic non-cirrhosis (13/21) of group A with
macroscopic cirrhosis (n=21) (Table 4).
Table 1 Outcome of macroscopic laparoscopic exploration and
histological analysis in 72 patients with chronic HCV infection
Histology (fibrosis
stage score)

Laparoscopy
Patients without signs
of cirrhosis (n=51)

Patients with signs
of cirrhosis (n=21)

30
16
5
0

3
4
6
8

Fibrosis I
Fibrosis II
Fibrosis III
Cirrhosis

Absent portal fibrosis was judged as fibrosis score I (HAIb=0,
no fibrosis), mild to moderate fibrosis as stage II (HAIb=1, fibros
portal expansion), marked fibrosis as stage III (HAIb=3, bridging fibrosis), and complete fibrosis as cirrhosis (HAIb=4).
Table 2 Demographic and clinical data of patients with and
without laparoscopically diagnosed cirrhosis
Laparoscopy
Patients with signs
of Cirrhosis (n=21)

P

Patients without signs
of Cirrhosis (n=51)

Age (years)
56.36±9.42
Duration of disease
23.2±8.3
(years) (n=44)
Sex ratio (m/f)
10/11

41.7±11.2
10.4±5.68

<0.02a
<0.02a

27/24

ns

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

Table 3 Laboratory data of patients with and without laparoscopic
macroscopic evidence of cirrhosis
Laparoscopy
Patients with evidence
of cirrhosis (n=21)

AST (U/l)
59.7±54.2
ALT (U/l)
82.5±70.3
γ-GT (U/l)
72.6±78.4
AP (U/l)
129.8±48.9
Bilirubin (mg/dl)
1.1±0.93
CHE (U/l)
5114±1331
Prothrombin index (%)
93.8±12.6
γ-globuline fraction (%)
19.9±6.5
Platelet count (cell/µl) 172 940±65068

Patients without evidence
of cirrhosis (n=51)
29.3±19.6
72.6±47.2
34.1±38.2
137.5±49.6
1.86±6.23
5910±1001
102.2±6.3
13.7±2.9
253 230±57096

Table 4 Comparing laboratory data of patients with macroscopic laparoscopic signs of cirrhosis
Histological analysis

Laboratory data

P
No cirrhosis (n=13)

AST (U/l)
35.9±24.9
ALT (U/l)
64.9±72.2
γ-GT (U/l)
51.64±39.78
AP (U/l)
126.3±54.6
Bilirubin (mg/dl)
0.36±0.5
CHE (U/l)
5129±1861
Prothrombin index (%)
95.8±10.6
γ-globuline fraction (%)
16.3±3.2
Platelet count (cells/µl) 180 700±56 240

P

< 0.02
ns
< 0.02
ns
ns
ns
<0.02
<0.02
<0.02

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

Cirrhosis (n=8)
87.7±67.8
97.0±66.34
103.0±104.6
144.6±39.6
1.4±3.438
4685±1773
90.7±14.3
19.6±10.6
167 000±77 110

<0.02
ns
<0.02
ns
ns
ns
ns
ns
ns

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

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

a

Laboratory data

747

Number (%)
Age (years)
Genotype 1b ( %)
Fibrosis staging score (%)
I
II
III
Cirrhosis
Laparoscopic evidence
of cirrhosis (%)

Non-responders

P

14 (35.9 %)
50.6±13.9
5 (35.7 %)

25 (64.1 %)
47.2±10.6
18 (72 %)

ns
<0.02a

7 (50.0 %)
3 (21.4 %)
3 (21.4 %)
1 ( 7.0 %)
2 (14.2 %)

9 (36.0 %)
8 (32.0 %)
3 (12.0 %)
5 (20.0 %)
9 (36.0 %)

ns
<0.02a

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

DISCUSSION
Diagnostic laparoscopy is recommended in the diagnosis of
peritoneal diseases, evaluation of ascites of unknown origin,
staging of abdominal cancer and chronic and focal liver
disease[48]. Laparoscopy is commonly not performed for the
diagnosis of cirrhosis in patients with chronic HCV. The
availability of percutaneous liver biospy guided by ultrasound,
CT- or MRI-scan offers selected biopsy of an suspicious area
in the liver. The rate of laparoscopic liver biopsies in
gastroenterology declined and also the number of training
programs for this procedure [49] . However, all imaging
procedures do not allow a direct viewing of the liver. The direct
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visual inspection of the liver and the abdomen is the privilege
of laparoscopy.
In this study, more chronic HCV infected patients had been
diagnosed of cirrhosis macroscopically by laparoscopic
inspection of the liver than histologically by using the Menghini
needle for laparoscopic liver biopsy. All patients with
histological cirrhosis also had cirrhosis macroscopically, but
13/21 patients with macroscopic cirrhosis had no cirrhosis
histologically. This discrepancy implicates an underestimation
of cirrhosis in chronic HCV-infected patients, if diagnosis of
cirrhosis is based only on liver biopsy using the Menghini
needle. Poniachik et al. investigated the role of laparoscopy
and laparoscopic liver biopsy in the diagnosis of cirrhosis in
434 patients with chronic liver disease including 169 patients
with laparoscopic evidence of cirrhosis. The histological
sampling error was 32 % among patients documented to have
cirrhosis by laparoscopy[14]. The selection of a suction or cutting
needle for liver biopsy has a major impact at the stage of cirrhosis.
The use of a cutting needle like Vim-Silverman or Tru-Cut is
reported to give a more representive histology than suction
needles like Menghini, Klatskin or Jamshidi, because fibrotic
tissue tends to fragment with the use of suction needle[49,50]. In
a randomized study on 1192 patients with diffuse liver disease,
Colombo et al investigated percutaneous liver biopsies
comparing the Tru-Cut and the Menghini needle. For diagnosing
cirrhosis accuracy of the Tru-Cut needle is significantly better
(89.5 %) than the Menghini needle (65.5 %). Complication
rates were very low with both needles[51].
Comparing laparoscopy and laparoscopic biopsy for
diagnosis of cirrhosis, laparoscopic diagnosis of macroscopic
cirrhosis was of higher value than histological diagnosis of
microscopic cirrhosis regarding blood chemistry and the
response to interferon therapy. The rate of non-response to
interferon therapy was 64.1 % in our study. Significant
parameters for non-response were genotype II (1b) and
laparoscopic evidence of cirrhosis, but not histological
diagnosis of cirrhosis. Nowadays, new therapeutic regimes
have replaced interferon monotherapy. The combination of
interferon-alfa with ribavirin improved sustained response rate
for chronic HCV-infected patients[52] and for relapsers and nonresponders after initially interferon monotherapy [53-55].
Increased efficacy was shown with pegylated interferon as
compared with standard interferons in cirrhotic and
noncirrhotic patients with chronic hepatitis C [37,56,57] and
currently standard therapy is pegylated interferon in
combination with ribavirin[8]. In this treatment situation, the
role of liver biopsy has increasingly been discussed [58]. If
patients with positive predictors of virological response, such
as low viral load and infection with genotype 2 or 3, can be
treated and have very high chances of response, a biopsy that
reveals mild histologic changes may do little to dissuade the
clinician and patients from immediate treatment[8]. Liver biopsy
may become recommended only in those patients whose
pretreatment characteristics predict the lowest success rate[8].
Paired liver biopsy specimens enable staging of inflammation
and fibrosis before and after treatment to define histological
response in those patients. Compaired with our data, the rate
of cirrhosis before treatment will be underestimated without
performing laparoscopy in those patients. Both procedures,
liver biopsy and laparoscopy, are invasive, but accurate
noninvasive markers for staging disease activity, fibrosis and
cirrhosis are not available[18]. Our rate of complications related
to laparoscopy and laparoscopic liver biopsy was 10 % and no
severe complication was observed. These data are in
accordance with other reports[11,42,59-62]. The rate of severe
complications using blind percutaneous liver biopsy is reported
to be 0.3-1.5 % and is almost comparable with laparoscopic
liver biopsy[41,63-67]. Diagnostic laparoscopy and laparoscopic
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liver biopsy are a safe and invasive procedure in patients with
compensated liver disease. Minilaparoscopy has increasingly
emerged as a less invasive diagnostic method in this field[68].
Based on our data, diagnostic laparoscopy is indicated for
recognition of early cirrhosis in patients with chronic HCV
infection. In fact, as early diagnosis of cirrhosis affects
management of chronic HCV infected patients, it should be
the key factor in the decision-making process.
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Abstract
AIM: To study the level of membrane interleukin-2 receptor
(mIL-2R) on surface of peripheral blood mononuclear cells
(PBMC) and the therapeutic efficacy of alpha 2b interferon
on the treatment of HCV-RNA in PBMC of patients with
chronic hepatitis C and to compare the negative rates of
HCV-RNA in PBMC, HCV-RNA and anti-HCV in serum.
METHODS: Before and after treatment of alpha 2b
interferon, the level of mIL-2R of patients with chronic
hepatitis C was detected by biotin-streptavidin (BSA). The
therapeutic group (26 cases) was treated with alpha 2b
interferon (3 MU/d) and control therapeutic group (22 cases)
was treated with routine drugs (VitC, aspartic acid). The
total course of treatment with alpha 2b interferon and routine
drug was six months and per course of the treatment was
three months. The levels of HCV-RNA in PBMC, HCV-RNA
and anti-HCV in serum were detected before and after a
course of the treatment.
RESULTS: Before and after treatment of alpha 2b
interferon and routine drugs, the levels of mIL-2R in silence
stage were (3.44±0.77) % and (2.95±0.72) %, the levels
of mIL-2R in inducement stage were (33.62±3.95) % and
(30.04±3.73) %. There was a significant difference between
two groups (P<0.01-P<0.05). After treatment of alpha 2b
interferon with 3 MU/d for two courses of the treatment,
the total negative rates of HCV-RNA in the PBMC and HCVRNA, anti-HCV in serum were 42.31 % (11/26), 57.69 %
(15/26), 65.38 %(17/26) respectively. After the treatment
of routine drug, the negative rates of HCV-RNA in PBMC
and HCV-RNA, anti-HCV in serum were 13.64 % (3/22),
22.73 % (5/22), 27.27 % (6/22) respectively. There was
high significant difference in the group treated with alpha
2b interferon and the group treated with routine drugs
(P<0.01-P<0.05).
CONCLUSION: The mIL-2R can be induced by alpha 2b
interferon during the treatment. The alpha 2b interferon
has a definite effect on the treatment of HCV-RNA in PBMC.

The curative effect of alpha 2b interferon is better than that
of the routine drugs.
Wang J, Xiang GJ, Liu BX. Effect of alpha 2b interferon on
inducement of mIL-2R and treatment of HCV in PBMC from
patients with chronic viral hepatitis C. World J Gastroenterol
2003; 9(4): 751-754

http://www.wjgnet.com/1007-9327/9/751.htm

INTRODUCTION
Treatment of interferon on the chronic viral hepatitis C has
been shown to have a good curative effect on inhibition of
HCV replication, reduction in transmission level in serum and
liver cells[1-8], but the improvement in clinical condition was
not obvious and its effective rate was only 50 %[9-17]. The
curative effect of interferon was based on virostatic replication
of HCV in serum and some improvement of liver function.
The literatures show that the peripheral blood mononuclear
cells (PBMC) have large different active immune cells and
membrane interleukin-2 receptor (mIL-2R) is an important
symbol of active T cells, and the immune function of PBMC
will be inhibited after being infected by HCV and the
scavenging effect limited[18,19]. In order to study the effect of
interferon on treatment of HCV in PBMC and the effect of
interferon on inducement to mIL-2R, forty-eight patients with
typical chronic hepatitis C were observed.
MATERIALS AND METHODS
Clinical data
Forty-eight patients with chronic viral hepatitis C were selected
from the Second Miner Hospital of Huainan and our teaching
hospital during 1997/03-2000/05. The total number of patients
was 48 (male 27, female 21) and range of age was from 18 to
57 years old (average 37.3). The clinical diagnosis was based
on the modified diagnosis criterion being affirmed on the
Chinese viral hepatitis conference in Xian (2000). The patients
all needed the following qualifications: (1) The positivity of
anti-HCV in serum for more than six months. (2) The HCVRNA in peripheral blood mononuclear cells and serum were
positive. (3) The patients had been eliminated the infection of
hepatitis A, B, D, E and G viruses. (4) There were no any
systemic treatment of antiviral medicine, immunomodulator,
cortical hormone for the patients. The normal control was 20
healthy students (male 12, female 8) with range age from 20
to 23 years old (average 22.5).
Treatment medicine
The alpha 2b interferon was produced by High Science and
Technology of Anke Biology in Anhui Province.
Treatment methods
The patients with chronic hepatitis C were divided into two
groups with treatment of alpha 2b interferon 3MU (26 cases)
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and routine medicine (22 cases) respectively. The total course
of treatment lasted sixty months, and per course was three
months. Alpha 2b interferon was given intramuscularly
injection (im) qd for two weeks and then alt dieb for two courses
of treatment. The routine treatment group (22 cases) was given
with Vit C, Aspactic acid, etc for six months.

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

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

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

Instruments
The analysis instrument of Spector-I was made in USA; MDF135 CO2 incubator was made in Japan; The instrument for gene
amplification (Hema-8000) was made in Hema Company of
China.
Methods
The total volume of 5 ml peripheral venous blood from patients
with hepatitis C before breakfast was taken before and after
treatment, and distributed a sterile Eppendorf tube and an
anticoagulant tube (heparin) respectively. For detection of antiHCV, the process was performed strictly according to the
direction, and with two blank, two negative and two positive
pores as controls in each test. The average titer was examined
by the analyser Spector-I. The average OD titer of test sample
2.1 times of average OD titer in negative control was
considered to be positive. Detection of HCV-RNA in PBMC
with RT-nested-PCR: After the heparin anticoagulant blood
mixed with the equal volume Hank’s liquid without Ca2+ and
Mg2+, lymphocytes separation medium was used to separate
the PBMC. The cells were washed twice with Hank’s liquid
without Ca2+, Mg2+ and diluted to (1-3)×106/ml before detection
of HCV-RNA. A positive and a negative control were set up
at the same time for comparison in each test. The RT-nestedPCR was made by reverse transcription and primer selected
from non-coded region and part of C region of HCV. The
specific amplificated fragment length was 248 bp. The
40 s, 55
40 s,
synthesis parameters for cDNA were 94
1 min, for 30 circles. The amplification parameters for
72
cDNA were 94 50 s, 55
40 s and 72
90 s, 35 circles,
including initial denaturation for 4 min at 94
and last
extension for 5 min at 72 . The amplification product was
run for electrophoresis on gel with 2 % EB. The result that
was uniform to the positive control was considered to be
positive. The detection of mIL-2R in silence and inducement
stages: 10 µl suspension of the PBMC was smeared on the
slide and left dry naturally and fixed with acetone for fifteen
minutes or twenty minutes. The 10 µl anti-Tac antibody was
mixed with the membrane of smears. The cells were grown in
continuous culture (37 , 50 ml·L-1 CO2 in atmosphere) for
thirty minutes. The immune sheet glass pores were measured
after staining with the color-developing agent and several
washings with Tris Buffer Solution (TBS). Of the PBMC
suspension, 0.5 ml was mixed with RPMI 1640 culture liquid,
which had PHA 200 mg·L-1. The cells were grown in continuous
culture (37 ,50 ml·L-1 CO2 in atmosphere) 72 h and its mIL2R induced by PHA could be measured by the antibodies
against membrane of T cells. The Tac with biotin and SAHRP were smeared on different sheet glasses. The immune

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

Anti-HCV

Group

n

Interferon
treatment
Routin
treatment

26

11

42.31a

15

57.69 a

17

65.38b

22

3

13.64

5

22.73

6

27.27

a

Negative Negative
rate

Negative Negative Negative Negative
rate
rate

P<0.05, bP<0.01 vs interferon treatment.

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

HCV-RNA in serum

-

+

7

4

-

8

7

15

15

11

26

Total

χ2

P

0.75

>0.05

Total

+

11

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

n

mIL-2R (in silence)
Before
treatment

After
treatment

mIL-2R (inducement)
Before
treatment

After
treatment

Interferon treatment

26

2.63±0.70

3.44±0.77bcd

30.34±3.55 33.62±3.95cd

Routin treatment

22

2.43±0.78

2.95±0.72ad

30.07±3.87 30.04±3.73d

Normal control

20

4.54±1.48

37.42±4.10

a
P<0.05, bP<0.01 vs before and after treatment, cP<0.05, dP<0.01
vs interferon treatment.

DISCUSSION
There are three kinds of interferon, α, β, γ. Interferon alpha is
the most active one. Alpha 2b interferon can not enter into the
host cells and kill the virus directly, but can induce the
production of protein kinase (2’, 5’AS) in the infected cells.
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The protein kinase and 2’, 5’AS can be produced after being
infected by virus in cells. The degradation of virus-RNA can
be made by endogenous ednonuclease induced with activated
2’, 5’AS so that the necessary enzyme activity for synthesis of
ribose is killed, the synthetic protein of virus can be decreased,
the growth of hepatitis virus C is inhibited[20-30].
The reports have been shown that interferon has definite
curative effect of the treatment of chronic hepatitis C and
elimination of HCV-RNA, anti-HCV in serum. Therefore,
HCV-RNA is an important index to evaluate condition of the
patient’s[4]. HCV-RNA in PBMC is a direct evidence of the
existence of extrahepatic or latent infection, and is one of
important reasons causing the chronicity of viral hepatitis
C[28-31]. The results of Table 1 had shown that the rate of change
HCV-RNA into negative in PBMC and serum after treatment of
alpha 2b interferon was similar between two groups (P>0.05).
The curative effect was higher in the treatment group with
alpha 2b interferon than that with routine treatment (P<0.05P<0.01). This result had showed that the inducing capability
of alpha 2b interferon in lymphocytes of the patients was strong,
and the high effect against HCV would be taken by activated
lymphocytes obviously. Although the negative rate of HCVRNA in PBMC was lower than that in serum, there was no
significant difference (P>0.05). The results had shown that
alpha 2b interferon had high effect on HCV-RNA both in
PBMC and in serum. There were four cases of chronic hepatitis
C with negative in serum and positive in PBMC. It indicated
that with the T lymphocytes activation, multiple cell factors
were released, that inhibited the replication of free HCV-RNA
in serum, but not the HCV-RNA in PBMC. The cellular
immune function was disorder in different extent in patients
with chronic hepatitis C and so was their response to interferon
and anti-HCV[32-37]. Otherwise, the low level of membrane
interleukin-2 receptor (mIL-2R) on the surface of PBMC
decreased the activity in chronic hepatitis C, which limited the
inducement of protein kinase and the activity of 2’, 5’ AS to
eliminate HCV-RNA[38].
Anti-HCV is an important index for the diagnosis of HCV
and is one of the evidences for evaluating the curative effect
on the treatment of hepatitis C. The anti-HCV diagnostic kits
of the second generation were used in our laboratory testing
for core antigen, NS 3, NS 4 and had high specificity and
sensitivity[39,40]. The rate of negative change of HCV-RNA was
higher in alpha 2b interferon treatment group than that in
routine treatment group (P<0.01). Among the twenty-six cases,
there were six cases with anti-HCV(-) in serum and HCV-RNA
(+) in PBMC, two cases with anti-HCV(-) in serum and HCVRNA(+) in serum. This result showed that even the anti-HCV
in serum became negative, HCV-RNA not stopping replication
completely, some HCV-RNA could still be detected in some
patients[6]. The probable reasons were: (1) After being treatment
of alpha 2b interferon, the level of anti-HCV in serum decreased
obviously and could not be detected by routine test. (2) The
degree of variation of HCV is high, the hydrophilic peptid
chain on core protein is subjective to escape the attack of CTL
and keep the infection persist in chronic state. (3) The variant
antigen of HCV can not match the antibody produced.
mIL-2R is an important symbol of active T cells and plays
key role on biologic effect of IL-2 and its level can reflect the
course of activity of T cells and immune state[38-41]. The levels of
mIL-2R in silence stage detected by BSA were lower in patients
with hepatitis C than those in normal controls (P<0.01). The
probable reasons are: (1) The mIL-2R on surface of some T
cells can be restrained by HCV. (2) The degree of variation of
HCV is high, the hydrophilic peptid chain on core protein is
subjective to escape the attack of CTL and keep the infection
persist in chronic state. (3) The variant antigen of HCV can
not match the antibody produced. A lot of soluble interleukin-
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2 receptor (sIL-2R) can be released after replication of HCVRNA in PBMC so that the expression of mIL-2R was
restrained. It is not only a kind of manifestation of disorder
and low cellular immune to HCV but also one of reasons of
chronic hepatitis C. Some T cells receptor (TCR) on surface
of some Tc cells can combine with the complement (HCVMHC-I) and some perforation proteins can be released so that
many liver cells will be injured. The sIL-2R, a kind of restrained
factor, as well as mIL-2R all can combine with IL-2
competitively and induce infection of HCV from activity to
chronicity. With the inducement of PHA, the level of mIL-2R
in silence and inducement stages was obviously increased. This
result showed that the mIL-2R could be induced by PHA and
had strong compete ability against sIL-2R in serum.
After inducement of PHA, the level of mIL-2R of patients
in inducement stage was higher than that in silence stage, and
lower than that in normal controls (P<0.01). The results of our
study showed that the effect of PHA was infirm for patients
with hepatitis C and was similar to the reports published. The
level of mIL-2R in silence and inducement stages were higher
after treatment of alpha 2b interferon than that before treatment
of alpha 2b interferon (P<0.01). The active T cells and high
level of mIL-2R can be induced by alpha 2b interferon during
the treatment. The results showed that alpha 2b interferon not
only can induce the protein kinase and 2’, 5’AS but also
stimulate T cells and induce the effect of Tc cells against
infected cells.
In conclusion, some active T cells and mIL-2R can be
induced during the treatment of alpha 2b interferon. The
patients with viremia are sensitive to treatment of alpha 2b
interferon that have good effect on negative change of HCVRNA in PBMC and serum and anti-HCV in serum. If the
treatment time of alpha 2b interferon prolongs, the negative
rate of anti-HCV and HCV-RNA will increase simultaneously.
In treatment of HCV with alpha 2b interferon, the value of
negative change of HCV-RNA in serum alone is limited. In
well equipped hospital both HCV-RNA in serum and PBMC
can be examined at the same time.
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Abstract
AIM: To determine the prevalence of Helicobacter pylori
(H. pylori) infection, the serum anti-H. pylori immunoglobulin
G (IgG) and IgA antibody responses, and the value of clinical
presentations in diagnosis of H. pylori infection in patients
with gastric atrophy, intestinal metaplasia and dysplasia.
METHODS: H. pylori infection was detected by histology in
209 patients with mild chronic atrophic gastritis (CAG, n=76),
severe CAG (n=22), mild intestinal metaplasia (IM, n=22),
severe IM (n=58), or dysplasia (DYS, n=31). Serum antiH. pylori IgG and IgA were double sampled and evaluated
by enzyme-linked immunoadsordent assays. 35 clinical
presentations were observed and their relationship with H.
pylori infection was analyzed by the k-means cluster method.
RESULTS: Both IgG and IgA levels in H. pylori positive
patients were significantly higher than those negative for H.
pylori (P<0.001-0.01). The prevalence of H. pylori was highest
in severe IM (84.5 %), and lowest in mild CAG (51.3 %)
(P<0.01). They were similar in severe CAG (68.2 %), mild
IM (72.7 %), and DYS (67.7 %). In H. pylori positive patients,
the IgG levels in severe CAG were significantly higher than
those in mild CAG (P<0.01). In H. pylori negative patients,
both IgG and IgA levels increased remarkably in severe IM,
compared to those in mild IM (P<0.01-0.05). H. pylori infection
exhibited no association with patient’s gender (62.1 % in
males; 71.7 % in females) and age (r=0.0814, P=0.241).
The diagnostic accuracy based on 35 clinical presentations
was 65.7 %. It could be improved by 5.7 % when only the
assemblage of digestive symptoms were engaged, or by
8.6 % when the pathogenic factors, general status and
grossoscopy were combined. The diagnostic accuracy could
be decreased when only the general symptoms were
engaged, or when the pathogenic factors were accompanied
with some common digestive symptoms.
CONCLUSION: H. pylori infection is a major risk factor for
the process from atrophy, IM to DYS of gastric mucosa.
Serum IgG and IgA are good indicators to evaluate this

progress with a certain arrearage. Investigation on the
effective assemblages of clinical presentations may provide
a better understanding in the pathogenesis, diagnosis and
treatment for H. pylori infection.
Li S, Lu AP, Zhang L, Li YD. Anti-Helicobacter pylori
immunoglobulin G (IgG) and IgA antibody responses and the
value of clinical presentations in diagnosis of H. pylori infection
in patients with precancerous lesions. World J Gastroenterol
2003; 9(4): 755-758
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INTRODUCTION
The persistence or repeated infection of pathogenic factors in
the stomach may result in the chronic process of gastritis with
glandular atrophy (AT), intestinal metaplasia (IM), dysplasia
(DYS) and so on at different stages, which indicates diversiform
prognosis. The roles of immune reactions in Helicobacter
pylori (H. pylori) pathogenesis and chronic gastritis (CG) are
research areas of rapid progress[1-4]. It is now recognized that
the clinical detection of serum antibody is effective in
monitoring the H. pylori infection [5,6]. However, H. pylori
infection and the levels of serum anti-H. pylori immunoglobulin
antibodies at different stages of CG are not fully investigated.
Moreover, the complex clinical manifestations of H. pylori
infection and associated CG leads to a diagnostic and
therapeutic dilemma for CG[7].
To determine the prevalence of H. pylori infection, the serum
anti-H. pylori immunoglobulin G (IgG) and IgA antibody
responses, and the value of clinical presentations in diagnosis
of H. pylori infection in patients with gastric atrophy, intestinal
metaplasia and dysplasia a population-based investigation was
designed and a novel analytic method was proposed in this
work. The study also took a different perspective in assessing the
association between H. pylori infection and clinical presentations.
MATERIALS AND METHODS
Patients
A total of two hundred and nine patients with chronic gastritis,
who were diagnosed through gastroscopy and mucosal biopsy,
were included in the present study. All patients, who resided
in Shandong province, were investigated by the Institute of
Basic Theory, Chinese Academy of Traditional Chinese
Medicine from 1999 to 2001. Among them 103 were males
and 106 were females, aged from 45 to 72 with a mean age of
55 years old. Gastric biopsies were histologically evaluated
for activity and chronicity of gastritis, and the presence of AT
and/or IM according to the criterion of the visual analogue
scale in Sydney classification and grading of gastritis[8]. The
patients consisted of 76 with mild chronic atrophic gastritis
(CAG), 22 with severe (CAG), 22 with mild IM, 58 with severe
IM and 31 with DYS accompanied with mild IM. All patients
had not received any anti- H. pylori treatment.
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Diagnosis of H. pylori infection
Two hundred and nine specimens of gastric mucosa were
obtained from each patient via endoscopy. Gastric mucosa was
sampled from the area of greater curvature at gastric antrum,
and H. pylori was determined by pathological staining with
hematoxylin and eosin (HE) followed by Giemsa staining.
Under microscope, Helicobacter-like organisms can be
identified as a typical curve like S or C. They look like a short
bacilli or globular body with a slight curve.
Detection of anti-H. pylori IgG and IgA antibodies
Blood was sampled twice from patients. Enzyme-linked
immunoadsorbent assays (ELISA) were used to detect the
levels of serum anti-H. pylori IgG and IgA antibodies. The
test kits for the detection of anti-H. pylori -IgG and anti-H.
pylori -IgA were purchased from Bioseed Co., USA. The value
of the optical density (OD) was read by a microtiter plate reader
at 450 nm.
Clinical presentations observation
35 clinical presentations were observed as follows: (1)
Symptoms of the digestive system including appetite,
distending fullness in the stomach, stomachache, distending
fullness in the abdomen, pain in the hypochondrium, pain in
the abdomen, singultus, nausea, vomit, acid regurgitation and
epigastric upset, and heartburn; (2) General status including
ear, eye, physique, complexion, stool, urine, oropharynx, taste,
swollen, head, limbs, chest, hand and foot; (3) Spirit and
psychological status including spirit, sleep, and emotion; (4)
Glossoscopy including quality of tongue, body of tongue, and
fur of tongue and (5) Pathogenic factors including smoking,
alcohol, dietary bias, and dietary regularity. Each investigated
symptom consisted of two to four subordinate items.
Statistical analysis
A SPSS 10.0 statistical package program was used for data
analysis. The variables were processed by chi-square test,
student’s t test, ANVOA analysis, and bivariate correlate
analysis, where appropriate.
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k-means cluster analysis
The k-means cluster analysis method has been applied in many
areas including data mining, statistics, biology, and machine
learning, and so on[9]. In this study, the relationship between
the H. pylori infection and the 35 clinical presentations of
patients was analyzed by this method. The diagnostic accuracy
was obtained by the k-means algorithms. The distance between
clusters was further verified by an ANOVA test.
RESULTS
As shown in Table 1, the detected positive rates of H. pylori
varied were 72.7 % (16/22) in mild IM, 84.5 % (49/58) in severe
IM, 67.7 % (21/31) in DYS, 51.3 % (39/76) in mild CAG, and
68.2 % (15/22) in severe CAG, respectively. Analyses of chisquare test showed that the detected positive rates of H. pylori
were similar in mild IM, mild CAG, DYS, and severe CAG
groups. The H. pylori positive rate in severe IM group was
statistically higher than those in other groups (all P<0.01).
Table 2 shows the detective positive rates of H. pylori for
the CG patients in relation to gender and age. There was no
significant difference between the male (62.1 %, 64/103) and
the female patients (71.7 %, 76/106) (P>0.05). The H. pylori
infection rate was highest in the ages from 42 to 49 (59/80,
73.8 %). However, the ANVOA analysis showed that there
was no significant difference among four groups with different
ages (P>0.05). Bivariate correlation analysis also indicated that
the detected positive rate of H. pylori was not remarkably
associated with the age of patients (r=0.0814, P=0.241).
Table 3 lists the levels of serum anti- H. pylori IgG and
IgA at different statge of CG. Both serum anti- H. pylori IgG
and IgA levels were remarkably higher in H. pylori positive
patients than those negative for H. pylori (P<0.001-0.01). In
H. pylori positive patients the IgG level was significantly
greater in severe CAG than in mild CAG (P<0.01). In H. pylori
negative patients both the serum IgG and IgA levels increased
significantly in severe IM, compared to those in mild IM
(P<0.01-0.05). There was no significant difference in IgG and
IgA levels between mild and severe IM in the presence of
H. pylori infection (P>0.05).

Table 1 The detected positive rates of H. pylori at different stages of CG
H. pylori

Mild CAG

Severe CAG

Mild IM

Severe IM

DYS

Total

Number
Positive %
Negative %

76
39 (51.3%)
37 (48.7%)

22
15 (68.2%) a
7 (31.8%)

22
16 (72.7%)
6 (27.3%)

58
49 (84.5%)b
9 (15.5%)

31
21 (67.7%)
10 (32.3%)

209
140
69

CAG, chronic atrophic gastritis; IM, intestinal metaplasia; DYS, dysplasia. aP<0.05, bP<0.01, mild IM vs severe IM; mild CAG vs.
severe CAG.
Table 2 The detected positive rates of H. pylori for CG patients in relation to gender and age
Males

Females

70-77 years old

103
64 (62.1%)
39 (37.9%)

106
76 (71.7%)
30 (28.3%)

16
10 (62.5%)
6 (37.5%)

H. pylori
Number
Positive (%)
Negative (%)

60-69 years old
47
32 (68.1%)
15 (31.9%)

50-59 years old

42-49 years old

66
39 (59.1%)
27 (40.9%)

80
59 (73.8%)
21 (26.2%)

Table 3 Comparison of serum anti-H. pylori IgG and IgA levels (the optical density value) at different stages of CG
Mild CAG

IgG(1)
IgG(2)
IgA(1)
IgA(2)

Severe CAG

Mild IM

Severe IM

H. pylori
(+)

H. pylori
(-)

H. pylori
(+)

H. pylori
(-)

H. pylori
(+)

H. pylori
(-)

H. pylori
(+)

2.86±1.8b
3.26±2.16b
0.85±0.7b
0.96±0.83b

0.38±0.27
0.46±0.24
0.24±0.22
0.25±0.21

4.48±2.14bc
4.52±3.27a
0.99±0.49b
1.08±0.59a

0.53±0.27
0.54±0.29
0.21±0.16
0.27±0.16

3.86±1.87b
4.44±2.56b
0.83±0.39b
0.99±0.72a

0.14±0.07
3.1±2.34a
0.3±0.18
3.5±1.98b
0.1±0.06 0.93±0.79
0.12±0.07 0.89±0.63a

H. pylori
(-)
0.55±0.29d
0.54±0.29
0.33±0.16d
0.32±0.19d

DYS
H. pylori
(+)

H. pylori
(-)

2.74±1.67b
3.33±1.87b
0.94±0.89b
0.78±0.6b

0.23±0.17
0.72±0.97
0.13±0.13
0.15±0.13

CAG, chronic atrophic gastritis; IM, intestinal metaplasia; DYS, dysplasia. (1) The first detection. (2) The second detection. aP<0.01,
P<0.001, H. pylori (+) vs. H. pylori (-). cP<0.05, H. pylori (+) mild CAG vs. H. pylori (+) severe CAG; dP<0.05, H. pylori (-) mild IM vs.
H. pylori (-) severe IM.
b
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Table 4 Diagnostic accuracy of H. pylori infection determined by different assemblages of symptoms
Attributes

Assemblages of symptoms

Pathogenic factors
and general status
Pathogenic factors,
general status and tongue
Pathogenic factors and
digestive symptoms
Digestive symptoms
Digestive symptoms
and tongue
General status
Total symptoms

Accuracy (%)
H. pylori (+)

H. pylori (-)

Smoking, alcohol, limbs, hand and foot (alla)

70.7%

42.3%

Smoking, alcohol, dietary regularity, limbs, and tongue quality (alla)

74.3%

39.1%

Smoking, alcohol, limbs, hand and foot, distending fullness in the stomach,
stomachache, distending fullness in the abdomen, and nausea (alla)
Appetite, distending fullness in the stomach, stomachache, distending fullness
in the abdomen, pain in the hypochondrium, pain in the abdomen, singultus,
nausea, vomit, acid regurgitation and epigastric upset, heartburn, and stool (alla)
Distending fullness in the stomach, stomachache, pain in the abdomen,
nausea, and fur of tongue (alla)
Taste, swollen, head, limbs, chest, hand and foot, spirit and sleep,
emotion, complexion (alla)
35 itemsb

51.4%

52.2%

71.4%

26.1%

72.1%

26.1%

50.7%

40.6%

65.7 %

40.6 %

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

Table 4 shows the diagnostic accuracy of H. pylori infection
determined by different assemblages of clinical presentations.
The overall diagnostic accuracy based on 35 presentations was
65.7 %. It could be improved by 5.7 % when the only digestive
symptoms were engaged, or by 8.6 % when further information
were referred such as the assemblage of pathogenic factors
(smoking, alcohol), general status (tired limbs), and tongue
observation according to the traditional Chinese medicine
(TCM) method. However, the diagnostic accuracy could be
decreased by the improper assemblages such as the general
symptoms only, the pathogenic factors accompanied with some
common digestive symptoms (distending fullness in the
stomach, stomachache, distending fullness in the abdomen,
and nausea) which had no special significance for the positive
or negative H. pylori.

DISCUSSION
An increasing number of studies support a close relationship
between H. pylori infection and CG, as previous described.
However, the correlation between H. pylori infection, serum
antibody and clinical symptoms at different stages of CG has
not been well investigated so far. The chi-square test results in
Table 1 show that the detected positive rates of H. pylori
increase significantly in patients with mild CAG (51.3 %, 39/
76), DYS and mild IM (67.7 %, 21/31), severe CAG (68.2 %,
15/22), and mild IM (72.7 %, 16/22). They reach the highest
value in patients with severe IM (84.5 %, 49/58) (P<0.01).
However, H. pylori infection exhibited no remarkable
association with patient’s gender (62.1 % in males; 71.7 % in
females) and age (r=0.08, P=0.241).
It has been reported that the adherence of H. pylori may
play an important role in the pathogenesis of severe histological
changes in CAG[10], IM[11] and DYS[12]. Our investigation further
explored the statistic probability of H. pylori infection at different
stages of CG. Based on these, we suggest that H. pylori infection
may be the key factor in accelerating the occurrence and
development of CG, since H. pylori is a pathogenic bacterium
that can adhere to gastric mucosa until the atrophy and intestinal
metaplasia occurring in the course of CG.
A mostly pathological mechanism of H. pylori infection is
the immunopathological response of host. When CG occurs, a
detectable specific humoral immunological response will be
established. The appearance of serum antibodies such as IgG
and IgA may indicate an extensive immunoreaction causing
by H. pylori infection. The serum anti-H. pylori -IgG antibody,

therefore, acts as a highly accurate, simple and noninvasive
method in monitoring the status of H. pylori infection[5, 13]. In
our study, both serum anti-H. pylori IgG and IgA are remarkably
higher in H. pylori positive patients than those negative for
H. pylori (P<0.001-0.01). On the one hand, in the presence of
H. pylori infection the IgG level in severe CAG increased
significantly, compared to those in mild CAG (P<0.01). These
imply that the serum anti-H. pylori IgG and IgA are appropriate
indicators to evaluate the status of H. pylori infection in the
process of CG. On the other hand, in absence of H. pylori
infection both serum IgG and IgA are significantly greater in
severe IM than those in mild IM (P<0.01-0.05), whereas no
significant difference (P>0.05) was observed between mild
and severe IM in the presence of H. pylori infection. The
increase of antibody may be due to the reminiscence of H.
pylori infection, resulting in a certain arrearage between serum
antibody and H. pylori. It is reported that the IgA response of
gastric mucoa in CG patients can be detected even in the
quiescent period of negative H. pylori infection due to the recent
exposure to the bacterial antigens[6].
The clinical situations of CG patients are intricate. They
are divergent by the pathological changes of gastric mucosa,
and are affected by environmental factors[14, 15]. By means of
the cluster analysis method, we found that the proper
assemblages such as digestive symptoms, pathogenic factors
(smoking, alcohol), general status (tired limbs), and the tongue
could improve the diagnostic accuracy of H. pylori infection.
However, the improper assemblages, such as the general
symptoms only, or the pathogenic factors accompanied with
some common digestive symptoms decreased the diagnostic
accuracy. A preferable symptomatic assemblage has been
proposed in the present study. Based on this, the diagnostic
accuracies of up to 74.3 % and 40.5 %, respectively, for
positivity and negativity of H. pylori infection have been
obtained. It has been demonstrated clinically that smoking,
alcohol[16] and the tongue change[17] are pathogenic factors
for the H. pylori infection. Our study indicates that the
symptomatic assemblages rather than an individual factor are
closely related to the clinic significance of H. pylori infection.
Furthermore, it has been known that the validity of CG
treatment in traditional Chinese medicine (TCM) is based on
the differentiation of symptom-complexes [18, 19] . Our
investigation suggests that H. pylori-related symptomatic
assemblages can be taken into consideration in practicality
and methodology during the diagnoses and treatment of CG.
More effective symptomatic assemblages and their effects
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on H. pylori infection are still required.
In conclusion, the early genesis and further progression of
CG are associated with H. pylori infection, which can be
characterized by the increase of serum anti-H. pylori IgG and
IgA with a certain arrearage. Due to the intricate clinical
situation of CG, effective symptomatic assemblages are
required in diagnosing H. pylori infection.
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Abstract
AIM: To study the effects of liver specific antigen (LSA) on
the immunoreaction of liver allotransplantation and its
significance.
METHODS: Orthotopic liver transplantation was used in
this study. Group I: syngeneic control (Wistar-to-Wistar);
Group II: acute rejection (SD-to-Wistar). Group III: acute
rejection treated by intramuscular injection of cyclosporine
A (CsA) (SD-to-Wistar+CsA). Group IV: Intrathymic
inoculation of SD rat LSA one week before transplantation
(LSA+SD-to-Wistar). The common situation and survival
time, rejection grades, NF-κB activity of splenocytes and
intragraft cytokine gene expression were observed to
analyze the acute rejection severity and immune state of
animals.
RESULTS: The common situation of Wistar-to-Wistar group
was very good after the transplantation and no signs of
rejection were found. Recipients of SD-to-Wistar group lost
body weight progressively. All died within 9 to 13 days after
transplantation with the median survival time of 10.7±0.51
days. It was an optimal control for acute rejection. The
common situation of SD-to-Wistar+CsA group was bad
during CsA medication but only with mild rejection. As for
LSA+SD-to-Wistar group, 5 of 6 recipients survived for a
long time and common situation was remarkably better than
that of SD-to-Wistar group and SD-to-Wistar+CsA group.
Its rejection grades were significantly lower than that of
SD-to-Wistar group (P=0.026). Furthermore, no significant
discrepancies of rejection were found between SD-to-Wistar
group and LSA+SD-to-Wistar group at day7 and day12
(P=0.067). NF-κB activity, IFN-γ and IL-2mRNA expression
were significantly inhibited in LSA+SD-to-Wistar group
compared with that of SD-to-Wistar group (P<0.05).
CONCLUSION: LSA is an important transplantation antigen
which involves in the immunorejection of liver transplantation
directly. We reported for the first time that intrathymic
inoculation of LSA can induce immnotolerance of liver
allotransplantation and grafts can survive for a long time
thereby, thus leading to a novel way to liver transplantation
immunotolerance.

Jia CK, Zheng SS, Li QY, Zhang AB. Immunotolerance of liver
allotransplantation induced by intrathymic inoculation of donor
soluble liver specific antigen. World J Gastroenterol 2003; 9
(4): 759-764
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INTRODUCTION
Although MHC-antigens have been extensively studied, the
problem of rejection in liver transplantation was not resolved
completely. Liver transplantation are not strict for HLA
matching and both grafts and recipients can survive for a long
time after immunotherapy[1]. On the other hand, given HLA
multiple loci matching in some cases, the likelihood of grafts
dysfunction and rejection increased, which suggested that
matching for HLA type may exert a dualistic effect on liver
transplantation[1,2]. No satisfactory explanations have been
made about it up to date; and most studies were limited to
HLA antigens themselves with the results still remaining
controversial.
The specific antigens expressed only in liver cell membrane
or liver cytoplasma and encoded by loci not linked to the MHC
gene were called liver specific antigen (LSA). It was reported
that this antigen could be detected in sera of almost all liver
allotransplantation recipients but its effects remained unknown
yet[3]. Thus in this experiment, we aimed to find whether LSA
was an transplantation antigen and its possible mechanism of
inducing the tolerance of liver allotransplantation using
intrathymic LSA inoculation pathway. And the roles of LSA
in thymus tolerance were discussed in this research too.
MATERIALS AND METHODS
Materials
Inbred male Wistar and male SD rats weighing 200 to 250 g
were purchased from Shanghai Experimental Animal Center;
there were also materials used in this study as following: [γ32
P]ATP (Furui bioengineering Corp, Beijing); EMSA assay
kit (Promega); NF-κB double stranded oligonucleotide, 5’AGTTGAGGGGACTTTCCCAGGC-3’, 3’TCAACTCCCCTGAAAGGGTCCG-5’ (Santa Cruz), NF-κB
double stranded mutant oligonucleotide, 5’-AGTTGAGGCGACTTTCCCAGGC-3’, 3’-TCAACTCCGCTGAAAG
GGTCC G-5’(Santa Cruz); TRIzol Reagent (Gibco, BRL);
MuLV (MBI, Fermentas); Ultracentrifugator (Beckman);
CHRIST lyophilizer (B.Braun Biotech).
Methods
Isolation of LSA Preparation of liver specific protein S100
was carried out by the method previously described[4]. The
protein contents was measured according to the method of
Bradford. Then the protein was lyophilized by CHRIST
lyophilizer and stored at -80 .
Surgical procedure, experimental groups and sample
harvesting Rats were anesthetized with ether inhalation.
Orthotopic rat liver transplantation was performed by
Kamada’s two-cuff technique[5]. The animals surviving less
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then 3 days after the transplantation were attributed to technical
errors and were excluded from this study. Wistar rats serving
as recipients were randomly divided into four groups, Group I:
syngeneic control (Wistar-to-Wistar); Group II: acute rejection
(SD-to-Wistar); Group III: acute rejection treated with
intramuscular injection of CsA 3.0 mg/kg/d (SD-toWistar+CsA); Group IV: Intrathymic inoculation of 10 mg SD
rat LSA one week before transplantation (LSA+SD-to-Wistar).
All groups were subdivided into day 1, 3, 5, 7, 12 subgroup
(n=3 each) after the transplantation respectively for sample
harvesting and another subgroups (n=6) for observation of
common situation and survival time. For observation of
common situation and survival time in Group III, after the
therapy of CsA for 12 days, animals received no additional
immunosuppression. Graft specimens were harvested to
determine morphological changes and cytokine gene
expression. Recipient splenocytes were isolated and the NFκB activity were determined.
Histopathological examination Grafted liver samples were
fixed in 10 % buffered formalin and embed in paraffin. Five
micrometers think sections were affixed to slides,
deparaffinized, and stained with hematoxylin and eosin to
assess morphologic changes and severity of acute rejection by
the Kemnitz’s standard[6].
Cytokine reverse transcription-polymerase chain
reaction Primer sequences and reaction conditions: Primers
sequences used were as follow: IL-2 sense primer, 5’GACGCTTGTCCTCCTTGT CA-3’, IL-2 antisense primer,
5’-ACCACAGTTGCTGGCTCATC-3’ (size3 72bp); IFN-γ
sense primer, 5’-ACTGCCAAGGCACACTCATT-3’, IFN-γ
antisense primer, 5’-AGGTGCGAT TCGATGACACT-3’
(size 235bp); β-actin sense primer, 5’-TCGTACCA
CTGGCATTGTGA-3’, β-actin antisense primer, 5’TCCTGCTTGCTGATCCACAT-3’ (size 645bp).
Amplifications were performed under the following conditions:
95 for 2 minutes, 94 for 45 seconds, 56
for 45 seconds,
72 for 45 seconds, totally 32 cycles. The final extension
step was performed by one cycle at 72
for 10 minutes.
Reaction buffer: 10×Buffer 2.5 µl, 10 mM dNTP 1 µl, MgCl
2 µl, cDNA 2 µl and 1 µl of each primer, ddH2O was added to
get the final volume of 25 µl. RT-PCR: Total RNA was
prepared from grafted liver with TRIzol Reagent according to
the manufacturer’s recommendations. For cDNA synthesis,
4 ug total RNA was reverse transcribed with MuLV reverse
transcriptase according to the manufacturer’s recommendations.
Two microliters from the resulting cDNA solution were then
amplified using specific oligonucleotides under the reaction
conditions using β-actin as a “housekeeping gene” in a volume
of 25 ul PCR buffer. Reaction products were run by
electrophoresis on a 1.5 % agarose gel for 30-40 min at 100 V
in 0.5×Tris/borate/EDTA buffer, and visualized with ethidium
bromide under UV light. Relative expression of cytokines were
defined as optical density ratio (cytokine/β-actin) analyzed by
Kodak digital science scanning system.
NF-κB activity of splenocytes and EMSA competitive
inhibition NF-κB activity was detected by gel electrophoretic
mobility shift assay (EMSA): Splenocytes of recipients were
isolated and nuclear extracts were prepared according to the
method described by Kravchenko[7]. The contents of protein
were determined by the method of Bradford. NF-κB
oligonucleotide was end-labeled with [γ-32P]ATP according
to the manufacturer’s recommendations. For EMSA, 10 ug of
each nuclear extract was mixed with 5×binding buffer at room
temperature for 10 min. Then 1 ul [γ-32P] ATP -labeled double
strand NF-κB oligonucleotide probe was added in and
incubated at room temperature for 20 min. The DNA/protein
complex was electrophoresed on 4 % nondenaturing
polyacrylamide gels in 0.5×Tris/borate/EDTA buffer to
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separate probe binding to NF-κB and free probe. Radioactive
bands were detected by autoradiography at -70
followed
by radiography to detect the level of retardation. The results
were expressed as relative optical density (ROD)[8]. To study
whether the method of EMSA was specific, standard nuclear
extract of Hela cells was used to bind with NF-κB protein.
The specificity of binding was confirmed by 100 fold excess
unlabeled NF-κB oligonucleotide as a specific competitor, 100
fold excess unlabeled non-related oligonucleotide as a
nonspecific competitor and 100 fold excess unlabeled mutant
NF-κB oligonucleotide as a mutant competitor. All unlabeled
oligonucleotides were preincubated with Hela nuclear extract
at room temperature for 10 min then labeled NF-κB
oligonucleotide was added. The left steps were the same as
mentioned above.

Statistics analysis
All data were expressed as mean ±SD and analyzed by oneway repeated measures analysis of variance (ANOVA) using
SPSS software (version 11.0 for windows). Pearson correlation
analysis was used between parameters. P<0.05 was considered
as statistically significant.
RESULTS
Postoperative common situation and survival time
The common situation of rats in the Wistar-to-Wistar group was
very good after the transplantation. Recipients drank normally
after 3rd day of posttransplantation. Normal coat recovered at
day 7 with increase of body weight and all recipients survived
for a long time. Recipients of rats in the SD-to-Wistar group ate
badly with tarnished coat and progressive loss of body weight;
all died within 9 to 13 days after the transplantation; median
survival time was 10.7±0.51 days. Although 5 of 6 recipients of
rats in the SD-to-Wistar+CsA group survived for a long time
(one dead from abdominal inflammation and liver abscess day
on 14 after the transplantation), they also drank badly with
tarnished coat and ceased increase of body weight during CsA
medication, which recovered after the cease of drug treatment.
As for the LSA+SD-to-Wistar group, 5 of 6 recipients survived
for a long time (one dead of bile duct obstruction on day 15
after the transplantation) and their common situation were
remarkably better than that of rats in the SD-to-Wistar group
and SD-to-Wistar+CsA group.
Histopathologic examination
No signs of rejection were found at any time point in the Wistar
-to-Wistar group with minimal portal inflammatory infiltrates.
In the SD-to-Wistar group, a few portal lymphocyte infiltrations
combined with minimal vein endothelialitis on day 1 was found
but there was no evidence of rejection. Significant portal
lymphocyte infiltration with degeneration of hepatic
parenchyma in some cases can be found on day 3 and day 5
with average rejection grade of 1.83 and 2.67, respectively.
Severe inflammatory cells infiltration, severe vein
subendothelialitis with bridging hepatocellular necrosis could
be found on both day 7 and day 12 with rejection grade of
2.87 and 3, respectively. Owing to the immunosuppressive
effect of CsA, rejection was greatly inhibited in the SD-toWistar+CsA group. No evidence of rejection was found at the
first three time points. But mixed inflammatory infiltration and
endothelialitis could be found on day 7 and day 12, in which
grade 1 rejection was diagnosed. As for the LSA+ SD-to-Wistar
group, rejection grades was 0 and 1 on day 1 and 3, respectively.
Mixed but mainly lymphocytic infiltration was found in both
portal tract and parenchyma without focal necrosis of the
hepatic parenchyma on day 5, 7 and 12. Thus their rejection
grades were all defined as 1.25 which were significantly lower

than that in the SD-to-Wistar group (P=0.026). Furthermore,
no significant discrepancies of rejection grades on day7 and
day 12 were found between the the SD-to-Wistar+CsA group
and LSA+SD-to-Wistar group (P=0.067) (Figure 1).
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Figure 4 EMSA specific competitive inhibition. Lane 1, negative control; Lane 2, positive control; Lane 3, specific
competition; Lane 4, non-specific competition; Lane 5, mutant
competition.
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Figure 2 The kinetic change of intragraft IL-2mRNA expression in different groups. I, Wistar-Wistar group; II, SD-Wistar
group; III, SD-Wistar+CsA group; IV, LSA+SD-Wistar group;
IL-2mRNA expression of group IV were significantly lower
than that in group II at all time point (P<0.05).
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Figure 3 The kinetic change of Intragraft IFN-γ mRNA expression in different groups. I, Wistar-Wistar group; II, SDWistar group; III, SD-Wistar+CsA group; IV, LSA+SD-Wistar
group; IL-2mRNA expression of group IV were significantly
lower than that in group II at all time point (P<0.05).

Figure 1 Rejection grades of grafted liver in different groups.
Data were expressed as mean±SD. I, Wistar-Wistar group; II,
SD-Wistar group; III, SD-Wistar+CsA group; IV, LSA+SDWistar group; Rejection grades of group IV were significantly
lower than that in groupII at all but day 1 time point. No significant discrepancies were found between groupIV and
groupIII on day 7 and day 12 time points. aP<0.05 vs groupII,
b
P>0.05 vs group III.

Expression of cytokine gene
The kinetic changes of intragraft IL-2 mRNA expression in
different groups were shown in Figure 2: no expression was
detected at any time point in the Wistar-to-Wistar and the SDto-Wistar+CsA group, whereas high level expression was
detected at all time points in the SD-to-Wistar group and
reached to the peak on day 7 and 12 after the transplantation
(P<0.001, vs the Wistar -to-Wistar group). Low level expression
was only detected on day 5 in the LSA+SD-to-Wistar group
which was significantly lower than that in the SD-to-Wistar
group (P<0.001). Intragraft IFN-γ mRNA expression in
different groups was shown in Figure 3. Very weak IFN-γ
mRNA expression was detected at any time point in the Wistarto-Wistar group after the liver transplantation, whereas there
was very strong expression in the SD-to-Wistar group at all
time points (P=0.006, vs the Wistar -to-Wistar group). The
expression of IFN-γ mRNA was significantly inhibited in the
SD-to-Wistar+CsA group which was significantly lower than
that in the SD-to-Wistar group (P<0.001). As for group IV, its
kinetic change was similar to that in the SD-to-Wistar group
but was significantly lower than that in the SD-to-Wistar group
at any time points (P=0.046). Expression of IL-2 and IFN-γ
mRNA was correlated to the histopathological damage.
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Figure 5 NF-κB activity of splenocytes at different time points
after the transplantation. A, Wistar-Wistar group; B, SD-Wistar
group; C, SD-Wistar+CsA group; D, LSA+SD-Wistar group;
E, the kinetic change of NF-κB activity. NF-κB activity of group
IV were significantly lower than that in group II at all time
point (P<0. 05).
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EMSA specific competitive inhibition and NF-kB activity of
splenocytes
The results of EMSA competitive inhibition showed that no
NF-κB activity was found after the specific competition,
whereas NF-κB activity was the same as the positive control
after the nonspecific competition and mutant competition
(Figure 4). This results showed that this method was specific.
NF-κB activity of splenocytes in Figure 5 showed the
autoradiographic results of splenocyte NF-κB DNA binding
activity in different groups (A, B, C, D). Low NF-κB activity
was only detected on day 5 and day 7 in the Wistar-to-Wistar
syngeneic group after the transplantation. In contrast, NF-κB
activity increased from day 3 after the transplantation in the
SD-to-Wistar group and was significantly higher than that in
the syngeneic group at all time points (P=0.001). Only very
weak DNA binding activity was found on day 12 in the SDto-Wistar+CsA group and NF-κB activity was also inhibited
in the LSA+SD-to-Wistar group which was significantly lower
than that in the SD-to-Wistar group (P=0.003). NF-κB activity
was significantly inhibited in the SD-to-Wistar+CsA and
LSA+SD-to-Wistar group (Figure 5E).
Correlation analysis
A good correlation was found between the activity of NF-κB
and intragraft IL-2 as well as IFN-γ mRNA expression in this
study (pearson correlation analysis, r=0.737 and r=0.742
respectively, P<0.01,n=20). While intragraft IL-2 and IFN-γ
mRNA expression were correlated to histopathological damage
(pearson correlation analysis, r=0.856 and r=0.680
respectively, P<0.01,n=20).
DISCUSSION
Allotransplantation tolerance can be induced by intrathymic
inoculation of donor cellular antigen [9-12] , and also by
intrathymic inoculation of donor soluble MHC antigen[13-15].
However, intrathymic inoculation of donor soluble non-MHC
antigen have not been reported heretofore. In this study, we
inoculated donor LSA into recipient thymus before the liver
transplantation so that rejection was greatly inhibited. Only
mild rejection was found in grafts and was significantly lower
than that in the non-LSA inoculated group and similar to that
in the CsA treated group. Recipients survived for a long time
due to the induction of immunotolerance.
Although the rejection grades in the LSA+SD-to-Wistar
group was increased obviously from day 3 and peaked at day
5 after transplantation, there was no significant difference
between time points except for day 1 (P>0.05). This rejection
kinetic change in the LSA+SD-to-Wistar group was similar to
that in the Wistar -Wistar group and was significantly lower
than that in the SD-to-Wistar group (P=0.026). Furthermore,
the rejection grades in the LSA+SD-to-Wistar group did not
significantly differ from that in the SD-to-Wistar+CsA group
on day 7 and day 12 time point after the transplantation
(P=0.067), which showed that intrathymic inoculation of LSA
could greatly alleviate rejection. However, rejection in the SDto-Wistar group was increased continuously and the rejection
grade on day 3 after the transplantation was significantly
different from its peak one (P<0.05). It was an optimal acute
rejection control. As for the SD-to-Wistar+CsA group, rejection
was greatly suppressed due to the effect of CsA and recipients
survived for a long time, which was consistent with previous
reports[16]. The rejection grades in all but SD-to-Wistar+CsA
group was increased rapidly within groups when compared
with that on day 1 after the transplantation (Figure 1) showed
that the high immunoresponses starting from day 3 to day 5
after the transplantation was the “rejection crisis” phase[17].
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Rejection crisis phase in the SD-to-Wistar+CsA group was
postponed to start from day 5 to day 7 after the transplantation
due to the strong immunosuppressive effect of CsA.
Meanwhile, that rejection grades was not increase on day 7
after the transplantation both in the SD-to-Wistar+CsA group
and LSA+SD-to-Wistar group and recipients survived for a
long time suggested that the pathological damage in these two
groups may be “self-limited”. Given longer harvesting time
point, more could probably be found.
For the expression of IL-2mRNA, the most related cytokine
to rejection, detected using RT-PCR in grafts, low level
expression was only detected on day 5 in the LSA+SD-toWistar group and it was significantly lower than that in the
SD-to-Wistar group (P<0.001) (Figure 2). Although the
expression of IFN-γ mRNA, another important cytokine to
rejection, was slightly higher than that in the Wistar-to-Wistar
group (P=0.427), it was also significantly inhibited in the
LSA+SD-to-Wistar group (P<0.046,vs SD-to-Wistar group)
(Figure3). IL-2 and IFN-γ are the representative cytokines
secreted by Th1 cells which play important roles in transplant
rejection[18-20]. Both intragraft IFN-γ mRNA and protein were
increased when grafts were rejected [21,22]. IFN-γ not only
increases expression of MHC class I and class II antigens of
intragraft, but stimulates cells without expression of MHC
class II antigens at quiescent state to express MHC class II
antigens[23]. Thus inhibiting the synthesis and secretion of IL2 and IFN-γ is one of the mainly target for preventing
transplantation rejection all the while.
As an important nuclear transcription factor, NF-κB is a
specific sequence binding protein which can bind to promoters
or enhancers of multiple genes including closely related
cytokines and adhesion molecules to organ transplantation
rejection[24], thus extensively regulating the expression of these
genes. Apart from that the change of NF-κB activity exerts crucial
effects on the proliferation and activation of immune cells, NFκB is also an important antiapoptotic nuclear factor[25,26]. So the
change of NF-κB activity may play a crucial role in the
immunoresponses and directly influence the immunoreaction
after the transplantation. In its quiescent state, NF-κB is
localized in cytoplasm in a complex with its inhibitory proteins
(IκBs)[27,28], which mask its nuclear localization signal and
prevent its from translocation to the nucleus. NF-κB is activated
through phosphorylation and IκBs is subsequently degraded
and then translocated into nucleus to bind with specific DNA
sequences to regulate the expression of related genes[26]. NFκB regulates the transcription of IL-2 mRNA through binding
to its binding sites in down-stream of IL-2 gene promoter. It
has been demonstrated in vitro that activated NF-κB can
directly result in high level expression of IL-2 mRNA and
promote the proliferation and activation of T lymphocyte[29].
IFN-γ gene belongs to lymphokine gene family and is related
to transplantation rejection. Its transcription parallels that of
other lymphokine genes such as IL-2 whose promoter activity
can be enhanced by NF-κB protein[30,31]. In this regard, the
ubiquitous factor NF-κB controlling a number of cytokines
may have roles in the transcription of IFN-γ gene. It has also
been demonstrated that NF-κB interacts with NF-AT to
coregulate the gene expression of IFN-γ in vitro[32] but not in
vivo especially in the organ transplantation rejection. We used
rat orthotopic liver transplantation model to study the
relationship between the activity of NF-κB and the expression
of IL-2 and IFN-γ mRNA and its mechanisms with or without
CsA and LAS treatment. A good correlation was found between
the activity of NF-κB and the expression of intragraft IL-2 as
well as IFN-γ mRNA in this study (pearson correlation analysis,
r=0.737 and r=0.742 respectively, P<0.01, n=20). While the
expression of intragraft IL-2 and IFN-γ mRNA were correlated
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to the histopathological damage (pearson correlation analysis,
r=0.856 and r=0.680 respectively, P<0.01, n=20). Thus it is
believable that allotransplantation rejection is partly due to the
activation of NF-κB at least. Both CsA and intrathymic
inoculation of donor LSA can inhibit the activity of NF-κB
and further inhibit the expression of IL-2 and IFN-γ mRNA
and rejection after the transplantation.
We preliminarily discuss the specific tolerance mechanisms
induced by LSA: T lymphocytes recognition process of tissue
specific antigens is MHC-restricted which includes direct and
indirect recognition and the latter is the main one. In this
experiment, before the transplantation, protein antigen was used
to inoculate recipient thymus. No APC and MHC molecules
of donor existed, so the recognition of LSA should be indirect.
Modern immunology believes that TCR recognizes neither
MHC molecules nor antigen peptides alone. What it recognizes
is surface information of MHC-antigen peptides complex. So
it is believed that although LSA is organ specific, space
conformation, electric charge qualities and distributions of
MHC-antigen peptides complex are not the same due to its
polymorphism, thus activating allolymphocytes[33]. But large
numbers of activated lymphocytes may be clonally deleted due
to high dose antigen immunization, which coincides with the
“high-dose/activation- associated tolerance” mechanism[34]; In
addition, thymus reeducation may also be one of the
mechanisms of this tolerance.T lymphocytes of recipient
recognize donor LSA as self by reeducation mechanism.
Therefore it was postulated that given multiple MHC loci
matching, the processing ability of tissue specific antigens by
recipient MHC molecules will be enhanced or be equal to that
of by donor’s, thus bring about indirect recognition of T
lymphocytes changing into direct recognition and increasing
the occurrence of hepatopathy and rejection after the
transplantation. This may be one of the reasons why mutiple
MHC loci matching, especially DR matching, can increase the
rates of grafted liver dysfunction and rejection[1,2]. This may
be just as what Desquenne postulated that it should make it
easier to induce tolerance of skin antigen as well as other tissue
specific antigen when MHC incompatibilities prevail [35].
Besides, special attention must be paid to the LSA+SD-toWistar group. The common situation of recipients without any
transient immunosuppression were much better than that in
the non-LSA or CsA-treated group and no such complications
as inflammations happened. It showed that the tolerance did
not result from down-regulation of body’s immunofunction, in
contrast recipients’ immunuofunction was normal. This is
perhaps the optimal condition to induce donor specific tolerance
and do not affect body’s immunofunction. Reasonable
explanation is that strong immunoreaction towards to liver
parenchymal cells happened when transplanted liver was
rejected. Thus the tolerance induced by LSA is towards to
hepatocytes and is in real sense a donor and organ specific one.
The results of this experiment not only demonstrated that
thymus had unusual effects on the tolerance induction, but also
that allotolerance to non-MHC antigen can be induced after
contacting of thymus microenvironment to non-MHC antigen.
It may suggest that if immunodominant character or
immunodominant non-MHC antigens were identified,
differences of other MHC and non-MHC antigen may be
neglected, thus leading to long-term allografts survival across
complete MHC barrier. It also suggested that MHC antigens
may be not the only obstacles to successful transplantation. It
is reported here for the first time that intrathymic inoculation
of LSA can induce permanent and specific immunotolerance of
liver allotransplantation, which show that hepatocytes are directly
involved in the immunoreaction of liver transplantation. It’s an
important supplement to the traditional theory of liver
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transplantation rejection which considers that rejection is
mainly involved in liver vascular bed, bile ducts and
nonparenchymal cells, thus leading to a novel way to liver
transplantation immunotolerance.
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Abstract
AIM: To investigate the expression of growth hormone
receptor (GHR) and mRNA of GHR in cirrhotic livers of rats
with the intension to find the basis for application of
recombinant human growth hormone (rhGH) to patients with
liver cirrhosis.
METHODS: Hepatic cirrhosis was induced in SpragueDawl ey rats b y ad min istration o f th ioace tami de
intraperitoneally for 9-12 weeks. Collagenase IV was
perfused in situ for isolation of hepatocytes. The expression
of GHR and its mRNA in cirrhotic livers was studied with
radio-ligand binding assay, RT-PCR and digital image
analysis.
RESULTS: One class of specific growth hormone-binding
site, GHR, was detected in hepatocytes and hepatic tissue
of cirrhotic livers. The binding capacity of GHR (RT, fmol/mg
protein) in rat cirrhotic liver tissue (30.8±1.9) was significantly
lower than that in normal control (74.9±3.9) at the time
point of the ninth week after initiation of induction of cirrhosis
(n=10, P<0.05), and it decreased gradually along with the
accumulation of collagen in the process of formation and
development of liver cirrhosis (P<0.05). The number of
binding sites (×104/cell) of GHR on rat cirrhotic hepatocytes
(0.86±0.16) was significantly lower than that (1.28±0.24)
in control (n=10, P<0.05). The binding affinity of GHR among
liver tissue, hepatocytes of various groups had no significant
difference (P>0.05). The expression of GHR mRNA (riOD,
pixel) in rat cirrhotic hepatic tissues (23.3±3.1) was also
significantly lower than that (29.3±3.4) in normal control
(n=10, P<0.05).

CONCLUSION: The growth hormone receptor was
expressed in a reduced level in liver tissue of cirrhotic rats,
and lesser expression of growth hormone receptors was
found in a later stage of cirrhosis. The reduced expression
of growth hormone receptor was partly due to its decreased
expression on cirrhotic hepatocytes and the reduced
expression of its mRNA in cirrhotic liver tissue.
Wang HT, Chen S, Wang J, Ou QJ, Liu C, Zheng SS, Deng
MH, Liu XP. Expression of growth hormone receptor and its
mRNA in hepatic cirrhosis. World J Gastroenterol 2003; 9
(4): 765-770

http://www.wjgnet.com/1007-9327/9/765.htm

INTRODUCTION
Liver cirrhosis is a common pathway of a variety of chronic
liver diseases[1] and is associated with high protein catabolism,
low anabolism and negative nitrogen balance[2] resulting in
hypoproteinemia which contributes to ascites, dysfunction of
coagulation and suppressed immune reponses [3] as
pathophysiological outcomes. In fact, progressive nutrition
deficiencies and muscle wasting are universal problems and
critical predictors of morbidity, mortality and survival[4, 5] after
surgical intervention. Early reports showed that cirrhotic
patients requiring emergency abdominal surgery exhibited a
higher mortality[6]. In retrospective studies of liver transplant
recipients, protein-calorie malnutrition had been associated with
adverse outcomes in patients with end-stage liver diseases[7, 8].
A prospective study showed that cirrhotic patients with
hypermetabolism and body mass loss had a much higher
mortality rate after liver transplantation than those with
normometabolism[9]. Nutritional support is critical for patients
with hepatic cirrhosis. Yet, studies have shown that aggressive
nutritional support is essential but not effective enough to
prevent protein loss and optimize the care of these patients in
severe catabolic illness, including cirrhosis[10, 11].
Recent research has investigated the role of exogenous
growth factor therapy in catabolic illness. Recombinant
human growth hormone (rhGH) has been used in catabolic
states such as after abdominal operation [12] , organ
transplantation [13], major trauma[14] and severe burns[15] to
enable them to survive an aggressive surgery and gain access
to a new life[16]. After treatment of rhGH, donor site healing
rate in children with severe burns enhanced and thus
decreased a 14-day hospitalization time[17-19], Mortality rates
in severely burned adults dropped 26 %[20]. Cell-mediated
immunity significantly enhanced, wound infection rates and
length of hospitalization in a large group of post surgical
patients decreased[21]. Some clinical trial reported that growth
hormone enhanced nitrogen retention in patients with chronic
obstructive lung diseases[22], severe sepsis[23, 24] and wasting
status of AIDS[25, 26] and in fasted adult volunteers. Although
there are many controversies[27-31], it has been confirmed that
rhGH is an effective drug to accelerate protein anabolism[32]
and plays a central role in metabolic intervention with a
significant cost-effect benefit[33].
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The action of growth hormone depends on its binding with
growth hormone receptor on cell membrane[34]. Whether the
cirrhotic hepatocytes express growth hormone receptors
(GHR), and the relationship between the GHR expression and
the staging of liver cirrhosis are not clear. So, we adopted
multiple techniques such as radioligand binding assay and RTPCR to measure the changes of GHR and its mRNA in an
experimental liver cirrhosis model at cellular and histological
levels for understanding of biological feature of expression of
GHR in cirrhotic hepatocytes.

MATERIALS AND METHODS
Induction of liver cirrhosis
Liver cirrhosis in rats was induced by daily intraperitoneal
injection of 3 % thioacetamide (TAA, Shanghai, China) 50 mg/
kg for 9 to 12 weeks[35, 36]. Two hundreds male Sprague-Dawley
rats (200-300 g, Medical Animal Center, Sun Yat-Sen
University) were randomized and allotted to two groups,
normal group (n=82) received saline intraperitoneally
everyday; and cirrhotic group (n=118) received drugs for
induction of hepatic cirrhosis. From each group, 80 rats were
available for analysis. Rats were fed with regular chow and
water ad libitum in cages placed in a room with 12-hour lightdark cycle and constant humidity and temperature (25 ).
At the 3rd, 6th, 9th, 12th week and the 15th week (3 weeks
after withdrawal of TAA) after induction of liver cirrhosis 10
rats from each group were fasted overnight and sacrificed. Liver
tissue samples were obtained after hepatic sinusoids were
flushed by perfusion of liver with normal saline through the
portal vein. Tissue samples from the right major liver lobe
were obtained and frozen in liquid nitrogen immediately and
then stored at -80 until use, or fixed in 10 % neutral buffered
formaldehyde solution and dehydrated and embedded in
paraffin for regular pathological examination.
Digital image analysis
Liver collagen content was calculated by histomorphometric
measurement in 4-µm sections with Masson’s trichrome stain.
Under photographic analytic microscope (Carl Zeiss Axiotron,
OPTON, Germeny), three random areas in each section of liver
slide were chosen and captured in RGB format with 24-bit
true colors at a resolution of 768×512 in real time by the JVC
ky-F30B 3-CCD color video camera with digital conversion
connected with a computer system of Kontron IBAS2.5
(OPTON, Germeny) for digital image analysis. The total area
and the area of fibrosis with positive staining were
automatically selected, outlined and evaluated by planimetry.
The relative content of collagen (RCC %) was expressed as a
percentage of positive staining area in the total area[37, 38].
Hepatocyte isolation
At 9-12 weeks of the study, livers in 10 rats from each group
were perfused in situ through portal vein with collagenase (type
IV, 90 or 120 U/ml)[39, 40]. Hepatocytes were isolated at 4 by
centrifugation (50×g, 5 min or 1×g, 10 min). Cells were resuspended for radio-ligand binding assay in RPMI 1640
medium without serum to a final concentration of 1.0×106 cell/
ml with a purity of more than 98 % and a viability of more
than 90 % determined by trypan-blue exclusion.
Total RNA isolation
Total RNA of liver tissue was prepared from 10 rats in each
group at the 9th week during the induction of cirrhosis by a
single-step method[41]. Integrity and quality of RNA were tested
by electrophoresis in 1 % agarose-formaldehyde gels stained
with ethidium bromide. The RNA concentration was evaluated
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at spectrophotometric absorbance at 260 nm.

Primers for RT-PCR
Primers for the PCR amplification of GHR transcripts were
purchased from Sangon Co. (Shanghai, China). The primers
used for detection of GHR mRNA by RT-PCR were specific
for the intracellular domain of the rat GHR, thus excluding
detection of the smaller transcripts encoding GH-binding
protein (GHBP)[42]. The forward primer (GHR4548) was 5’*ATGTGAGATCCAGACAACG-3’ with the first base *A at
the 5’ end as an unmatched base of the original G and spanned
from 876 to 894 located in exon 7 and the reverse one 5’ATGTCAGGGTCATAACAGC-3’ spanned from 1 356 to
1 374 located in exon 10. The PCR product was supposed to
be 499 bp in length.
RT-PCR
RT-PCR was performed using the MasterAmpTM RT-PCR kit
(Epicentre, Madison, USA) for detection of GHR mRNA[43].
The procedure of RT-PCR was similar to that of literature[44].
Negative controls in RT-PCR included reactions in the absence
of RNA sample or primers or RT reaction to detect possible
contamination of genomic DNA in RNA samples. The
experiment was considered ineffective if there was any incidental
band in lane of negative control. 10 µl of each PCR products
was subjected to electrophoresis for about 1 hour on 1 % agarose
gel using electrophoresis apparatus (Bio-Rad, UK) and visualized
by staining with ethidium bromide. The bands were observed
using a ultraviolet gel device (UVI, UK) and captured into its
computer system for digital image analysis. The level of GHR
mRNA in each sample was expressed as: iOD (pixel)=the
average optical density of each band×its area (pixel).
Membrane microsome preparation
The microsomal liver membrane fraction was prepared by
differential centrifugation of liver homogenate according to
Papotti[45]. About 1 g tissue from rat livers was chopped and
homogenized with an electric homogenizer (Vorsicht,
Malaysia) in ice-cold (4 ) phosphate buffer (PBS) containing
0.25 M sucrose. The mixture was centrifuged at 1 500×g for
15 minutes. The supernatant was collected and centrifuged at
30 000×g for 30 minutes. The pellet was re-suspended in 3M
MgCl2 for 5 minutes to remove endogenous GH binding[46]
and centrifuged, the pellet was suspended in PBS. Protein
concentration of the solution was determined by Lowry method.
GH binding assay
In radioreceptor assay, 100 µl (approximately 20 000 cpm) of
125
I-hGH (NEN Inc, Boston, USA) with a specific activity of
about 108 µCi/µg, 100 µl of unlabeled hGH in PBS and 100 µl
of liver membrane microsomes or liver cells were mixed and
incubated at 4 over night. Parallel incubations were performed
with various amounts of hGH (0-3nM divided into 7-9
concentration gradients) in duplicate. An excess of hGH was
used to determine nonspecific binding. At the end of the
incubation, bound and free hormones were separated by filtration
(0.18 µm mesh filters, Shanghai, China)[47]. The pellets on
membrane were subjected to a gamma counter (SNγ682, Rihuan,
Shanghai, China). GH binding affinity constant (Kd, nM) and
binding capacity (RT, fmol/mg protein) or numbers of 125I-GH
binding sites of hepatocytes (×104/cell) were calculated by
Scatchard analysis using the LIGAND program[48, 49].
Statistical analysis
Results were expressed as the mean ± SEM (x±s) and analyzed
by ANOVA and least significant difference (LSD) method with
an acceptance of significance as P<0.05.
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Table 1 Dynamic alteration of RCC, RT and Kd in cirrhotic
liver tissues
Time

RCC (%)
Control
Group

RT (fmol/mg protein)

Model
Group

Control
Group

Model
Group

Kd (nM)
Control
Group

Model
Group

3rd week 1.29±0.23

1.56±0.35

75.8±5.1

55.2±4.5b

0.62±0.03

0.61±0.07

6 week 1.19±0.21

10.8±2.5

ab

77.3±4.3

42.6±2.1ab

0.64±0.05

0.58±0.06

9th week 1.16±0.18

20.2±3.6ab

74.9±3.9

30.8±1.9ab

0.61±0.09

0.60±0.04

12 week 1.27±0.25

28.0±4.3

ab

73.2±5.4

17.5±2.5ab

0.60±0.08

0.59±0.07

15th week 1.13±0.24

15.2±2.6ab

71.5±4.9

20.8±1.6b

0.58±0.06

0.61±0.09

th

th

P<0.05 vs a previous time point, bP<0.05 vs control group. RCC:
relative content of collagen (%) indicating severity of liver fibrosis;
RT: total binding capacity of receptors (fmol/mg protein) corresponding to the quantity of receptors; Kd: dissociation constant
in equilibrium (nM) which is equal to the affinity of receptors.
a

GH binding in the development of liver cirrhosis
GH binding assay was carried out using liver membrane
microsomes from rats at different time points in various groups
and specific binding for 125I-hGH was detected in all samples.
The Scatchard analysis of GH binding capacity (RT) and affinity
(Kd) on each sample was performed and a single class of
specific GH-binding sites on liver cell membranes, that is GHR,
was revealed in both normal and cirrhotic liver tissue samples
by linear Scatchard plots (Figure 1).
No significant change of RT and Kd was found in liver tissue
samples during the period of 15 weeks in control group (P>0.05)
(Table 1 and Figure 1). While compared with that of the control
group at the same time point, RT decreased significantly (P<0.05)
at the 3rd, 6th, 9th, 12th and 15th week although no change of Kd
was observed in cirrhotic model group. When compared among
the different time points in the cirrhotic model group, RT
decreased gradually at the 3rd, 6th, 9th week and reached to its
lowest point (P<0.05) at the 12th week, then increased but still
under normal level at the 15th week.
The correlation analysis manifested a significant negative
linear correlation between RT and RCC in rat liver cirrhotic
tissue (r=-0.82, n=50, P<0.05) (Figure 2).
Quantitative analysis of GH binding sites on rats hepatocytes
There were linear Scatchard plots of normal and cirrhotic
hepatocytes, which indicated the presence of a single class of

specific GH-binding sites, GHR, on hepatocyte membranes.
The quantity of GH-binding sites (×104/cell) on hepatocytes
of cirrhotic model group (0.86±0.16) was significantly less
than that (1.28±0.24) in normal control group (n=10, P<0.05)
while the affinity (Kd, nM) of hepatocytes from model group
(0.56±0.08) and control group (0.61±0.11) was similar (n=10,
P>0.05).
0.15

Control group
Model group
3 week
6 week
9 week
12 week
15 week

B/F

0.10

0.05

0.00
0.00

0.02

0.04
0.06
B (nM)

0.08

0.10

Figure 1 Scatchard analysis of GH-binding in rat liver tissue.
Microsomes of liver tissues were incubated with 125I-labeled hGH
and increased concentrations of unlabeled hGH. The bound/
free radioactivity ratio (Y axis) was plotted as a rectilineal function of bound hormone (X axis). GH binding capacities
(Bmax=intercept on X axis, RT=Bmax/protein concentration) and
affinities (Kd=negative reciprocal of slope) were calculated from
the competition assays by Scatchard analysis.

GHR RT (fmol/mg protein)

RESULTS
Changes of lobular structure and RCC in the development of
liver cirrhosis
In control group, no evident pathological change of lobular
structure was found in liver tissue over 15 weeks. In cirrhotic
model group, 4 stages of pathological changes were manifested
during the development of liver cirrhosis: (1) scattered necrosis
and cellular degeneration at the 3 rd week; (2) fibrous
proliferation at the 6th week; (3) pseudo-lobule formation at
the 9th week; (4) massive nodule formation at the 12th week
and (5) partial reversion of cirrhosis at the 15th week.
In control group, there was no significant change of RCC
(P>0.05) among the different time points during the period of
15 weeks (Table 1). While compared with that of the control
group at the same time point, RCC kept no significant change
at the 3rd week (P>0.05) and increased significantly at the 6th,
9th, 12th and 15th week respectively (P<0.05) in the cirrhotic
model group. When compared among the different time points
in the cirrhotic model group, RCC increased gradually at the
3rd, 6th, 9th week and reached to its turning point at the 12th
week (P<0.05), then went down, but still above normal level
at the 15th week.

60

r =0.82
P <0.05
n =50

40

20

0

0

10

20

30

40

RCC (%)

Figure 2 Correlation between RT (quantity of GHR) and RCC
(degree of cirrhosis) in rat cirrhotic liver samples.

GHR mRNA detected by RT-PCR
A specific band of RT-PCR products (499 bp in length) was
detected in liver tissue samples from both control group and
cirrhotic model group, indicating that GHR mRNA was
expressed in both groups. The level of GHR mRNA (iOD, pixel)
in cirrhotic liver (23.3±3.1) was lower than that (29.3±3.4) in
normal liver (n=10, P<0.05) (Figure 3).
1

M

2

-499 bp

Figure 3 Comparison of GHR mRNA expression in liver tissue in normal control group and cirrhotic model group (the
result of RT-PCR). Lane M: 100 bp DNA ladder; Lane 1: Normal control group; Lane 2: Cirrhotic model group.
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DISCUSSION
Much has been done regarding the expression of GHR and
signal transduction[34, 47, 50, 51], but the expression of GHR in
some pathological states such as cirrhotic hepatocytes,
malignant cells is not clear. Chang[52] reported that 125I-rhGH
binding activity in 6 cases of hepatocellular carcinoma and
adjacent cirrhotic liver tissue could not be detected and believed
that the GHR in cirrhotic hepatic tissue disappeared although
the study only examined one aspect of the GHR, GH binding.
Another study[53] showed that specific binding of 125I-hGH in
liver tissue from liver transplant of 17 cases with end-stage
liver diseases was lower than that in normal control, but only
in 3 cirrhotic livers Scatchard analysis was performed for
calculation of GH binding capacity and affinity. In this setting
of tissue-based GH binding assay, it was not convincing enough
to clear up the controversy about the expression of GHR on
cirrhotic liver cells. So, GH binding assay at cellular level was
used to analyze the expression of GHR on hepatocytes or in
liver tissue of rats with cirrhosis. We have demonstrated that
the growth hormone receptor was expressed on cirrhotic
hepatocytes and lesser expression of GHR was found in a later
stage of cirrhosis.
In present study, 125I-hGH binding activity of cirrhotic
hepatic tissue was studied with radioligand binding assay, and
a single class of growth hormone specific binding sites with
normal affinity was detected in the cirrhotic hepatic tissue,
which indicated the expression of GHR in cirrhotic hepatic
tissue. These results were compatible with those of clinical
specimens from liver transplants[53].
The relationship between the GHR expression in cirrhotic
tissue and the stage of liver cirrhosis has not been reported. In
our study, 125I-hGH binding capacity (i.e. the quantity of GHR)
decreased significantly even in the early stage of cirrhosis,
and gradually decreased during the development of liver
fibrosis and dropped to the lowest level in late stage of cirrhosis
on week 12 after induction of hepatic cirrhosis, then increased
but still below the normal level after withdrawal of TAA. This
implicated that the quantity of GHR in liver tissue altered
dynamically without any significant change of GH binding
affinity over the development or recovery of liver cirrhosis. In
other words, GHR expression was suppressed in the process
of formation of liver cirrhosis. The more severe the cirrhosis
was, the more significant the down regulation of GHR
expression would be.
GH binding varied among liver samples[47,53]. Our results
indicated that GH binding capacity in rat cirrhotic liver tissue
differed in various stages of liver cirrhosis, and only slight
variation (data not listed) of such binding was found in liver
tissue with the same time point during the development of
cirrhosis. Therefore, histological staging of liver cirrhosis was
one of the important factors predisposing the down-regulation
of GHR expression[54].
Fibrotic tissue accumulated in the portal area during the
reconstruction of lobule of cirrhotic liver while hepatocytes
regenerated continuously after repeated necrosis in the
development of liver cirrhosis. The fibrous structure,
hepatocytes and interstitial cells with heterogeneous
distribution and various combination in cirrhotic tissue should
be considered respectively as we analyzed the expression of
growth hormone receptor. In the present study, the result of
GH-binding capacity (RT) in cirrhotic liver tissue indicated
the GHR expression on membrane microsomes in hepatocytes
and interstitial cells and could be affected by non-parenchymal
cells rather than fibrotic tissue[53]. The quantitative measurement
of GH binding sites on parenchymal cells from cirrhotic livers
had not been reported previously. Therefore Scatchard analysis
was resorted to again and a single class of growth hormone
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specific binding sites with normal affinity was detected in
isolated cirrhotic hepatocytes, suggesting the expression of
GHR on cirrhotic hepatocytes disassociated in vitro. It was
found that the binding sites on cirrhotic hepatocytes was
significantly decreased as compared with that on normal
hepatocytes, which implied that cirrhotic hepatocytes expressed
GHR in a reduced level without any significant difference of
binding affinity. So, the decreased expression of GHR in
cirrhotic liver tissue should be attributed not only to
accumulation of interstitial cells but to the reduced expression
of GHR on cirrhotic hepatocytes themselves also.
It is possible that the reduced level of GH binding is partly
owing to the reduced population of hepatocytes and increased
numbers of interstitial cells in cirrhotic livers. But the
mechanisms of the reduced GHR expression on cirrhotic
hepatocytes has not been defined yet. The reduced GH binding
level was unlikely due to changes in the receptor itself.
Occupancy of the receptors by endogenous GH and ligandinduced internalization of GHR may affect the measurement
of the binding, since dissociation of GH from its receptor and
recycling of GHR is incomplete in several hours[55]. Therefore,
GH binding was determined on microsomes that had been
desaturated by exposure to 3M MgCl2 for 5 minutes[46]. It was
reported that the specific binding of 125I-labelled bovine GH to
a GHR-enriched low density membrane fraction from
regenerating rat liver was reduced to 10-35 % between 12 and
24 h and remained low until 48 h after partial hepatectomy[46],
which indicated the amount of functional GHR on hepatocytes
was decreased with repeated degeneration, necrosis and
regeneration in the microenvironment of cirrhosis. In this
situation several cytokines such as IL-1β, TNF-α and
glucocorticoids seemed to be involved in the likely mechanism
of the reduced GHR expression[40, 56, 57].
It is necessary to investigate the changes of GHR and its
mRNA simultaneously in order to understand the biological
events at different levels. Shen[53] reported that the reduced
expression of GHR mRNA identified by ribonuclease
protection assay in human cirrhotic livers was in the similar
order of magnitude as reduction in GH binding. Relative
quantity of GHR mRNA in liver tissue of cirrhotic rats was
tested with RT-PCR assay and a similar result of our study
indicated that the expression of GHR mRNA in cirrhotic liver
tissue was lower than that in normal controls. Accordingly, it
was suggested that the reduced GH binding may be secondary
to reduced GHR gene expression and decreased GHR synthesis.
In summary, GH binding assay with staging analysis of liver
cirrhosis was applied and our study showed that the growth
hormone receptor was expressed with normal binding affinity
on cirrhotic hepatocytes and expression of growth hormone
receptors in a later stage of cirrhosis reduced significantly.
These results implicated that there was a physiological basis
of GHR for GH action in cirrhotic livers, but the sensitivity of
cirrhotic hepatocytes to growth hormone might be decreased.
Further investigations should be concentrated on the signal
transduction of GHR in cirrhotic hepatocytes[58].
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Abstract
AIM: To investigate the effects of methionine/valine-depleted
enteral nutrition (EN) on RNA, DNA and protein metabolism
in tumor-bearing (TB) rats.
METHODS: Sprague-Dawlley (SD) rats underwent
jejunostomy for nutritional support. A suspension of Walker256 carcinosarcoma cells was subcutaneously inoculated.
48 TB rats were randomly divided in 4 groups: A, B, C and
D. The TB rats had respectively received jejunal feedings
supplemented with balanced amino acids, methioninedepleted, balanced amino acids and valine-depleted for 6
days before injection of 740 KBq 3H- methionine/valine via
jejunum. The 3H incorporation rate of the radioactivity into
RNA, DNA and proteins in tumor tissues at 0.5, 1, 2, 4 h
postinjection of tracers was assessed with liquid scintillation
counter.
RESULTS: Incorporation of 3H into proteins in groups B
and D was (0.500±0.020) % to (3.670±0.110) % and
(0.708±0.019) % to (3.813±0.076) % respectively, lower
than in groups A [(0.659±0.055) % to (4.492±0.108) %]
and C [(0.805±0.098) % to (4.180±0.018) %]. Incorporation
of 3H into RNA, DNA in group B was (0.237±0.075) %
and (0.231±0.052) % respectively, lower than in group
A (P<0.01). There was no significant difference in uptake
of 3H by RNA and DNA between group C and D (P>0.05).
CONCLUSION: Protein synthesis was inhibited by
methionine/valine starvation in TB rats and nucleic acid
synthesis was reduced after methionine depletion, thus
resulting in suppression of tumor growth.
He YC, Cao J, Chen JW, Pan DY, Zhou YK. Influence of methionine/
valine-depleted enteral nutrition on nucleic acid and protein
metabolism in tumor-bearing rats. World J Gastroenterol 2003;
9(4): 771-774

http://www.wjgnet.com/1007-9327/9/771.htm

INTRODUCTION
Parenteral nutrition (PN) is now a supportive therapy commonly
used for cancer patients. However, some studies have suggested
that PN with amino acid balanced solutions may prompt tumor

growth[1-3]. Previous studies have shown that tumor growth was
inhibited by a diet or PN lacking in methionine/valine. However,
the mechanism is not yet known[4-15]. In this study, we prepared
methionine/valine-free amino acid imbalance solutions to
investigate the effects of methionine/valine depleted EN on
RNA, DNA and protein metabolism in TB rats.

MATERIALS AND METHODS
Radiopharmaceuticals
3
H-methionine (3H-Met, specfic activity of 148 MBq·mg-1) and
3
H-valine (3H-Val, specfic activity of 240 MBq·mg-1) was
purchased from Chinese institute of atomic energy. The
radiochemical purity was over 95 %.
Catheterization of jejunostomy
SD rats weighing (160±20) g were purchased from the animal
center of Wuhan University, China. They were allowed to
acclimate for one week. After fasting for 12 hours, rats were
anesthetized with i.p. sodium pentobarbital (40 mg·kg-1). The
animals were undergone catheterization of jejunostomy (day
0). A silicone rubber catheter (2 mm ID, 3 mm OD) was inserted
into the proximal jejunum. The catheter passed through a
subcutaneous tunnel and emerged between the scapulae. The
catheter was sutured to the animal’s back to protect the lines
and was connected to a swivel so that animals can move without
any restrictions in individual metabolic cages. The cannulation
system consists of an microinfusion pump, a swivel, rat-harness
and a silicone-tube-jejunostomy. Coprophagy was prevented
by an own model of faecal collection cup. Animals were fasted
for 48 hours after operation but they were provided with water
ad libitum, and then given normal rat diets.
Preparation of TB rats
Walker-256 carcinosarcoma cells were obtained from Chinese
Center of Culture Preservation. On day 0, the rats were
inoculated subcutaneously in the right flank with 107 tumor
cells of approximately 0.1 ml of cell suspension. Tumors were
palpable in 7 days after transplantation.
Jejunal feeding
Enteral feedings were found to be a safe and cost-effective
method for providing nutrition to cancer-bearing patients. On
day 8, 48 TB rats were randomly divided into four groups (12
rats per group) and received enteral nutrition (jejunal feeding):
Group A: TB rats were fed enteral nutrition solutions composed
of balanced amino acids for 6 days before injection of 740
KBq 3H-MET.
Group B: TB rats were fed methionine-depleted enteral
nutrition solutions for 6 days before injection of 740 KBq 3HMet.
Group C: TB rats were fed enteral nutrition solutions
composed of balanced amino acids for 6 days before injection
of 740 KBq 3H-Val.
Group D: TB rats were fed valine-depleted enteral nutrition
solutions for 6 days before injection of 740 KBq 3H-Val.
TB rats received continuous jejunal tube infusion with pump
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for nutritional support at a daily dose of 330 ml·kg-1, nonprotein calorie was approximately 1160K J·kg -1 . A
microinfusion pump was used for constant administration of
EN solutions. TB rats were not fed during the entire infusion
experiment, however they had free access to water.

Composition of amino acid solutions
Table 1 lists the components of amino acid solutions.
Table 1 Composition of amino acid solutions (g·L-1)
Amino acids

Balanced amino
Methionine-depleted
acids (Group A, C)
(Group B)

Valine-depleted
(Group D )

Isoleucine

5.5

5.5

5.5

Leucine

7.5

7.5

7.5

Lysine

7.0

7.0

7.0

Methionine

6.0

-

6.0

Phenylalanine

4.0

4.0

4.0

Threonine

5.0

5.0

5.0

Tryptophan

1.5

1.5

1.5

Valine

6.0

6.0

-

Arginine

6.0

6.0

6.0

Histidine

3.0

3.0

3.0

Proline

4.0

4.0

4.0

Tyrosine

1.0

1.0

1.0

Alanine

20.0

20.0

20.0

Glycine

7.5

7.5

7.5

Aspartic acid

4.0

4.0

4.0

Total amino acid

88.0

82.0

82.0

Total N

14.1

13.1

13.1

Injection dose counts (cpm)/body weight (g)

Statistical analysis
Student t test was used to examine the data. The difference
was considered significant when P value was less than 0.05.
RESULTS
Three TB rats died of intestinal fistula, diarrhea, infection of
abdominal cavity. Table 3 represented incorporation of 3H into
nucleic acids and proteins in TB rats after treatment.

Amino acid solutions

350

350

350

50 % Glucose

300

300

300

20 % Intralipid

100

100

100

Total calorie (KJ·L )
Total N (g·L-1)
Non-protein calorie/N

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

Balanced amino Methionine-depleted Valine-depleted
acids (group A, C)
(group B)
(group D)

-1

rpm for 10 min, the CHCl3: CH3OH phase was separated. This
extraction was repeated twice. The combined CHCl3: CH3OH
fraction contains radiolabeled lipids. The precipitate was
dissolved in 1 ml of 0.3 M KOH. After incubation of the
solution at 37 for 1 hour to hydrolyze RNA, 0.32 ml of 3 N
HClO4 was added. The mixture was kept on ice for 5 min. The
precipitate was then separated and washed with 1 ml 0.5 M
HClO4 as described above. The combined supernatant was
designated as the alkaline-labile fraction containing the RNA
hydrolysate. The precipitate was resuspended in 1 ml of 0.5 M
HClO4 and heated at 90 for 15 min to hydrolyze DNA. The
solution was kept on ice for 5 min, and precipitate was separated
and washed with 0.4 M HClO 4 twice. The combined
supernatant and the final precipitate were assessed as the acidlabile fraction containing hydrolysates of DNA and protein
fraction, respectively.
The radioactivities of fractions were counted by liquid
scintillation counter. The tissue radioactivity was expressed
as differential uptake ratio (DUR).
Counts of tumor tissue (cpm)/sample weight (g)

Table 2 Compositions of EN solutions (ml·L-1)

Electrolytes, vitamine
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DUR=

Composition of EN solutions
Table 2 summarizes the daily EN compositions infused into
various groups.

Amino acids

World J Gastroenterol

RNA

DNA

A

0.5 h

1h

2h

4h

0.208±0.002

0.300±0.002

0.349±0.007

0.405±0.007c

B

0.149±0.012

0.249±0.009

0.260±0.010

0.389±0.010

C

0.200±0.007

0.250±0.036b

0.283±0.029ac

0.326±0.014c

D

0.180±0.013

0.210±0.024

0.300±0.034

0.320±0.030b

A

0.210±0.013

250

250

250

B

0.179±0.010

3 513.3

3 507.9

3 507.9

C

0.200±0.011

4.9

4.6

4.6

122

131

131

Specimen sampling
After the infusions were completed, three rats per group were
respectively killed by cervical dislocation at 0.5, 1, 2 and 4
hours postinjection of tracers. The whole tumor was dissected
and used for the tissue uptake of radioactivity.
Nucleic acid and protein analysis
To assess the incorporation of the radioactivity into
macromolecular materials, portions of the tumor tissues (70120 mg) were divided into the acid-soluble fraction (ASF) and
the acid-precipitate fraction (APF). Radiolabeled APF was
divided into four fractions: lipids, RNA, DNA and proteins.
To analyze 3H-Met and 3H-Val metabolites, the tumor tissues
were homogenated in 1 ml of ice-cold 0.4 M HClO4. The
homogenate was centrifuged at 3 000 rpm for 5 min. The
precipitate was resuspended in 1 ml of 0.4 M HClO4. This
wash was repeated twice. The precipitate was resuspended in
5 ml of CHCl3: CH3OH (2:1,V/V). After centrifugation at 3 000

0.300±0.020
a

0.339±0.039

0.400±0.002c

0.204±0.039

0.240±0.028

a

0.300±0.015b

0.250±0.040

0.283±0.031c

0.340±0.057c

a

D

0.180±0.015

0.220±0.024

0.308±0.007

0.320±0.035

Proteins A

0.659±0.055

2.410±0.149

3.450±0.125

4.492±0.108c

B

0.500±0.020b

2.000±0.203b

2.890±0.090bc

3.670±0.110b

C

0.805±0.098

2.510±0.010

3.540±0.101

4.180±0.018c

D

0.708±0.019

1.887±0.020

a

b

c

2.916±0.085

b

3.813±0.076b

P<0.05, bP<0.01, vs group A or C. cNumber of rats=2.

DISCUSSION
Influence of Methionine/Valine-depleted enteral nutrition on
protein metabolism in TB rats
Patients with malignant tumors often show severe proteinamino acid metabolism disorder and uncorrectable negative
nitrogen balance. Researchers have begun to reconsider the
prescription of amino acid imbalance solution for cancer
patients. Total parenteral nutrition deprived of methionine or
valine cause tumor growth inhibition, but also have no
significantly negative influences on the host animals[16-18].
Table 3 shows the 3H incorporation rate in tumor tissues at

He YC et al. Met/Val deficiency on tumor

various times after 3H-Met/Val injections. Regardless of
Methionine/Valine-depleted enteral nutrition, the radioactivity
into nucleic acids and proteins increased with time. In proteins
we found an accumulation of the label which was up to 3-10fold higher than in DNA and RNA. It represents the principle
pathway for methionine and valine anabolism. Accumulation
of 3H-Met/Val into malignant tissue is thought to be due to
amino acid metabolism of cancer cells such as increased active
transport and incorporation of amino acid into protein fractions.
In the complete absence of Methionine or Valine, the 3H
incorporation rate of the radioactivity into proteins in tumor
tissues was from 75.8 % to 87.9 % of the control value. That is
to say, in agreement with Xiao’s study[5], protein synthesis was
inhibited by methionine/valine depletion, in this case
suppressing tumor growth[19-26].
Although essential amino acids are indispensable for
physical well-being, the body lacks the ability to synthesize
these compounds. Amino acids are an important materials of
protein synthesis, amino acid imbalance are considered to
principally involving alterations in intracellular protein
synthesis, the deprivation of essential amino acids (Met, Val)
leads to inhibit activity of tumor growth[27,28].

Influence of Methionine/Valine-depleted enteral nutrition on
RNA and DNA in TB rats
Methionine adenosyltransferase is the enzyme which is
responsible for the synthesis of S-adnosyl-L-methionine (SAM)
using methionine and adnosine triphosphate (ATP). Most of
SAM are used in transmethylation reaction in which methyl
groups are added to compounds and SAM is converted to Sadenosylhomocysteine. SAM is the principal biological methyl
donor. SAM can easily transfer its methyl group to a large
variety of acceptor substrates including rRNA, tRNA, mRNA,
DNA, proteins, phospholipides, biological amines, and a long
list of small molecules[29-33]. So 3H-Met is also incorporated
into nucleic acids by transmethylation via S-adenosyl-Lmethionine. Methionine depleted enteral nutrition can decrease
methylation of tumor tissues and lead to further reduction in
nucleic acid synthesis and inhibition of cancer growth at
molecular levels.
Table 3 showed that the RNA and DNA incorporation rate
in group B was lower than in control group (group A). Based
on these findings, cancer cells were known to have lower levels
of DNA and RNA synthesis on methionine-depleted enteral
nutrition.
Theoretically, it is considered that 3H-Val is incorporated
into proteins but not into other high-molecular materials such
as nucleic acids. The incorporation of 3H-Val was detected in
nucleic acids at negligible amounts, which possibly reflects
contamination by labeled proteins during the experimental
processes. However, because no metabolic pathway for the
DNA incorporation of 3H-Val is considered, the radioactivity
in the acid-labile fraction is probably derived from basic
proteins such as chromosomal histones.
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Abstract
AIM: To study the effect of progesterone on contractile
activity of isolated gastric strips in rats.
METHODS: Wistar rats were sacrificed to remove whole
stomach. Then, the stomach was opened and the mucosal
layer was removed. Parellel to either the circular or the
longitudial fibers, muscle strips were cut from fundus, body,
antrum and pylorus. Each muscle strip was suspended in a
tissue chamber containing 5 mL Krebs solution. Then the
motility of gastric strips in tissue chambers was simultaneously
recorded. The preparations were subjected to 1 g load tension
and washed with 5 ml Krebs solution every 20 min. After
1 h equilibration, progesterone or antagonists were added
in the tissue chamber separately. The antagonists were
added 3 min before using progesterone (50 µmol·L-1).
RESULTS: Progesterone decreased the resting tension of
fundus and body longitudinal muscle (LM) (P<0.05). It
inhibited the mean contractile amplitude of body and antrum
LM and circular muscle (CM), and the motility index of pyloric
CM (P<0.05). The inhibition of progesterone on the mean
contractile amplitude could be partially blocked by
phentolamine in LM of the stomach body (the mean
contractile amplitude of body LM decreased from -7.5±5.5
to -5.2±4.5 P<0.01), and by phentolamine or indomethacin
in CM of body (The inhibition of progesterone on the mean
contractile amplitude of body CM decreased from -5.6±3.0
to -3.6±2.7 by phentolamine and from -5.6±3.0 to -3.5±2.5
by indomethacin, P<0.01). Hexamethonium, propranolol and
L-NNA (inhibitor of NO synthetase) didn’t affect the action
of progesterone (P>0.05).
CONCLUSION: The study suggested that progesterone can
inhibit the contractile activity of isolated gastric strips in rats
and the mechanism seems to be a direct one except that
the action on gastric body is mediated through prostaglandin
and adrenergic α receptor partly.
Wang F, Zheng TZ, Li W, Qu SY, He DY. Action of progesterone
on contractile activity of isolated gastric strips in rats. World J
Gastroenterol 2003; 9(4): 775-778
http://www.wjgnet.com/1007-9327/9/775.htm

INTRODUCTION
Nausea and vomiting are extremely common complaints of
pregnancy and may precede even the patients are aware that
she is pregnant [1-4]. However, it’s mechanism is poorly
understood. The questions of whether gastric emptying of
solids and liquids differs in men and women and whether
emptying is influenced by the action of sex hormones on gastric
smooth muscle remain unresolved [5-8]. Whether gastric
emptying of solids and liquids differs in women during the
menstrual cycle is controversial[9-12]. The results of several
clinical and physiological studies have suggested that the
aforementioned complaints of pregnancy may be related, at
least in part, to decrease of resting tension within the lower
esophageal sphincter and changes in gastric motility[3,13-15]. The
fact that a high serum sex hormone concentration is the
characteristic of pregnancy tempts researchers to investigate
the hormonal factor associated with gastrointestinal
dysmotility. However, so far, the effect of pregnancy and sex
hormone on gastric motility remains controversial. We studied
the action of progesterone on the gastric strips in rats and
explored the possible mechanism concerned.
MATERIALS AND METHODS
Materials
Progesterone, purchased from sigma, was dissolved and diluted
in 1, 2-propanecol; hexamethonium and Nw-Nitro-L-Arginine
( L- NNA) , Sig ma; in do methacin, Jian gsu Taican g
Pharmaceutical Factory; propranolol, Beijing Second
Pharmaceutical Factory; Phentolamine, Beijing Thirteen
Pharmaceutical Factory; 1, 2-propanecol, Tianjing Chemical
Factory; Krebs buffer solution [(mmol·L-1: NaCl 120. 6, KCl
5.9, NaH 2PO 4 1.2, MgCl 2 1.2, NaHCO 3 15.4, CaCl 2 2.5,
C6H12O6 11.5, pH=7.4)].
JZ-BK external isometric force transducer, BK company;
LMS-ZB two channel recorder, Chengdu Equipment Factory.
Wistar rats, 200-250 g, were provided by the Animal Center
of Lanzhou Medical College.
Methods
Wistar rats were fasted with free access to water for 24 h, and
sacrificed to remove whole stomach. Then, the stomach was
opened along the great curvature, and rinsed with Krebs
solution. The stomach was pinned on a wax block with mucosa
side up, and the mucosal layer was gently rubbed with a
tweezers. Parellel to either the circular or the longitudial fibers,
muscle strips (8×2 mm) were cut and named logitudinal muscle
(LM) of fundus, circular muscle (CM) and LM of body and
antrum and CM of pylorus[16,17].
Each muscle strip with the mucosa removed was suspended
in a tissue chamber containing 5 mL Krebs solution, constantly
warmed by circulating water jacket at 37 and supplied with
95 % O2 and 5 % CO2. One end of the strip was fixed to a hook
on the bottom of the chamber while the other end was
connected by a thread to an external isometric force transducer
at the top. Motility of gastric strips in tissue chambers were
simultaneously recorded on recorders. Preparations were
subjected to 1 g load tension and washed with 5 ml Krebs
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Effect of antagonists added progesterone on spontaneous
contraction of gastric strips
Hexamethonium (10 µmol·L-1), L-NNA (100 µmol·L-1) or
propranolol (1 µmol·L-1) added 3 min before admistrated
progesterone didn’t influence the decreasing effect of
progesterone on the gastric strips in rats (P>0.05), but
phentolamine (1 µmol·L-1) partly blocked its effect on the mean
contractile amplitude of body LM and CM, and indomethacin
(10 µmol·L-1) also decreased the effect on the mean contractile
amplitude of body CM (Table 3).

solution every 20 min. After 1 h equilibration, progesterone
(5, 10, 50 µmol·L-1) or antagonist was added in the tissue
chamber (all were the final concentration) separately 3 min
before using progesterone (50 µmol·L-1)[16-20].

Analysis of data
We measured the resting tension of all strips, the mean
contractile amplitude of body and antrum strips, and the
motility index (MI= [amplitude×duration]) of pyloric strip.
Frequencies of contraction were determined by counting the
contraction waves. Values of the results was presented as x±s.
Statistical significances were measured by t test[16,17].

DISCUSSION
It has been shown from humans and animals that pregnancy is
associated with alternations in the motor activity of the
gastrointestinal tract, such as decreased gallbladder
contractivity and lower esophageal sphincter pressure, reduced
gastric emptying, small intestine and colonic transit[13-15,21-29].
Although the factors responsible for the impaired gastric
motility are obscure, there is evidence to suggest that pregnancy
is associated with disturbances in the myoelectric and
mechanical properties of gastrointestinal smooth muscle.

RESULTS
Effect of progesterone on spontaneous contraction of gastric
strips
Progesterone significantly decreased the resting tension of
fundus and body LM (Table 1). It decreased the mean
contractile amplitude of body and antrum, and the motility
index of pylorus (Table 2). However it didn’t influence the
gastric contractile frequency (P>0.05).

Table 1 Effect of progesterone on the resting tension of gastric smooth muscle in rats
Resting tension/g

Progesterone µmol·L-1

Fundus

Body

LM

Antrum

LM

Pylorus

CM

LM

CM

CM
0

5

-0.08±0.12a

-0.008±0.08

0

0.01±0.05

0

10

-0.08±0.08b

-0.05±0.11

-0.03±0.06

0.04±0.09

0

50

-0.09±0.06d

-0.12±2.0a

0.01±0.15

0.02±0.04

0

0
-0.03±0.10

The values were expressed as differences in resting tension between 3 min before and after the addition of progesterone (5, 10 and
50 µmol·L-1) (The same in Tab 2). The resting tension of each strip in control (progesterone 0 µmol·L-1) was 1. LM: longitudinal
muscle; CM: circular muscle. x±s, n=12, aP<0.05, bP<0.01, dP<0.001, vs control by paired t test.
Table 2 Effect of progesterone on the mean contractile amplitude of body and antrum, and the motility index of pylorus in rats
Contractile amplitude/mm

Progesterone µmol·L-1

5
10
50

Body

Motility index/cm.s-1

Antrum

Pylorus

LM

CM

LM

CM

CM

B

13.4±17.0

12.0±13.2

13.6±8.6

14.1±15.0

92.4±16.2

C

0.2±0.4

-0.9±3.0

-0.5±0.8a

-0.8±1.7

1.7±4.8

B

12.8±17.6

11.2±14.0

14.0±7.1

13.6±12.9

98.5±20.0

C

-2.1±3.8a

-1.5±1.6b

-1.8±2.0b

-3.1±1.8d

-22.5±16.6d

B

12.0±16.9

11.8±12.9

12.6±8.0

12.6±14.8

110.2±22.8

C

-7.5±5.5a

-5.6±3.0d

-5.4±3.8d

-5.8±3.8d

-47.4±31.2d

B: basic values in 3 min before addition of progesterone; C: changes in 3 min after addition of progesterone (The same in Tab 3).
x±s, n=12. aP<0.05, bP<0.01, dP<0.001, vs corresponding B by paired t test.
Table 3 Effect of progesterone on the mean contractile amplitude of body after indomethacin or phentolamine pretreatment in rats
Contractile amplitude/mm

Gastric body muscle

Pr

I

B

C

B

LM

12.0±16.9

-7.5±5.5b

CM

11.8±12.9

-5.6±3.0

b

+

Pr

Ph

C

B

C

12.9±17.1

-0.1±6.0

12.5±18.4

12.2±14.0

1.2±5.2

12.6±13.2

+

Pr

B

C

-8.2±6.9b

12.1±19.2

1.4±3.8

15.4±16.5

-5.2±4.5d

-3.5±2.5

11.7±12.6

0.2±0.5

11.4±13.0

-3.6±2.7d

d

B

C

Phentolamine (1 µmol·L-1) or indomethacin (10 µmol·L-1) was added 3 min before the addition of progesterone (50 µmol·L-1). x±s,
n=12. Pr: progesterone, I: indomethacin, Ph: phentolamine. bP<0.001 vs corresponding B by paired t test; dP<0.01 vs Pr alone by
two samples mean t test.
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In our study, progesterone decreased the resting tension of
fundus, which might be a cause of changed gastric motility
during pregnancy. It had been agreed that decreased fundic
resting tension mainly influenced the gastric emptying of
liquids. Ryan also reported[30] that pregnancy was associated
with decreased gastric emptying of liquids in the guinea pig.
The observation in our study that hexamethonium, L-NNA
and propranolol didn’t influence the effect of progesterone
suggesting that the action of progesterone was not mediated
via NO, β or N1 receptors. Since phentolamine blocked partly
the effect of body LM and CM, and indomethacin decreased
that of body CM showed that the effect of the hormone on body
LM partly via a receptor, and on body CM via prostaglandin
and a receptor. In addition, the effect of progesterone might act
on gastric smooth muscle cells directly. Progesterone receptor
had been found in normal human gastric tissues. Another
evidence was addition of progesterone to isolated denervated
gallbladder muscle strips inhibited contraction in response to
both acetylcholine or cholecystokinin[31].
Parkman reported[14] that spontaneous and bethanechol
induced phasic antrum contraction of pregnant guinea pigs
were significantly reduced in force compared with control
virgin animals, and intracellular electrical recordings were
obstained from antral smooth muscle cells to investigate the
mechanism of the decreased contractivity of antral smooth
muscle during pregnancy. The results showed that there were
similar resting membrance potentials, slow wave frequency
and slow wave duration vs those of the control, but the upstroke
amplitude, plateau amplitude and number of spike per slow
wave decreased significantly. Further study suggested that the
decreased force of spontaneous antral contractions was
associated with a reduction in the underlying electrical slow
wave depolarization. Electrogastrogram recordings also
suggested that gastric dysrhythmias were objective
pathophysiologic event associated with symptoms of nausea
and vomiting during pregnancy[14,32,33].
Exogeneous progesterone also inhibited the myoelectric
and mechanical activity of gastrointestinal smooth muscle.
Electrical spike potentials recorded from chronically implanted
electrodes in the antrum and jejunum of ovariectomized dogs
by Milenory decreased after 4 d of progesterone addition (2
mg·kg-1·d-1) and the propagation velocity of the basic electrical
rhythm from the antral region of the progesterone-treated
animals also decreased[34]. In another example, progesterone
had been shown to reduce the propagation velocity of
gestrointestinal slow waves possibly by decreasing the degree
of electrical coupling between smooth muscle cells [35].
Dysrhythmias were also induced in healthy, nonpregnant
women by administration of progesterone in the dose that
reproduces plasma level seen in pregnancy. The above results
suggested that the inhibitory effect of progesterone on the
gastric smooth muscle may contribute to the gastric dysmotility
during pregnancy.
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Abstract
AIM: To study the relative efficacy of cisapride,
metoclopramide, domperidone, erythromycin and mosapride
on gastric emptying (GE) and small intestinal transit (SIT)
in morphine treated mice.
METHODS: Phenol red marker meal was employed to
estimate GE and SIT in Swiss albino mice of either sex. The
groups included were control, morphine 1 mg/kg (s.c. 15
min before test meal) alone or with (45 min before test
meal p.o.) cisapride 10 mg/kg, metoclopramide 20 mg/kg,
domperidone 20 mg/kg, erythromycin 6 mg/kg and
mosapride 20 mg/kg.
RESULTS: Cisapride, metoclopramide and mosapride were
effective in enhancing gastric emptying significantly (P<0.001)
whereas other prokinetic agents failed to do so in normal
mice. Metoclopramide completely reversed morphine induced
delay in gastric emptying followed by mosapride.
Metoclopramide alone was effective when given to normal
mice in increasing the SIT. Cisapride, though it did not show
any significant effect on SIT in normal mice, was able to
reverse morphine induced delay in SIT significantly (P<0.001)
followed by metoclopramide and mosapride.
CONCLUSION: Metoclopramide and cisapride are most
effective in reversing morphine-induced delay in gastric
emptying and small intestinal transit in mice respectively.
Suchitra AD, Dkhar SA, Shewade DG, Shashindran CH. Relative
efficacy of some prokinetic drugs in morphine-induced
gastrointestinal transit delay in mice. World J Gastroenterol
2003; 9(4): 779-783
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INTRODUCTION
Opioids are effective analgesics for moderate to severe pain[1].
Morphine is the most commonly prescribed opioid agonist for
the treatment of chronic pain[2, 3]. However, when opioids are
given to alleviate pain they cause undesirable gastrointestinal
(GI) side effects namely nausea, vomiting and reduced
gastrointestinal transit [4]. Reduced GI transit can cause
gastroesophageal reflux disease, bloating and idiopathic
constipation[5].
The pathophysiology of GI delay due to opioids has been
well described. Possible etiologies include increased stationary
segmentation, reduced peristalsis and depression of secretory
activity[6]. Due to the paucity of the data to guide practitioners

in the management of GI side effects of opioids much of the
information is extrapolated from different patient populations
experiencing the same symptoms due to different etiologies.
Use of opioid antagonists such as naloxone, nalmefene, for
opioid-induced GI delay [7-10], is limited by their cost and
tendency to cause withdrawal symptoms in the doses used[10,11].
Peripherally acting methyl naltrexone and ADL-2698
(Alvimopan) are in the stage of investigational[11].
Mosapride, cisapride, metoclopramide, erythromycin and
domperidone are commonly used prokinetic agents. At present,
the data supporting their relative efficacy in opioid induced
GI delay are lacking. Further their distinct mechanism of action
leaves a scope for variation in their efficacy. The present work
attempts to study the relative efficacy of various prokinetic
drugs such as cisapride, metoclopramide, domperidone,
erythromycin and mosapride on small intestinal transit (SIT)
and gastric emptying (GE) in morphine treated mice.

MATERIALS AND METHODS
Animals
Randomly bred healthy adult Swiss albino mice of either sex
weighing between 20-25 g were obtained from JIPMER animal
house, Pondicherry. One week prior to the experimentation,
six mice were housed in separate cages and had free access to
food and water. The experiments were conducted between
09:00 AM and 1:00 PM. The animals were fed with the pellets
obtained from Prestige Agro-industries, Aurangabad. The study
was approved by the institutional animal ethics committee.
Drugs and chemicals
Morphine sulphate (Govt. opium and alkaloid works,
Ghazipur), cisapride (Torrent Pharmaceuticals, Ahmedabad),
metoclopramide hydrochloride (Ipca laboratories Ltd.,
Mumbai), domperidone (Torrent Pharmaceuticals,
Ah m e d ab ad ) , er y th r o m y cin e th y lsu cc in ate ( Em il
pharmaceutical industries Pvt Ltd, Thane), mosapride citrate
(Alembic chemical works Co. Ltd. Vadodara) and Thiopentone
sodium (Abbot laboratories, Mumbai) were used. Other
chemicals used were of analytical grade. Carboxymethyl
cellulose (1 %, 0.2 ml) was used as vehicle to administer
prokinetic drugs.
Phenol red meal
Phenol red indicator weighing 25 mg was dissolved in 50 ml
of distilled water and filtered. The filtrate was heated to 70
and methylcellulose (0.75 g) was added to it with continuous
stirring. The mixture was then cooled to 37 .
Gastric emptying (GE) and small intestinal transit (SIT)
The standard method of phenol red marker meal as performed
by earlier workers was employed[12,13]. Mice were deprived of
food for 24 h prior to experimentation but had free access to
water, and 0.5 ml of phenol red meal was administered with
the aid of the oral feeding syringe. Animals were killed by
cervical dislocation under i.v. thiopentone sodium anesthesia
15 min after the administration of the meal. Abdomen was
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opened and stomach was dissected out after careful ligation at
the cardiac and pyloric ends, and was washed with normal
saline. The stomach was cut into pieces and homogenized with
25 ml of 0.1 N NaOH. To this 5 ml homogenate 0.5 ml of
trichloroacetic acid (20 %w/v) was added and centrifuged at
3 000 rpm for 20 minutes. To one ml of supernatant 4 ml of
0.5 N NaOH was added. The absorbance of this pink colored
liquid was measured using spectrophotometer at 560nm
(Model: HITACHI 150-20). This correlates with the
concentration of phenol red in the stomach, which in turn
depends upon the gastric emptying. The percentage gastric
emptying is derived as (1-X/Y) 100 where, X is absorbance of
phenol red recovered from the stomach of animals sacrificed
15 minutes after test meal. Y is mean (n=5) absorbance of
phenol red recovered from the stomachs of control animals
(killed at 0 min following test meal).
The small intestine was dissected out from the pylorus and
ileocaecal junction and the point to which meal had traversed
was secured with thread to avoid change in the length of the
transit due to handling. The total length of the small intestine
and distance traveled by phenol red meal was measured. The
small intestinal transit (SIT) was calculated considering the
distance traveled by phenol red meal divided by total length
of the small intestine multiplied by 100. Small intestinal transit
was expressed as mean ±sem. The observer was blinded for
the drugs administered to the mice.

Drug treatment
Control groups received the equal volumes of vehicle through
corresponding routes. The groups included were control, morphine
1 mg/kg (s.c.), cisapride 10 mg/kg (p.o.), metoclopramide
20 mg/kg (p.o.), domperidone 20 mg/kg (p.o.), erythromycin
6 mg/kg (p.o.) and mosapride 20 mg/kg (p.o.). The doses
were selected based on the earlier reports[14,17], recommended
clinical doses[18,20] and prior pilot experiments. Cisapride,
metoclopramide, domperidone, erythromycin and mosapride
in the dose mentioned above were given alone 45 minutes before
the administration of phenol red meal. Morphine (s.c.) was
injected 15 minutes before the administration of the meal.
Statistical analysis
Statistical analysis was carried out using Graph pad (Prism)
soft ware. One way analysis of variance (ANOVA) for small
intestinal transit and gastric emptying was applied separately
followed by bonferroni post-test for multiple comparisons.
Values were expressed as mean ± sem. P<0.05 was considered
significant.
RESULTS
Since significant difference was not noticed among inter-day
and animals receiving saline or 1 % carboxymethyl cellulose,
data from these groups were pooled to serve as control group.
Similar results obtained from morphine (1 mg/kg s.c.) treated
groups were pooled. Morphine in the dose of 1 mg/kg (s.c.)
caused significant decrease (61 %) in SIT (P<0.001) and (43 %)
in gastric emptying (P<0.05).
Gastric emptying
Cisapride, metoclopramide and mosapride in the doses
employed increased gastric emptying significantly (P<0.001)
by 126 %, 102 %, 89 % respectively compared with control
animals, while domperidone and erythromycin failed to show
any significant effect (Table 1, Figure 1). When combined with
morphine (1 mg/kg s.c.) only metoclopramide and mosapride
reversed morphine induced delay significantly (P <0.05) (Table
2, Figure 2).
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Figure 1 Percentage increase in gastric emptying by various
prokinetic agents in mice. (aProkinetic agents were administered 45 minutes orally prior to the test meal).
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Figure 2 Effect of prokinetic agents on morphine induced delay of gastric emptying in mice. (aProkinetic agents were administered 45 minutes orally and morphine (s.c.) 15 minutes
prior to test meal).
Table 1 Effect of prokinetic agents on gastric emptying and
small intestinal transit in mice
Treatment* (mg/kg)
Control
Cisapride (10) p.o.
Metoclopramide (20) p.o.
Domperidone (20) p.o.
Erythromycin (6) p.o.
Mosapride (20) p.o.

GE (%)

SIT(%)

41.15±3.76
92.98±1.76a
83.14±5.59a
48.15±2.31
39.08±5.10
77.88±0.54a

51.11±1.59
61.46±3.01
76.63±2.13a
58.94±1.25
52.91±1.50
57.53±1.19

Each value represents mean±sem, n=10 in control group and
n=5 in prokinetic drug treated group. *prokinetic agents were
given 45 minutes prior to test meal. aP<0.001 vs the control group.
Table 2 Effect of prokinetic agents on morphine induced delay in gastric emptying and small intestinal transit in mice
Treatment* (mg/kg)
Control
Morphine(1) s.c.
Morphine (1) s.c. +
Cisapride (10) p.o.
Metoclopramide (20) p.o
Domperidone (20) p.o
Erythromycin (6) p.o
Mosapride (20) p.o

GE (%)

SIT(%)

41.15±3.76
23.30±2.83a

51.11±1.59
19.73±1.25b

32.34±2.52
42.77±2.04c
32.16±3.48
29.39±2.53
38.59±1.98c

46.28±2.00d
34.01±1.75d
28.63±2.47
31.19±1.08
38.01±1.61d

Each value represents mean ±sem, n=5 in treatment group and
n=10 in control and morphine treated group. * prokinetic agents
were given 45 minutes and morphine 15 minutes prior to the
test meal. aP<0.05 and bP<0.001 vs control group. cP<0.05 and
d
P<0.001 vs morphine treated group.
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Small intestinal transit
Only metoclopramide per se, significantly (P<0.001) increased
SIT by 50 % (Figure 3). However, when combined with
morphine (1 mg/kg, s.c.) cisapride showed maximum efficacy
followed by mosapride and metoclopramide (Figure 4).
Domperidone and erythromycin did not exhibit any significant
effect (Table 2).

% Increase in SIT

50

Cisapride (10)
Metoclopramide (20)
Domperidone (20)
Erythromycin (6)
Mosapride (20)

40
30
20
10
0

Treatmenta (mg/kg)

Figure 3 Effect of various prokinetic agents on small intestinal
transit in mice. (aProkinetic agents were administered orally
45 minutes prior to test meal).
70
% SIT delay

60
50

Morphine (1)
Cisapride (10)+morphine (1)
Metoclopramide (20)+morphine (1)
Domperidone (20)+morphine (1)
Erythromycin (6)+morphine (1)
Mosapride (20)+morphine (1)

40
30
20
10
0
Treatmenta (mg/kg)

Figure 4 Effect of Prokinetic agents on morphine induced delay of small intestinal transit in mice. (aProkinetic agents were
administered orally 45 minutes and morphine s.c.15 minutes
prior to test meal).

DISCUSSION
Opioids cause decrease in gastric emptying and intestinal
motility, which leads to nausea, abdominal bloating and
constipation [21]. Both exogenous and endogenous opioids
inhibit propulsive movements of the intestine by interfering
with the enteric regulation of propulsive motility [22]. They
interact with µ and δ opioid receptors and cause decrease in
cyclic AMP. Opioids increase the calcium dependent potassium
conductance and thus, hyperpolarize myentric neurons, which
reduce the entry of calcium during the action potential leading
to decrease in intracellular calcium and thereby decreasing
peristalsis[23].
In mice µ agonists administered subcutaneously produced
dose-related inhibitions of gastrointestinal transit[24]. In our
study there was significant decrease (61 %) in SIT with morphine
(1 mg/kg s.c.) compared with control animals (P<0.001).
Decrease in SIT seen with 1 mg/kg (s.c) of morphine is in
agreement with earlier reports[14,16,17].
Prokinetic agents used to reverse morphine induced delay
in GI transit showed variation in their efficacy. Cisapride
(10 mg/kg, p.o.) though, did not show significant increase in
SIT compared with control, it was most effective in reversing
morphine induced delay in SIT (Figure 4). This finding is
consistent with a clinical study where the effect of cisapride

781

was significantly greater than that of metoclopramide[16].
Cisapride in the dose of 10 mg/kg (p.o.) showed significant
increase in gastric emptying when compared with control
animals but in morphine induced delay in gastric emptying it
fails to show significant effect in overcoming the inhibition
(Table 2).
Rectal administration of cisapride 30 mg 8th hourly had
modest benefit in reversing small intestinal transit following
intravenous meperidine in patients undergoing major
abdominal surgery[25]. This may reflect an inability of cisapride
to attain effective plasma concentrations when given rectally
and this is supported by an another report where rectal
cisapride was not able to overcome gastric stasis produced
by morphine[26]. Above observations indicate that in morphine
treated mice, cisapride is more effective in reversing morphine
induced delay in SIT rather than delay in gastric emptying.
Similar differential effect of metoclopramide and cisapride
on the abdominal surgery induced decrease in transit was seen
in which metoclopramide further inhibited whereas cisapride
ameliorated the inhibition of transit[27].
In our study metoclopramide (20 mg/kg p.o.) was found to
be the most effective prokinetic agent when compared to
control animals (Figure 3). Metoclopramide is a 5-HT4 agonist,
5-HT3 antagonist and antagonises the inhibitory effect of
dopamine in the gastrointestinal tract. Despite above actions,
it was only marginally effective in reversing morphine induced
delay in SIT (Figure 2).
Metoclopramide in the dose of 20 mg/kg p.o. significantly
increased gastric emptying when compared with controls
(Table 1). In morphine induced gastric emptying delay, it
reversed the morphine effect completely (Figure 2). In a clinical
study conducted by McNeill et al, it was shown that i.v.
metoclopramide antagonised the opioid premedication induced
delay in gastric emptying but not i.m. metoclopramide[28]. There
is also evidence that the effectiveness of metoclopramide may
depend on the route of administration[29,30].
Domperidone is a peripherally acting dopamine antagonist.
Domperidone (20 mg/kg, p.o.) alone did not show any
significant prokinetic effect as against control animals (Table
2). In our study, it was seen that in reversing morphine induced
delay, though it could not significantly increase SIT, its efficacy
was similar to that of metoclopramide (Figure 4). Since there
is a risk of extrapyramidal effects with metoclopramide,
domperidone may be useful in opioid induced delay in
g astr o in testin al tr an sit wh er e m eto clo p r am id e is
contraindicated. Domperidone in the dose of 20 mg/kg p.o.
did not show any significant increase in gastric emptying in
normal and morphine treated animals (Table1 and Table 2).
Erythromycin, a motilinomimetic in the dose of 6 mg/kg
(p.o.) did not show any significant prokinetic effect (Table 1)
and had the least efficacy in reversing morphine induced delay
in gastrointestinal transit (Table 2). Erythromycin in the dose
of 1 mg/kg did not show any effect in postoperative ileus[27].
Erythromycin even at 40 mg/kg did not show any prokinetic
effect in rats though motilin immunoreactivity has been
demonstrated in the rat intestine[31]. The motilin receptor status
of mouse upper GI tract is not documented. De Winter et al
suggested by their experiments that rat might not be the ideal
species to test erythromycin[27]. The fact that erythromycin was
not effective in our study indicates that mice too may not be
the ideal species for these type of studies.
Mosapride, a derivative of cisapride so far was not tested in
morphine-induced delay in small intestinal transit. In our study
though it did not show significant prokinetic effect in the dose
(20 mg/kg p.o.) used, however it was less effective than 10 mg
cisapride in reversing morphine induced delay in SIT. Efficacy
of mosapride and metoclopramide in reversing morphine effect
on GE cannot be differentiated from the available data.
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A look at the SIT values (Table 1) indicates that
metoclopramide has maximum efficacy in normal mice while
cisapride is most efficacious in reversing morphine induced
delay in SIT followed by metoclopramide and mosapride
(Table 2). The above differences may be due to interactions
taking place at various levels viz. the central and the peripheral
nervous system. It is known that morphine suppresses the
cholinergic outflow [32], while metoclopramide enhance
cholinergic outflow[20] via 5-HT4 and D2 receptor interaction.
It is also known that cisapride is non-selective 5-HT4 receptor
agonist with affinity for D2, 5-HT2, α1 adrenergic and muscarinic
receptors[33]. Further, mosapride a 5-HT4 agonist shows efficacy
less than cisapride in reversing morphine effects on SIT and
less than metoclopramide in GE. The intrinsic activity of
mosapride was less than that observed for cisapride which
indicates that it may act as a partial agonist [34]. Role of
heterogenicity in 5-HT4 receptors in the differential effect of
5-HT4 agonists cannot be ruled out[35].
Mechanism underlying the stimulation of gastric and small
intestinal motility by prokinetic agents is 5-HT4 receptor
activation that involve cholinergic nerves. However the
mechanism underlying the different profile of the effect of 5HT4 agonists on gastric emptying and small intestinal transit
remains unexplained.
Gastric emptying in normal mice was enhanced by cisapride,
metoclopramide and mosapride (Figure 1) but in morphine
treated mice metoclopramide was most effective followed by
mosapride (Figure 2). This suggests that in morphine treated
mice, 5-HT4 pathways may not play a major role. Effect of
cisapride and metoclopramide on other receptors contributes
predominantly in reversing the effect of morphine on SIT and
gastric emptying respectively.
Results of this study and earlier reports indicate that efficacy
of prokinetic agents is dependent on factors such as
pathophysiology, species, site of gastrointestinal tract and
pharmacological profile of the drug.

CONCLUSIONS
Morphine in the dose of 1 mg/kg (s.c.) inhibited the small
intestinal transit by 61 % and to a lesser extent, gastric emptying
(43 %) under the experimental conditions. Metoclopramide
has significant prokinetic effect when compared with cisapride,
domperidone, mosapride and erythromycin in normal mice.
Metoclopramide, cisapride and mosapride enhance gastric
emptying significantly compared to domperidone and
erythromycin in normal mice. All the prokinetic agents used
in our study differ in their prokinetic effects in counteracting
the effect of morphine induced GI inertia. Cisapride is most
effective in reversing morphine induced SIT delay followed
by metoclopramide and mosapride. In morphine-induced GE
delay metoclopramide is most effective followed by mosapride.
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Abstract
AIM: To explore different roles of transforming growth factor
beta (TGF-β) and bone morphogenetic proteins (BMPs) in
hepatic stellate cell proliferation and trans-differentiation.
METHODS: Hepatic stellate cells were isolated from male
Sprague-Dawley rats. Sub-cultured hepatic stellate cells were
employed for cell proliferation assay with WST-1 reagent
and Western blot analysis with antibody against smooth
muscle alpha actin (SMA).
RESULTS: The results indicated that TGF-β1 significantly
inhibited cell proliferation at concentration as low as 0.1 ng/
ml, but both BMP-2 and BMP-4 did not affect cell proliferation
at concentration as high as 10 ng/ml. The effect on hepatic
stellate cell trans-differentiation was similar between TGFβ1 and BMPs. However, BMPs was more potent at transdifferentiation of hepatic stellate cells than TGF-β1. In
addition, we observed that TGF-β1 transient reduced the
abundance of SMA in hepatic stellate cells.
CONCLUSION: TGF-β may be more important in regulation
of hepatic stellate cell proliferation while BMPs may be the
major cytokines regulating hepatic stellate cell transdifferentiation.
Shen H, Huang GJ, Gong YW. Effect of transforming growth
factor beta and bone morphogenetic proteins on rat hepatic
stellate cell proliferation and trans-differentiation. World J
Gastroenterol 2003; 9(4): 784-787
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INTRODUCTION
Transforming growth factor beta (TGF-β) and bone
morphogenetic proteins (BMPs) are the members of TGF-β
superfamily[7, 23]. Their biological effects are mediated through
the receptors that have serine-threonine kinase activity[1, 24].
However, they bind to their respective receptors. Moreover,
the molecules involved in their signal transduction are different.
It is generally considered that signal transduction pathway of
BMPs is mediated by Smads 1, 5, and 8, while the signaling
molecules of TGF-β are Smads 2 and Smads 3[17, 29, 33]. The
role of TGF-β in hepatic fibrogenesis has been investigated

because of the effect of TGF-β on extracellular matrix (ECM)
production and degradation[3, 27, 32]. But the effects of BMP on
hepatic fibrogenesis have not been studied extensively. With
recent understanding of hepatic fibrogenesis, hepatic stellate
cells play an important role in the development of hepatic
fibrosis[8, 14]. It is documented that hepatic stellate cells are the
main cell type that synthesize and secret ECM in the liver. In
addition, hepatic stellate cells migrate, proliferate and contract
in response to liver injury, which contribute to the development
of scar formation and portal hypertension. The effects of TGFβ1 on hepatic stellate cell proliferation and activation have
been documented with some studies showed the inhibitory
effect of TGF-β1[2, 6, 25, 26] while others exhibited no effect on
hepatic stellate cell proliferation[20, 28]. However, there are no
reports about the effects of BMPs on hepatic stellate cell
proliferation and trans-differentiation. Therefore, the objective
of this study is to examine the effects of TGF-β1 and BMPs
on rat hepatic stellate cell proliferation and expression of
smooth muscle alpha actin (SMA) - a marker of hepatic stellate
cell trans-differentiation.

MATERIALS AND METHODS
Materials
Collagenase D, pronase, DNase 1, cell proliferation reagent
WST-1, and monoclonal antibody against smooth muscle alpha
actin were purchased from Roche Diagnostics (Laval Quebec).
Rabbit antibody against mouse IgG conjugated to horseradish
peroxidase, and Enhanced Chemiluminescence Detection Kit
were from Amersham Pharmacia Biotech, Inc. (Baie d’Urfe,
Quebec). Dulbecco’s Modified Eagle Medium (DMEM), fetal
bovine serum (FBS) and Nycodenz were obtained from
GIBCO/BRL (Burlington, Ontario). TGF-β1, BMP-2 and
BMP-4 were purchased from R&D systems (Minneapolis,
MN).
Isolation of rat hepatic stellate cells
Male Sprague-Dawley rats (450-550 gram body weight) were
purchased from Central Animal Care of the University of
Manitoba and maintained under 12-hour light/dark cycles with
food and water ad libitum. In conducting the research described
in this report, all animals received humane care in compliance
with the Institution’s guidelines (Animal Protocol No. 98-053),
which is in accordance with the Canadian Council on Animal
Care’s criteria. Hepatic stellate cells were isolated from rat
liver by two steps of collagenase and pronase methods as
previously described[10]. The liver was perfused via the portal
vein first with Ca2+ free Hanks’ balanced salt solution (HBSS),
and then with Ca2+ HBSS
pH7.4, for 10 minutes at 37
containing 0.125 mg/ml collagenase D, 0.5 mg/ml pronase and
15 µg/ml DNase 1 for 20 minutes. After being dispersed gently,
the cells were incubated with 0.125 mg/ml collagenase D, 0.5
mg/ml pronase and 15 µg/ml DNase 1 for another 12 minutes
with constant low speed stirring at 37 . Cell suspension was
filtered through a 100 µm mesh. After removing hepatocytes
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Cell proliferation assay
Cell proliferation was measured by cell proliferation reagents
WST-1[12]. Sub-cultured hepatic stellate cells (2×103) in 200
µl culture medium were seeded into 96 well plates. After
incubation for 24 hours, the medium was changed with 100 µl
of fresh culture medium containing different concentrations
of recombinant TGF-β1, BMP-2 and BMP-4. The media and
reagents were changed every other day. Cell proliferation was
documented after 3, 6, 9 days of treatment. At the end of
treatment, 10 µl of WST-1 reagent were added into wells and
incubated for 2 hours. The absorbence of the treated samples
against a blank control was measured using a THERMOmax
microplate reader (ELISA) (molecular Devices Co., Menlo
Park, CA) with 420nm as detection wavelength and 650nm as
reference wavelength for WST-1 assay.
Western blot analyses of SMA
Sub-cultured hepatic stellate cells were lysed in 100 µl protein
extract solution (1 mM Tris-HCl pH7.5, 1 mM EDTA pH 8.0,
10 mM NaCl, 1 % sodium dodecyl sulfate (SDS), 1 mM PMSF
and 0.25 M sucrose) [11]. Cell membrane was broken by
sonicating the cells for 1 minutes with Sonicator (Vibra Cell,
Sonics and Material Inc. Danbury, CT) and cell debris was
pelleted by centrifugation at 14 000 rpm at 4 for 5 minutes.
Protein concentration was determined by Lowry method[9].
20 g of protein from each sample was mixed with gel loading
buffer (2×: 125 mM Tris-HCl, pH6.8, 4 % SDS, 20 % glycerol,
0.1 % bromophenol blue and 2.5 % β-mercaptoethanol), boiled
for 5 minutes, separated on 12 % SDS-polyacrylamide gel
under reducing conditions, and transferred to Nitroplus-2000
membrane (Micron Separations Inc. Westborough, MA).
Nonspecific antibody binding was blocked by pre-incubation
of the membranes in 1×Tris-buffered-saline (TBS) containing
5 % skim milk for 1 hour at room temperature. Membranes
were then incubated overnight at 4
with primary antibody
against SMA at dilution of 1:1 000 in 1×TBS containing 2 %
skim milk. After washing, they were incubated for 1 hour at
room temperature with sheep anti-mouse IgG at 1:1 000
dilutions. Bands were visualized by employing the enhanced
chemiluminescence kit per the manufacturer’s instruction.
Statistical analyses
Statistical significance of differences was performed by
employing the ANOVA and Fisher’s PLSD test as Post hoc
test with StatView software (version 5.0, SAS Institute Inc.
Cary, NC). Differences were considered to be significant when
P was less than 0.05.

RESULTS
Effect of TGF-β1, BMP2 and BMP4 on rat hepatic stellate cell
proliferation
Effect of TGF-β1, BMP2 and BMP4 on rat hepatic stellate
cell proliferation was shown in Figure 1. TGF-β1 significantly
inhibited hepatic stellate cell proliferation after 6 days of
incubation at the concentrations of 0.1, 0.5 and 1 ng/ml,
respectively, P<0.05 (Figure 1A). The inhibition was more
dramatic at 9-days treatment of TGF-β1, P<0.01. However,
both BMP2 and BMP4 did not affect hepatic stellate cell
proliferation at the concentration as high as 10 ng/ml (Figure
1B and 1C).
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by centrifugation at 500 rpm on a bench-top centrifuge, Hepatic
stellate cells were separated from other non-parenchymal cells
by density gradient centrifugation on 11.3 % Nycodenz with
sodium chloride at 1 400 g for 17 minutes at 8 . Hepatic
stellate cells were harvested from the interface between
suspension buffer on the top and 11.3 % Nycodenz solution,
washed and plated on uncoated plastic tissue culture dishes
(Costar) at a density of 25 000 cells/cm2. Hepatic stellate cells
were identified by the typical star-like configuration under light
microscopic appearance. The purity was always higher than
95 %. Hepatic stellate cells were incubated in DMEM
supplemented with 10 % FBS, antibiotics (100 IU/ml penicillin
and 100 mg/ml streptomycin) and 2 mM L-glutamine at 37
in a humidified atmosphere of 5 % CO2. The first change of
culture medium was made 24 hours after seeding and then
change the medium every 48 hours. Sub-cultured Hepatic
stellate cells were obtained from 9-day-old primary culture
hepatic stellate cells by detaching from the dishes with trypsinEDTA.
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Figure 1 Regulating effect of TGF-β 1, BMP-2 and BMP-4 on
the proliferation of rat hepatic stellate cells. Hepatic stellate
cells were incubated with TGF-β1 (A), BMP-2 (B) and BMP-4
(C) as described in Materials and methods. The data represent
mean ± SE from ten wells. The experiments were repeated two
times. Denotes: a represents aP<0.05 vs the concentrations of
0.1, 0.5 and 1 ng/ml, b means bP<0.01vs the concentrations of
0.1, 0.5 and 1 ng/ml.

Effect of TGF-β1, BMP-2 and BMP-4 on SMA expression
TGF-β1, BMP-2 and BMP-4 increased the expression of SMA,
which is well recognized by the antibody as a 42-kDa protein.
BMP-2 and BMP-4 seemed to have more potent effect on the
expression of SMA than TGF-β1. After incubation with TGF-
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β1 (concentrations from 0.1 to 1 ng/ml) for 3 days, SMA level
was only elevated about 50 % as compared with control group
(Figure 2). While after BMP-2 or BMP-4 treatment, SMA
level was two to four times higher than that of the untreated
group (Figure 3). Moreover, we observed that the abundance
of SMA in hepatic stellate cells was reduced after 3 hours of
TGF-β1 treatment. The abundance of SMA was reduced to
about 20 % of original level and the level of SMA was
elevated (about 60 % higher than original level) after 18
hours’ treatment (Figure 4).
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Figure 2 Regulating effect of TGF-β1 on rat hepatic stellate cell
trans-differentiation. Hepatic stellate cells were incubated with
different concentrations of TGF-β 1 for three days. The media
and TGF-β1 were changed every other day. Western blot was
performed as described in Materials and methods. The top
panel represents typical Western blot of SMA. The lower panel
represents histogram of densitometric data from four-separated
Western blot (mean ± SE).
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Figure 4 Regulating effect of TGF- β 1 on SMA protein
expression. Hepatic stellate cells were cultured for three days
and the media were removed. Media with 1 ng/ml TGF-β1 or
saline were added into culture dishes and cells were collected
at different times as indicated. The data represent mean ± SE
from four experiments.
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Figure 3 Regulating effect of BMP-2 and BMP-4 on hepatic
stellate cell trans-differentiation. Hepatic stellate cells were incubated with different concentrations of BMP-2 or BMP-4 for
three days. The media and BMPs were changed every other
day. Western blot was performed as described in Materials
and methods. The top panel represents typical Western blot of
SMA. The lower panel represents histogram of densitometric
data from four-separated Western blot (mean ± SE).

DISCUSSION
Hepatic stellate cells are non-parenchymal liver cells located
at the perisinusoidal space. Recent studies have demonstrated
that these cells proliferate and activate in response to liver
injury. It is now established that hepatic stellate cells are the
cell type involved in hepatic fibrogenesis[4, 5]. It is known that
the proliferation of these cells is one response during hepatic
fibrogenetic process. The other feature of these cells is their
trans-differentiation, which is indicated by increased expression
of SMA[19]. During the trans-differentiation process of hepatic
stellate cells, these cells are trans-differentiated into
myofibroblast-like phenotype. To understand hepatic
fibrogenesis, it is important to know the mechanism of
proliferation and trans-differentiation of hepatic stellate cells.
In this report, we employed TGF-β1 and BMPs to examine
their effects on hepatic stellate cell proliferation and transdifferentiation. Our study indicated that both TGF-β1 and
BMPs were important in the trans-differentiation of hepatic
stellate cells. However, BMP-2 and BMP-4 had more potent
effect on trans-differentiation of these cells than TGF-β1 did.
The difference can be due to the different signaling proteins
involved in TGF-β1 and BMPs signal transduction. It is
known that Smads are the intracellular molecules for both
TGF-β and BMP signal transduction pathways [17, 29, 33].
However, Smad-2 and Smad-3 are believed to mediate TGFβ signal transduction while Smad-1, Smad-5 and Smad-8
mediate BMP signaling[13, 16, 18, 21]. It has been demonstrated
that Smad-3 is not necessary to the trans-differentiation of
hepatic stellate cells but is required for TGF-β1 mediated cell
proliferation[31]. Although TGF-β1 had some effect on the transdifferentiation of hepatic stellate cells in this study, it might
not be related to Smad-2 and Smad-3. It has been documented
that TGF-β1 can phosphorylate Smad-1 in human breast cancer
cells [22]. However, it still remained be tested what is the
mechanism mediating the transient reduction of SMA by TGFβ1 in hepatic stellate cells. The direct TGF-β1 regulation of
SMA gene expression could not be excluded.
The inhibitory effect of TGF-β1 on hepatic stellate cell
proliferation was consistent with effect of TGF-β1 on most
mammalian cells. It inhibited the proliferation of hepatic stellate
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cells. Studies relating the effect of TGF-β1 on hepatic stellate
cell proliferation from other groups have revealed some
conflicting results. Most of the studies indicated that TGF-β1
inhibited the proliferation of hepatic stellate cells[2, 6, 25, 26, 28]
while few studies had found no significant effect on these cell
proliferation[14, 20]. The difference of TGF-β1 regulation of
hepatic stellate cells may be related to stage of cell
differentiation or the period of TGF-β1 treatment. One of the
interesting findings in this study is that both BMP-2 and BMP4 did not affect the proliferation of hepatic stellate cells. It is
well known that the main role of BMPs is bone morphogenesis,
which is a sequential cascade with three key phases: chemotaxis
and mitosis of mesenchymal cells, differentiation of the
mesenchymal cells initially into cartilage, and replacement of
the cartilage by bone. Its function is more related to
differentiation then proliferation[15, 30]. Therefore, no effect of
BMPs on hepatic stellate cell proliferation is well consistent
with their functions.
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CONCLUSION
Our study documented that both TGF-β and BMPs play
important roles in hepatic stellate cell proliferation and transdifferentiation. TGF-β is more important in the regulation of
hepatic stellate cell proliferation while BMPs is more potent
in the regulation of trans-differentiation of hepatic stellate cells.
However, the in vitro observations of TGF-β and/or BMPs on
hepatic stellate cell proliferation and trans-differentiation may
represent one aspect of the complex interaction among varieties
of factors in human body.
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Abstract
AIM: To investigate Tie-2 expression during the repair of
acetic acid-induced gastric ulcers in rats treated with
recombinant human IL-11 (rhIL-11) and in untreated control
animals.
METHODS: Gastric ulcers were induced in male Wistar rats
by applying acetic acid to the fundus of the stomach. RhIL11 (100 µg/kg twice daily, subcutaneously) was administered
from two days before ulcer induction and continued for five
days after the induction. Control rats received bovine serum
albumin. Gastric specimens were collected at 3 and 5 days
after the induction of ulcer for immunohistochemical
observation, Western blotting, and reverse transcription
polymerase chain reaction (RT-PCR).
RESULTS: Immunohistochemical and Western blot analysis
demonstrated that Tie-2 expression was enhanced in the
rhIL-11-treated rats compared with the control animals at
both intervals.
CONCLUSION: These findings suggested that IL-11 could
accelerate ulcer healing, in part, by up-regulating Tie-2
expression and promoting angiogenesis.
Wen CY, Ito M, Wang H, Chen LD, Xu ZM, Matsuu M, Shichijo
K, Nakayama T, Nakashima M, Sekine I. IL-11 up-regulates
Tie-2 expression during the healing of gastric ulcers in rats.
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INTRODUCTION
IL-11 is a kind of pleiotropic cytokine that stimulates stem
cell proliferation and affects multiple types of cells[1]. RhIL-

11 may be useful in accelerating the recovery of both
hematopoietic cells and gastrointestinal mucosal cells after
cytoablative therapies[2]. RhIL-11 is in Phase II clinical trials
for the treatment of thrombocytopenia that occurs secondary
to chemotherapy[3]. Gross and microscopic evidence suggested
that rhIL-11 treatment could improve acute colitis caused by
both chemically-induced damage and chronic inflammatory
bowel disease[4]. Bruce et al[5] recently reported that short-term
treatment with rhIL-11 was well tolerated in patients with active
Crohn’s disease. Our previous study demonstrated that rhIL11 facilitates gastric ulcer healing in rats[6].
Angiogenesis is critical to ulcer healing since it regulates
nutrient and oxygen delivery to the injured site and, thus, controls
the healing rate. Tie-2 (tek) is a member of the endothelial cellspecific receptor tyrosine kinase family[7, 8], and is essential
for the formation of the embryonic vasculature[9]. Our recent
study suggests that Tie-2 plays an important role in the
angiogenesis associated with the healing of gastric ulcers[10].
The present study examined the effect of IL-11 on Tie-2
expression in acetic acid-induced gastric ulcers by comparing
with in the rhIL-11-treated and control rats.

MATERIALS AND METHODS
Materials
This study was approved by the Animal Care Committee of
Nagasaki University. Male Wistar rats, purchased from Charles
River Japan (Atsugi, Japan) at 7 weeks of age, were housed 3
or 4 per cage in an air-conditioned room(24 , 12 hr light
cycle) at the Laboratory Animal Center of Nagasaki University.
The animals were fed with laboratory chow (F2, Japan CLEA,
Tokyo, Japan) and tap water ad libitum.
Induction of gastric ulcer
Gastric ulcers were induced by luminal application of a 40 %
acetic acid solution as reported previously [11]. Under ether
anesthesia, the stomach was exposed via a midline incision
and the anterior and posterior walls of the gastric fundus were
clamped together with ring forceps (ID, 6 mm). The acetic
acid solution was injected into the clamped portion through
the forestomach using 21 gauge needles. After forty-five
seconds, the acid solution was removed, the abdomen closed
and the animals fed and housed as above.
Treatment
RhIL-11 (Genetics Institute, Andover, MA, USA), courtesy
of Yamanouchi Pharmaceutical Co., Ltd. (Tokyo, Japan), was
diluted in 0.1 % bovine serum albumin (BSA) and administered
subcutaneously (100 µg/kg/twice daily) for seven consecutive
days beginning two days before ulcer induction as described
previously (n=16)[12]. Control animals (n=16) received the same
volume of 0.1 % BSA twice daily. Eight rhIL-11-treated and eight
untreated rats were sacrificed 3 and 5 days after the induction of
gastric ulcers. Gastric tissues were collected for Western blot
analysis, and reverse transcription polymerase chain reaction
(RT-PCR). Tissues were fixed in 4 % paraformaldehyde solution
for immunohistochemical examination of Tie-2 expression.
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Immunohistochemistry analysis
Paraformaldehyde-fixed and paraffin-embedded tissues were
cut into 4 µm sections, deparaffinized in xylene and rehydrated
in phosphate-buffered saline. The tissues were subsequently
preincubated in 3 % H 2O 2 for 30 minutes, followed by
incubation in bovine serum to prevent nonspecific binding,
and then incubated overnight at 4
(2 µg/ml) with rabbit
anti-mouse Tie-2 (C-20, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA). The slides were subsequently incubated in
biotinylated anti-rabbit immunoglobulin G followed by avidinhorseradish peroxidase and the reaction product was resolved
using DAB (Vectastain ABC kit; Vector Laboratories,
Burlingame, CA).
Western blot analysis
Fresh gastric tissues obtained from ulcerated areas were
immediately frozen, suspended in RIPA buffer (50 mM Tris,
150 mM NaCl, 1 % NP-40, 1 % sodium deoxycholate and
0.05 % SDS, pH 7.4), broken into pieces on ice and subjected
to three freeze-thaw cycles. Insoluble cell debris was removed
by centrifugation at 14 000×g at 0
for 10 minutes. The
protein concentrations in the resultant supernates were
quantified using a protein assay reagent (Bio-Rad Laboratories,
Hercules, CA). Data from four rats were recorded at each time
point and the assays were performed in duplicate. The proteins
(30 µg) were separated by polyacrylamide gel electrophoresis
(PAGE) under denaturing and reducing conditions, and
transferred to a Hybond ECL Nitrocellulose Membrane
(Amersham Life Science, Buckinghamshire, U.K.). The
membranes were rinsed in TBS, blocked with 5 % low-fat
dried milk in TBS containing 0.1 % Tween 20 (TTBS), and
incubated for 2 hours at room temperature in a 1:500 dilution
of mouse anti-rat Tie-2 antibodies. After extensive washing
with TTBS, the membranes were incubated for 1 hour in TTBS
with 1:2 000 dilution of horseradish-peroxidase-conjugated
goat anti-mouse immunoglobulin G containing 3 % low-fat
dried milk. The membranes were washed, developed with a
horseradish peroxidase chemiluminescence detection reagent
(ECL Plus System, Amersham, N.D.), and exposed to
Hyperfilm ECL (Amersham).
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RESULTS
Immunohistochemistry results
Immunohistochemical staining of Tie-2 was weakly positive
in the endothelial cells of pre-existing vessels in the gastric
wall. Tie-2 expression in the endothelial cells of new capillaries
was enhanced in the rhIL-11-treated rats (Figure1A) compared
with the control rats (Figure1B) after 3 and 5 days of the
induction of ulcers.

A

B

Figure 1 Three days after the induction of gastric ulcers, Tie-2
expression in the endothelial cells of new capillaries was enhanced in the rhIL-11-treated rats (A) in comparison to the
untreated control animals (B).
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Figure 2 Western blots demonstrating Tie-2 expression. RhIL11 treatment increased Tie-2 expression significantly 3 and 5
days after the induction of gastric ulcers compared with untreated control rats.
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RT-PCR analysis
Total RNA was prepared from gastric tissue using the acid
guanidine phenol method. RNA (1 µg) was incubated at 37
for 1 hour in 50 µl reverse transcriptase buffer containing 20
units RNAsin (Promega Corp., Madison, WI), 100 pmol of
random hexamer primers (Boehringer Mannheim, Germany),
and 400 units Moloney murine leukemic virus reverse
transcriptase (GIBCO/BRL). Reverse transcription was
terminated by heating to 95 for 10 minutes, and 20 % of the
resulting cDNA was used for PCR. PCR samples were
incubated with 50 pmol of each primer and 2.5 units of Taq
DNA polymerase. The rat Tie-2 PCR primers were as
followings: 5’-TGTTCCTGTGCCACAGGCTG-3’ (sense)
and 5’-CACTGTCCCATCCGGCTTCA-3’ (antisense). The
human β-actin PCR primers were as followings: 5’TCCTCCCTGGAGAAGAGCTA-3’ (sense) and 5’AGTACTTGCGCTCAGGAGGA-3’ (antisense). The Tie-2
and β-actin primers were predicted to amplify 317 and 313 bp
DNA products, respectively. Primer pairs were chosen to span
introns of their respective rat genes. Samples were subjected
to 40 cycles of PCR amplification, each cycle consisting of
denaturation at 95
for 3 minutes, annealing at 50
for 1
minute, and primer extension at 72 for 1 minute. An aliquot
of each amplification mixture was subjected to electrophoresis
on 2 % agarose gel, and DNA was visualized by ethidium
bromide staining.

Figure 3 RT-PCR analysis of Tie-2 mRNA expression in ulcerative gastric tissues, using the specific primer pairs predicted
to amplify Tie-2(317 bp) and β-actin (313 bp). Lanes 1-4: rhIL11-treated rats on days 3(lane 2) and 5(lane 4) and the untreated
control rats on day 3(lane 1) and 5(lane 3).
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Western blotting results
A major band of 125 KD representing Tie-2 protein was
detected in the Western blots. Tie-2 expression was increased
significantly after the appearance of ulcers in the rhIL-11treated rats compared with the untreated control animals on
day 3 and day5 (Figure2).
RT-PCR results
Tie-2 mRNA was detected between rhIL-11-treated rats and
the control animals after3 and 5 days of the induction of gastric
ulceration. β-actin mRNA, a constitutively expressed transcript,
was detected in all of the samples from both the rhIL-11 and
untreated rats (Figure3).
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DISCUSSION
Angiogenesis occurs in many physiological and pathological
processes, including embryonic development, wound healing,
and tumor growth[13, 14]. Ulcer healing consists of two processes,
epithelial regeneration and mesenchymal reconstruction. The
process of mesenchymal reconstruction consists of angiogenesis,
fibrosis and smooth muscle regeneration. Therefore, angiogenesis
is central to the formation of granulation tissue since newly
formed vessels are required to supply oxygen and nutrients to
the regenerating tissue. Tie-2 is a receptor tyrosine kinase
expressed by endothelial cells[15,16] and it has been reported to
play an important role in embryonic angiogenesis [17] .
Furthermore, our own recent study revealed that Tie-2 was
important in the angiogenesis that occurs during the healing
of gastric ulcers[10].
Our previous study was the first to demonstrate that IL-11
could promote gastric ulcer healing in rat model[6]. This effect
of IL-11 on the repair of mucosal injury most likely reflects its
trophic action on mucosal epithelial and smooth muscle cells.
RhIL-11 also exhibits an anti-apoptotic effect on the gastric
mucosa. RhIL-11 most likely acts on epithelial cells via the
regeneration of epithelial cell facilitated by IL-11 receptor.
Concomitant smooth muscle hyperplasia may induce tissue
contraction, thus promoting healing. The importance of smooth
muscle contraction at the base of the ulcer has been previously
demonstrated[18]. Interestingly, IL-11 inhibits the production of
nitric oxide, an agent that can relaxs smooth muscle cells[19].
Our immunohistochemical and Western blot data showing
that rhIL-11 enhanced Tie-2 expression suggest that Il-11
accelerates healing by promoting angiogenesis. The results of
this study demonstrate that rhIL-11 up-regulates Tie-2
expression during the healing of gastric ulcer in rats and suggest
that rhIL-11 may have clinical benefits in the treatment of
gastric ulcers.
REFERENCES
1
2

Du XX, Williams DA. Interleukin-11: a multifunction growth factor derived from the hematopoietic microenvironment. Blood
1994; 83: 2023-2030
Gordon MS, McCaskill-Stevens WJ, Battiato LA, Loewy J, Loesch
D, Breeden E, Hoffman R, Beach KJ, Kuca B, Kaye J, Sledge GW

7
8
9

10

11
12
13
14
15

16
17
18
19

April 15, 2003 Volume 9 Number 4

Jr. A phase I trial of recombinant human interleukin-11 (neumega
rhIL-11 growth factor) in women with breast cancer receiving
chemotherapy. Blood 1996; 87: 3615-3624
Gordon MS. Thrombopoietic activity of recombinant human
interleukin-11 in cancer patients receiving chemotherapy. Cancer Chemother Pharmacol 1996; 38: S96-S98
Keith JC Jr, Albert L, Sonis ST, Pfeiffer CJ, Schaub RG. IL-11, a
pleiotropic cytokine: Exciting new effects of IL-11 on gastrointestinal mucosal biology. Stem Cells 1994; 12: 79-90
Bruce ES, Simmy B, Charles AS, Malcolm R, Seymour K, John
WS, Philip BM Jr, Michael AS, Susan G, Stephen BH, Gary WV,
Alan LB, Vance DR, Bruce S, Bin C, John L, Michael FD, Holly R,
Mark S, Ullrich SS. Preliminary evaluation of safety and activity
of recombinant human interleukin 11 in patients with active
Crohn’s disease. Gastroenterology 1999; 177: 58-64
Wen CY, Ito M, Matsuu M, Fukuda E, Shichijo K, Nakashima M,
Nakayama T, Sekine I. Mechanism of the antiulcerogenic effect
of IL-11 on acetic acid-induced gastric ulcer in rats. Life Sci 2002;
70: 2997-3005
Schnurch H, Risau W. Expression of tie-2, a member of a novel
family of receptor tyrosine kinases, in the endothelial lineage.
Development 1993; 199: 957-968
Maisonpierre PC, Goldforb M, Yancopoulos GD, Gao G. Distinct rat genes with related profiles of expression define a TIE
receptor tyrosine kinase family. Oncogene 1993; 8: 1631-1637
Sato TN, Tozawa Y, Deutsch U, Wolburg-Buchholz K, Fujiwara
Y, Gendron-Maguire M. Distinct roles of the receptor tyrosine
kinases Tie-1 and Tie-2 in blood vessel formation. Nature 1995;
376: 70-74
Wen CY, Ito M, Chen LD, Matsuu M, Shichijo K, Nakayama T,
Nakashima M, Xu ZM, Ohtsuru A, Hsu CT, Sekine I. Expression
of Tie-2 and Angiopoietin-1 and -2 in early phase of ulcer healing.
J Gastroenterol 2003 (in press)
Tsukimi Y, Okabe S. Changes in gastric function and healing of
chronic gastric ulcers in aged rats. Jpn J Pharmacol 1995; 68: 103110
Potten CS. Interleukin-11 protects the clonogenic stem cells in
murine small-intestinal crypts from impairment of their reproductive capacity by radiation. Int J Cancer 1995; 62: 356-361
Millauer B, Longhi MP, Plate KH, Shawver LK, Risau W, Ullrich
A. Dominant-negative inhibition of Flk-1 suppresses the growth
of many tumor types in vivo. Cancer Res 1996; 56: 1615-1620
Nakayama T, Ito M, Ohtsuru A, Naito S, Nakashima M, Fagin
JA, Yamashita S, Sekine I. Expression of the Ets-1 proto-oncogene
in human gastric carcinoma. Am J Pathol 1996; 149: 1931-1939
Sato TN, Qin Y, Kozak CA, Audus KL. Tie-1 and Tie-2 define
another class of putative receptor tyrosine kinase genes expressed
in early embryonic vascular system. Proc Natl Acad Sci USA 1993;
90: 9355-9358
Maisonpierre PC, Goldfarb M, Yancopoulos GD, Gao G. Distinct rat genes with related profiles of expression define a TIE
receptor tyrosine kinase family. Oncogene 1993; 8: 1631-1637
Korhonen J, Polvi A, Partanen J, Alitalo K. The mouse tie receptor tyrosine kinase gene: expression during embryonic
angiogenesis. Oncogene 1994; 12: 395-403
Tsukimi Y, Okabe S. Acceleration of healing of gastric ulcers
induced in rats by liquid diet: importance of tissue contraction.
Jpn J Pharmacol 1994; 66: 405-412
Trepicchio WL, Bozza M, Pedneault, Dorner AJ. Recombinant
human IL-11 attenuates the inflammatory response through
down-regulation of proinflammatory cytokine release and nitric
oxide production. J Immunol 1996; 157: 3627-3634
Edited by Xu XQ

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

World J Gastroenterol 2003;9(4):795-799
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• BASIC RESEARCH •

Changes of microvascular architecture, ultrastructure and
permeability of rat jejunal villi at different ages
Yan-Min Chen, Jin-Sheng Zhang, Xiang-Lin Duan
Yan-Min Chen, Xiang-Lin Duan, Life Science College, Hebei
Normal University, Shijiazhuang 050016, Hebei Province, China
Jin-Sheng Zhang, Department of Otolaryngology, Wayne State
University School of Medicine, Detroit, Michigan 48201, USA
Supported by Natural Science Foudation of Hebei Province
Educational Committee, No.2002136 and Natural Science Foudation
of Hebei Province, No.303158
Correspondence to: Xiang-Lin Duan, Life Science College, Hebei
Normal University, Shijiazhaung 050016, Hebei Province China.
chyanmin@163.com
Telephone: +86-311-6049941 Ext 86480 Fax: +86-311-5828784
Received: 2002-11-26 Accepted: 2002-12-20

Abstract
AIM: To investigate the changes of microvascular
architecture, ultrastructure and permeability of rat jejunal
villi at different ages.
METHODS: Microvascular corrosion casting, scanning
electron microscopy, transmission electron microscopy and
Evans blue infiltration technique were used in this study.
RESULTS: The intestinal villous plexus of adult rats consisted
of arterioles, capillary network and venules. The marginal
capillary extended to the base part of the villi and connected
to the capillary networks of adjacent villi. In newborn rats,
the villous plexus was rather simple, and capillary network
was not formed. The villous plexus became cone-shaped
and was closely arrayed in ablactation rats. In adult rats,
the villous plexus became tongue-shaped and was enlarged
both in height and width. In aged rats, the villous plexus
shrank in volume and became shorter and narrower. The
diametral ratio of villous arteriole to villous venule increased
as animals became older. The number of endothelial holes,
the thickness of basal membrane and the permeability of
microvasculature were increased over the entire course of
development from newborn period to aged period.
CONCLUSION: The digestive and absorptive functions of
the rat jejunum at different ages are highly dependent upon
the state of villous microvascular architecture and
permeability, and blood circulation is enhanced by collateral
branches such as marginal capillary, through which blood is
drained to the capillary networks of adjacent villi.
Chen YM, Zhang JS, Duan XL. Changes of microvascular
architecture, ultrastructure and permeability of rat jejunal villi
at different ages. World J Gastroenterol 2003; 9(4): 795-799
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INTRODUCTION
The microvasculature of intestinal villi play an important role
in the process of digestion, absorption and mucosal barrier
protection[1,2]. Intestinal diseases, such as diarrhea and enteritis,
are reported to be related to the change of microvasculature[3,4].

More recent studies on the intestinal microvasculature
demonstrated that the damage to surface microvasculature is
an early event inducing mucosal injury in the intestine[5-7].
However, these studies were only limited in collecting
pathological or clinical data, and tissue materials were obtained
from adult subjects [8-10]. In addition, little information is
available regarding the changes of microvasculature throughout
different age periods. Therefore, the current work was meant
to elucidate the morphological and permeability changes of
jejunal microvasculature at different ages. Microvascular
corrosion casting technique, scanning electron microscopy
(SEM), transmission electron microscopy (TEM), Evans blue
infiltration methods were used and morphometry was
conducted in this study.

MATERIALS AND METHODS
Animals
Fifty-four male Sprague-Dawley rats were used. They were
divided into 4 groups according to their ages after birth: (1)
newborn rats (1 day, n=9); (2) ablactation rats (3 weeks, n=15);
(3) adult rats (3 months, n=15) and (4) aged rats (24 months,
n=15). For the groups with 15 animals, six were used for
corrosion casting, three were observed under TEM, the other
six were used to determine the permeability with Evans blue
infiltration technique. The newborn rats were too small to be
used in determining the permeability. All rats were fasting for
12 hours prior to each experiment.
Microvascular corrosion casting and SEM
Methyl-methacrylate and methacrylate were mixed at a ratio of
9:1. Polymerization was allowed by adding benzoylmethacrylate at 80 . The viscosity of this solution was
maintained to a level corresponding to that of 30 % glycerine.
The solution was cooled for later use. The microvascular
architecture was then performed in the following procedure.
Animals were deeply anesthetized with ether and a catheter was
inserted into the thoracic aorta. One percent of saline solution
(500 ml/kg i.m.) was perfused to flush the blood out of
cardiovascular system, and this step was immediately followed
by a perfusion of 5 ml methyl-methacrylate. Meanwhile, the
same volume of the pre-prepared solution mixed with N, Ndimethylaniline (1 % of the total volume) was added, serving as
a polymerization accelerator. twelve hours later when
polymerization was completed, the small intestine was sampled
and stored in a 10 % NaOH solution for 1-2 weeks. The tissue
was rinsed with tap water until the corroded tissue was washed
out, and then trimmed under the dissection microscope and dried
at 40 for 48 hours. The dried tissue was then coated using an
IB-3 ionic splashing and shooting device. Photomicrographs
were taken under a Hitachi S-570 scanning electron microscope.
TEM
Small pieces of the jejunum were immersed in phosphatebuffered 3 % glutaraldehyde for 2 hours, and then postfixed in
phosphate-buffered 1 % OsO4 for 2 hours. After postfixation,
the tissue was dehydrated with ethanol and embedded in Epon
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812. Ultra-thin sections stained with uranyl acetate and lead
citrate were observed and photomicrographs were taken under
a Hitachi TEM S-600.

Quantification of microvascular permeabilityof the jejunal tissue
Evans blue was used to measure the permeability of
microvasculature. Rats were anesthetized with ether, and Evans
blue (75 mg/kg i.m.) in 0.9 % saline solution was injected into
a femoral vein. Two hours later, rats were perfused
transcardially with 0.9 % saline solution (500 ml/kg i.m.).
Evans blue was extracted from the jejunum by incubation in 5
ml of formamide at 54
for 24 hours. Evans blue was then
quantified by measuring its absorption at wavelength of 620
nm using spectrometer. Results were expressed as µg Evans
blue/gram fresh tissue.
Data processing
According to the methods of stereology[11], the measurement
and calculation of the thickness of basal membrane (nm), the
number of endothelial hole (per mm capillary perimeter) and
plasmalemmal vesicles (per mm2 endothelium) were conducted
on the photographs of TEM. Results were expressed as mean
+ SEM, and statistics was performed using Student’s t test.
RESULTS
Microvascular architecture of adult rats villi
The villous plexi stood on the surface of the ileum. Between the
adjacent villous plexi there were numerous different cryptal
plexi. The villous plexus consisted of villous arteriole, villous
capillary network and the villous venule. The villous capillaries
connected to each other in a form of “net-basket” (Figure 1).
The villous arteriole coming from the arterial plexus in the
submucosa reached the base of the villi through the cryptal plexus
gap, extending to the tip along the axis of the villi. The villous
arterioles did not bifurcate within the villi, but formed the villous
capillary network at the tips of the villi in the pattern of a “netted
bag”. This villous capillary wrapped the villous arteriole. The
villous venules were formed in the middle and upper part of the
villi, through which the blood from capillary venules converged
into the venous plexus in the submucosa (Figure 1).
In addition, there was a straight capillary along the margin
of the villous capillary network, and it is called marginal
capillary. Its diameter was twice that of its adjacent capillaries
(Figures 1 and 2). This capillary ran along the villous margin
and did not merge into the villous venules of itself. It reached
the base of the villi and connected to the basal part of its
adjacent villous capillary networks (Figure 2).
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Changes of microvascular architecture of jejunal villi at
different ages
In newborn rats, the villous plexus was rather simple and was
composed of only one or two loops of capillary vessels. A
capillary network was not formed at this age and villous
arteriole and venule could not be differentiated (Figure 3). For
the ablactation rats, the villous plexus became cone-shaped
and was closely arrayed. The marginal capillary was as wide
as villous arteriole. Each villous plexus had only one villous
venule and was formed in the basal part of the villi. However,
the diametral ratio of villous arteriole to it was very small
(Figure 4). In adult rats, the villous plexus became tongueshaped and was enlarged both in height and width. Each villous
plexus usually had one villous venule which was formed in
the middle and upper part of the villi, but the wide villi had
two venules that were zygomorphous (Figure 1). In the aged
rats, the villous plexus shrank in volume and became shorter
and narrower. The capillaries were irregularly arrayed (Figure
5). The villous arteriole became wider and lower than villous
venule (Figure 6). The diametral ratio of villous arteriole to
venule was increased as animals became older (Table 1).
Changes of endothelial ultrastructure of villous capillary at
different ages
Under TEM, the endothelium of capillary in the vicinity of
epithelium of villi was so polarized that the nucleus was far
away from epithelium and the side near the epithelium was
thin. In the endothelium of newborn rats, bigger nucleus, more
cytoplast as well as several plasmalemmal vesicles were seen,
but no endothelial hole and basal membrane were observed.
However, endothelial hole and basal membrane were found in
ablactation animals (Figure 7). For the adult rats, a plenty of
plasmalemmal vesicles were noticed in the endothelium (Figure
8). The endothelium in the aged rats, however, became thinner
whereas its basal membrane became thicker. Endothelial holes
were found to be increased whereas plasmalemmal vesicles
were decreased (Figure 9). The number of endothlial holes,
the thickness of basal membrane and the permeability of
microvasculature were increased over the entire course of
development from newborn period to aged period (Table 2).
Changes of microvascular permeability of villi at different ages
The microvascular permeability at different ages was
determined with Evans Blue infiltration technique. The amount
of Evans blue that penetrated into intestinal tissue was 28.1
µg/g tissue in ablactation rats and 64.4 µg/g tissue in adult
rats. The microvascular permeability of the aged rats was twice
as high as that of the adult rats (Table 2).

Table 1 Comparison of the microvascular architecture of villi at different ages (mean±SEM)

Diameter of arteriole (µm)
Diameter of venule (µm)
Ratio: arteriole/venule
a

Ablactation rats

Adult rats

Aged rats

6.17±1.51
20.43±3.17
0.30±0.04

10.47±2.25a
25.45±3.07b
0.41±0.04a

16.73±3.28c
25.50±3.34
0.65±0.06c

P<0.01, bP<0.05 vs ablactation rats; cP<0.01 vs adult rats.

Table 2 Comparison of the endothelial ultrastructure of villi at different ages (mean±SEM)
Newborn
Endothelial holes (number/µm)
Plasmalemmal vesicles (number/0.1 µm2)
Basal membrane (nm)
Vascular permeability (µg/g)
a

17.7±4.25

Ablactation
3.01±0.38
39.1±10.36a
25.2±5.26
28.1±4.64

P<0.01 vs newborn rats; bP<0.05, cP<0.01 vs ablactation rats; dP<0.01 vs adult rats.

Adult
3.51±0.35b
75.3±12.13c
43.5±5.86c
64.4±9.34c

Aged rats
5.19±0.48d
38.0±11.14d
60.5±6.89d
116.4±15.63d
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Figure 1 The microvascular architecture of adult rat jejunal villi, showing the villous arteriole (a), the villous capillary network
(N), the villous venule(v), the marginal capillary(m) ×150.
Figure 2 The microvascular architecture of adult rat jejunal villi,showing the marginal capillary(m) connecting to the basal part of
its adjacent villous plexus ( ) ×130.
Figure 3 The microvascular architecture of newborn rat jejunal villi, ×400.
Figure 4 The microvascular architecture of ablactation rat jejunal villi, showing the villous arteriole (a), The villous capillary
network(N),the marginal capillary(m) ×300.
Figure 5 The microvascular architecture of aged rat jejunal villi ×100.
Figure 6 The microvascular architecture of aged rat jejunal villi, showing the villous arteriole(a), the villous venule(v) ×250.
Figure 7 The capillary endothelium of ablactation rats, showing the endothelial hole ( ) and the basal membrane ( ) ×8 000.
Figure 8 The capillary endothelium of adult rats, showing the basal membrane ( ) and the endothelial hole ( ) ×8 000.
Figure 9 The capillary endothelium of aged rats, showing the basal membrane ( ) and the endothelial hole ( ) ×8 000.

DISCUSSION
Injection of certain materials into blood vessels enables three
dimensional visualization of vascular architecture and has
provided abundant information which is not available by
reconstruction of serial sections [12-14]. A line of evidence
demonstrated in rats, horses and human embryos, that the
“fountain type” microvascular architecture of mammalian small

intestine is common[15-17]. Among these studies, Ohashi et al[16]
found that two or more villous venules originating in the base
of villi. The results of our study appear to suggest that the
villous venules of the rat small intestine are formed in the
middle and upper part of the villi, not in the base and at the tip.
The villous venules are shorter than villous arterioles, and do
not form arterio-venous anastamoses. There is big difference
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in diameter between villous venules and villous arteries. The
former is about one third of that of the latter. All of these
properties are important in creating a low blood pressure and
speedy circulatory system in the villous capillary network,
which is important to the process of nutritional absorption and
transportation[18].
We found that branching did not take place when the villous
arterioles climbed towards the tip of the villous and the capillary
networks were not formed until the villous arteria reached the
tip of the villous. After entering the villi, blood was supplied
to the tip portion of villi and partially to its surrounding area.
The cryptal plexus mainly supplied the blood to the basal part
of the villi, which lacked artery terminals and branches.
Therefore, this collateral circulation can provide blood supplies
to the villi. Although there was supplementary blood supply
in the base of the villi, blood supply was inefficient due to a
long distance of transportation from the branching point at the
tips of villi which were full of arterial blood[19]. Therefore, the
villi at the tip received much more arterial blood supply than
in the base. From the base to the tip of the villi, the absorption
rate of epithelium increased proportionately with the volume
of its blood supply. However, there were still aging cells at the
tip of villous that were less dynamic physiologically than the
younger cells at the basal part. The cells of villi at the tip might
not be able to adapt themselves very well to any abnormal
blood circulation, and therefore would easily lose their normal
physiology under certain harsh conditions[20]. Injuries due to
hypoxia usually emerged later in both intestinal crypts and
basal part of villi than in the apical area of villi[21]. This may
indicate that the crypts, as compared with villi, are relatively
more resistant to hypoxic injuries. Such resistance is important
in maintaining the optimal endocrine function and the
regenerative capability of mucosa even after shock resulting
from excessive blood loss.
Our results also showed that there were marginal capillaries
on both sides of the small intestinal villi. These capillaries
descended from the apical part of the villi to the basal part
along its margin. It crossed the cryptal plexus and connected
to the capillary network. So far, there have been no report
regarding this connection. Before this study, it had been
considered that there was only one venous return path from
the small intestinal capillary. In other words, blood from
capillary venules converged into the venous plexus in the
submucosa[16,17,22]. Studies on marginal capillary have been
developed since Mohiuddin[19] described the marginal capillary.
It was reported recently that marginal capillary was more
manifest in jejunum than in ileum[23,24], but its relationship with
its adjacent villous plexus was not found in both jejunum and
ileum. It is thus considered that the marginal capillary transports
blood to the villous margin. Therefore, the findings from the
this study regarding the marginal capillary and its relation with
its adjacent villi suggest that the collateral circulation may exist
before the venous return from the villi. That is, the marginal
capillary delivers blood partially into the adjacent villous
capillary networks. This architecture of the villous plexus may
have been adapted to the movement of intestines as well as to
the digestive and absorptive activities. After eating, the small
intestine speeds up its motility. Villi not only have tight contacts
with the chyme but also are subjected to mechanical pressure
from the passing chyme. If the villous venules are depressed,
blood return to the villi will be blocked. Therefore, blood can
be collected into the adjacent villous plexi through the marginal
capillary. This helps maintain a normal blood circulation in
the villi, and their digestive and absorptive functions are carried
out normally.
In the newborn rat villi, capillary network was not formed
although only simple microvascualr architecture was formed.
The later developed capillary network is probably due to the
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formation of slender transcapillary tissue pillars, which give
rise to new vascular meshes[25,26]. During villous formation,
the developing vascular nets played an important role and the
apical capillary loop in a villous was anchored to epithelial
basal membrane or to the adjoining matrixes[27]. After 3 weeks,
the villous microvascular architecture tended to grow in full
scale. During ablactation period, the villous capillary network
was formed, and the diametral ratio of villous arteriole to villous
venule was one-third, which consolidated the normal digestion
and absorption. The villous plexus in adult rats became higher
and wider, providing more nutrition for the body. In aged rats,
the tip of the villous plexus caved in, the position of villous
venule was relatively high. The increases in diametral ratio of
villous arteriole to villous venule caused high blood pressure,
which degraded the transportation and absorption of nutrition.
All of these demonstrate the important role of the vascular
architecture in maintaining an efficient absorption of nutrition
for the malfunctional intestines in the aged animals.
The primary penetrating vessels in the submucosa formed
an extensive submucosal plexus that supplied the tunica serosa,
tunica muscularis, and tunica mucosa[28]. Fewer branches of
this plexus supply the muscle layers, and most of branches run
towards the mucosa and to supply blood to the villous and the
cryptal plexus[29]. Therefore the vascular permeability mainly
depends on the villous plexus, namely vascular architecture
and endothelial structure. Under normal physiological
condition, small molecules can easily enter or come out of
blood vessels, but the large size substances must be transported
through endothelial hole or plasmalemmal vesicle[30]. Since
there were no endothelial holes and very few plasmalemmal
vesicles in newborn rats, these large size substances must be
selected to pass through the endothelium, which may be a
protection for the immature immune system. The emergence
of a few of endothelial holes and plasmalemmal vesicles during
ablactation period indicate that the big molecular substances
can be transported. The endothelium of adult rats have a plenty
of plasmalemmal vesicles, and microvascular permeability was
twice as high as that of the ablactation rats. In the aged rats,
the endothelium became thinner, and the number of
plasmalemmal vesicles became smaller while the number of
endothelial holes became bigger. The diametral ratio of villous
arteriole to villous venule increased as animals become older.
The blood pressure was higher in old rat villi. The larger
number of endothelial holes and higher blood pressure resulted
in double increase in the microvascular permeability of the
aged rats as compared with the adult rats. The thickened basal
membrane may be due to a compensatory response, which may
prevent any injurants from entering the blood vessels in the
aged rats. Based upon the above information, one can say that
aging or degradation of blood vessels may underlie the
mechanisms of systematic aging.
In summary, the microvascular architectures of rat intestinal
villi are complex. Each villi has its own blood supply and
venous return paths. Furthermore, one villi can supply blood
to its adjacent villi through the marginal capillary. These
complex connections in the villi help avoid a shortage of blood
supply or blockade of venous blood return. Normal digestive
and absorptive functions are thus protected. With regard to
the small intestine of other species, whether there is a marginal
capillary and venous return collateral circulation is a matter of
future study.
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Abstract
AIM: To study the detail mechanism of interaction between
PKC and GRK2 and the effect of GRK2 on activity of PKC.
METHODS: The cDNA of pleckstrin homology (PH) domain
located in GRK2 residue 548 to 660 was amplified by PCR
with the mRNA of human GRK2 (β1-adrenergic receptor
kinase) as template isolated from human fresh placenta,
the expression vector pGEX-PH inserted with the aboved
cDNA sequence for GRK 2 PH domain protein and the
expression vectors for GST (glutathion-s-transferase) -GRK2
PH domain fusion protein, BTK (Bruton’s tyrosine kinase)
PH domain and GST protein were constructed. The
expression of GRK2 in culture mammalian cells (6 cell lines:
PC-3,MDCK, SGC7901, Jurkat cell etc.) was determined by
SDS-PAGE and Co-immunoprecipitation. The binding of GRK2
PH domain, GST-GRK2 PH domain fusion protein and BTK
PH domain to PKC in Vitro were detected by SDS-PAGE and
Western blot, upon prolonged stimulation of epinephrine,
the binding of GRK2 to PKC was also detected by western
blot and Co-immunoprecipitation.
RESULTS: The binding of GRK2 PH domain to PKC in Vitro
was confirmed by western blot, as were the binding upon
prolonged stimulation of epinephrine and the binding of BTK
PH domain to PKC. In the present study, GRK2 PH domain
was associated with PKC and down-regulated PKC activity,
but Btk PH domain up-regulated PKC activity as compared
with GRK2 PH domain.
CONCLUSION: GRK2 can bind with PKC and down-regulated
PKC activity.
Yang XL, Zhang YL, Lai ZS, Xing FY, Liu YH. Pleckstrin homology
domain of G protein-coupled receptor kinase-2 binds to PKC
and affects the activity of PKC kinase. World J Gastroenterol
2003; 9(4): 800-803
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INTRODUCTION
G protein-coupled receptor kinase-2 (GRK), also known as
β1-adrenergic receptor kinase (β-ARK1), plays an important
role in agonist-induced desensitization of the β-adrenergic

receptors. Activation of protein kinase C (PKC) is able to
stimulate phosphorylation and activation of GRKs and induce
desensitization of G protein-coupled receptor. However, the
detail mechanism of interaction between PKC and GRK2 and
the effect of GRK 2 on activity of PKC remain unknown.
Pleckstrin homology (PH) domain is a kind of functional
domain containing 120 amino acids, which exist on many
protein molecules that involved in cellular signal transduction.
A PH domain located in GRK2 residue 548 to 660 may play a
significant role in mediating interaction between PKC and
GRK 2. In the present study, we showed that PKC could
associate with PH domain of GRK2 in pull-down assay in vitro.
Co-immunoprecipitation displayed binding of PKC to GRK2
in intact Jurkat cells after prolonged stimulation of epinephrine.
Assay of PKCβ1 kinase activity indicated that the binding of
the PH domain of GRK2 to PKCβ1 could down-regulate the
activity of PKCβ1 kinase. Thus, GRK2 may play a negative
feedback regulatory role on PKCβ1 activity in interaction
between GRK2 and PKCβ1.
G protein-coupled receptor kinase-2 is a member of the
GRK family existing of at least 6 GRKs[1]. GRKs are implicated
in agonist-induced phosphorylation and homologous
desensitization of G protein-coupled receptor (GPR).
Phosphorylation sites of the GPR by GRK are located in the
carboxyl tail of the receptor and involved amino acid residues
at positions serine 404 408, and 410[2]. These phosphorylation
sites are thought to initiate desensitization of GPR.
It has been recently reported that protein kinase C (PKC)
could phosphorylate and activate GRK which sequentially
mediated desensitization of GPR[3]. In addition, PKC could
directly phosphorylate GPR and initiate desensitization of the
receptors[4]. Thus, PKC likely participates in phosphorylation
and homologous desensitization of adrenergic receptor at
multiple levels. Furthermore, both activated GRK and PKC
are recruited to the specific membrane and GRK may localize
o n th e m em br an ce via its PH do m ain bin ding to
phosphatidylinositol phosphates. Both recruitment to
membrane will facilitate the association of PKC with GRK.
Deletion or mutation of the PH domain will abolish GRK
faculty of phosphorylating and activating GPR[5]. PH domain
of GRK plays a pivotal role in mediating the phosphorylation
and desensitization of the receptors. However, as to detail
mechanism of PKC, how to interact with and activate GRK
remains unclear.
PH domain has been distinguished from more than 100
molecules that are implicated in signaling and other biological
function. The main function of PH domains is to mediate
protein-phospholipid and protein-protein interaction. Up to
now, several molecules such as phosphatidylinositol
phosphates, Gβγ, RACK1, PKC, Gα subunit-12 and F-actin
have been identified as ligands of PH domains. It was reported
by Yao et al(1994) [6] that the PH domain of Btk and Itk
interacted with protein kinase C. Afterwards, the interactions
between PKC and other PH domains of the molecules were
also confirmed by different groups. Those PH domains that
bind to PKC share a high homology in 1st-4th β strands[7] which
formats a relatively reserved face binding to PKC. But other
PH domains that can interact with PKC remain to be identified.
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PKC is a family of serine/threonine protein kinase, which plays
significant roles in numerous cellular responses (including cell
proliferation, differentiation, growth control, tumor progression,
apoptosis etc.)[8]. Besides the event of PKC phosphorylating
GRK2 discussed above, PKC can phosphorylate GRK5 and
modulate the activity of GRK5[9]; PKC can also lead to olfactory
signal termination and desensitization [17] via other GRK2;
Agonist stimulation results in oxytocin receptor interaction with
GRK and PKC [10]. Moreover, PKC presents a manner of
phosphorylating directly to muscarinic receptor and leading
to the desensitization receptor[11].
Like most interaction between signaling molecules, PKC
is likely associated with GRK2 before phosphorylating and
activating GRK2. To elucidate detail mechanism of interaction
between GRK2 and PKC, we reported the study on interaction
between PKC and GRK2. It is expected that present study will
provide new insights into understanding of the modulation
mechanism of PKC in GRK2 mediating signaling pathway. It
is also expected that the present investigation can illustrate the
importance of the GRK2 PH domain in interaction with PKC.

MATERIALS AND METHODS
Materials
Anti-GRK 2 , anti-PKCβ 1 and secondary antibodies
conjugated with horseradish peroxidase were purchased from
Santa Cruz Biotechnology. PKC assay kit (Sigma TECTTM
PKC assay system) and reverse transcription kit were from
Promega. Glutathione-agarose beads was from Sigma.
Expression vector pGEX-4T-1 and ECL detection kit (for
western blotting) were from Amersham Pharmacia Biotech.
PVDF membrane was from Millipore. Rabbit IgG was from
Sino-American company (China). Protein A-agarose was
from Pierce Inc.
Methods
Construction of expression vector pGEX-PH The mRNA
of human GRK2 (β1-adrenergic receptor kinase) was isolated
from fresh human placenta[12], and reverse transcription was
performed according to the kit protocol. cDNA of PH domain
(residue 548 to 660) [13] was amplified by PCR with
oligonucleotides containing BamHI sites (forward,
CGGGATCCGGCCACGAGGAAGACTAC) and EcoRI sites
(reverse, GGAATTCTCACCGCTGCACCAGCTGCTG). The
products were purified from agarose gel and the resulting
fragments were digested with Bam HI and EcoRI, respectively.
The resulting fragments were ligated in frame between Bam
HI and EcoRI sites of plasmid pUC-19. The resulting plasmid
(termed pUC-PH) was resolved by sequencing. The fragments
were excised from pUC-PH and ligated in frame into
expression vector pGEX-4T-1, named pGEX-PH.
Expression and purification of GST fusion protein GSTGRK2 PH domain, Btk PH domian and GST were expressed
in Escherichia coli strain DH5α. Here was Btk PH domian
positive control[6]. The expression was induced with 0.2 mM
for 1 hour in LB medium containing 1 %
of IPTG at 26
glucose. Briefly, the bacteria were resuspended in ice-cold STE
buffer (10 mM Tris-HCl, 150 mM NaCl,1.0 mM EDTA,1.0
mM phenylmethylsulfonyl fluoride and 0.1 mg/ml lysozyme,
pH 8.0) on ice for 20 min. The treated bacteria were added
dithiothreitol to 5.0 mM and sarkosyl to 1.5 % on ice until
the solution became viscous, and then lysed by sonicate (3040 output,1 min×2, at 4 ). Cell lysate was centrifuged at
10 000×g for 20 min at 4 . Component of both supernatant
and the pellet was separated by SDS-PAGE to determine the
distribution of the fusion protein. The supernatant was added
Triton X-100 to 2 %, and then filtered with 0.45 mm membrane.
The solution was saved as the fraction containing interested
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proteins, and then the treated glutathione-agarose beads were
added to solution at 4
for 2 hours with occasional gentle
mixing. The beads were washed with PBS and centrifuged at
800×g, 4
for 3 min×5 times. The pellet was subjected to
SDS-PAGE in 12 % gels. In order to utilize 1 equivalent amount
of GST and fusion proteins for the following assay, the protein
concentration was modulated according to band sizes in SDSGAGE gel.
Determination of GRK2 expression in mammalian cell lines
MDCK, SGC7901, DU145, PC-3, U937 and Jurkat cells were
maintained in Dulbecco’s modified eagle’s medium or 1640
medium with 10 % (v/v) new born bovine serum and a 5 %
CO2 humidified atmosphere at 37 . In brief, the 107 cells
were harvested by centrifuging or scraping off, respectively,
washed by PBS at 4
and then incubated with 1 ml of lysis
buffer (20 mM Tris-HCl, pH 7.5, 10 mM KCl, 1 mM EDTA,
0.5 mM phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin and
1 µg/ml aprotinin) on ice for 20 min with casually and vigorously
vortexing. The mixtures were centrifuged at 12 000×g for 10
min at 4 . The supernatants were saved as GRK2-contained
or PKB-contained preparations for western blot.
Cell culture and lysis Jurkat T lymphocytes were maintained
as above with RPMI 1640 medium. The 2×107 cells were divided
into 2 parts and were serum-freed for 8 h. followed by 0.5 h
treatment without (Control) or with epinephrine. The stimulation
was stopped by removal of the medium and adding 3 ml of icecold phosphate-buffered saline, which was also used for two
similar washing steps with centrifugation at 500×g for 5 min.
Protein-protein interaction assay Approximately 20 µg of
the GST and GST fusion proteins immobilized on glutathioneagarose beads was incubated with the 0.3 ml of Jurkat T
lymphocyte supernatant at room temperature for 2 hours with
gentle mixing. The beads were then washed five times with
1 ml of ice-cold PBST (PBS with 0.05 % tween-20). The
eventual bead pellet was resolved by SDS-PAGE. Equivalent
amount of the fusion protein or GST alone was used for the
following assay.
Western blot-the resolved proteins were electrotransferred
onto PVDF membrane. The membrane was blocked by
for 1 h with
incubating with 5 % gelatin in PBST at 37
gentle vibration, and then incubated with 1 µg of anti-PKCβ1
antibody at 4 overnight. The membrane was then washed 5
times with PBST and incubated with horseradish peroxidaseconjugated anti-rabbit secondary antibody at room temperature
for 1 h with gentle vibration. The membrane was finally washed
6 times with PBST to remove unbound secondary antibody
and visualized by using ECL (Amersham Pharmacia Biotech).
Co-immunoprecipitation assays 107 Jurkat cells were lysed
in 1 ml of lysis buffer (20 mM sodium phosphate, pH 7.5, 500
mM NaCl, 0.1 % SDS, 1 % NP-40, 0.5 % sodium deoxycholate,
0.02 % sodium azide, 0.5 mM phenylmethylsulfonyl fluoride,
2 µg/ml leupeptin and 2 µg/ml aprotinin). Briefly, 10 µg of
anti-PKCβ1, or anti-GRK2 antibodies and rabbit IgG were
added to 200 µl of the lysate, respectively, then the samples
were incubated overnight at 4 . The products were added 40
ml of immobilized protein A (Pierce Inc) and incubated at room
temperature for 2 h with gentle mixing. The products were
added 0.5 ml lysis buffer (without protease inhibitor) and
centrifuged at at 500×g, 4
for 3 min. The supernatant was
discarded and this procedure was repeated for 6 times. In brief,
the pellets were subjected to SDS-PAGE. The proteins were
electrotransferred onto PVDF membranes. The membranes
were blocked with gelatin and incubated with anti-PKCβ1 or
anti-GRK2 antibodies, respectively. The membranes were
probed and visualized as described above.
PKC kinase assay The fusion proteins and GST were purified
as described above, and washed extensively with PBST. After
washing, the GST-fusion proteins and GST were eluted with
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20 mM of reduced glutathione in 50 mM Tris·HCl (pH 8.0).
The eluted proteins were concentrated using a Centricon
(Millipore). Protein concentrations were determined with
Bradford reagent (Bio-Rad). Equivalent amounts of the protein
were added to the 100 µl lysate of Jurkat cells. According to
manufacturer’s instruction (Sigma TECT TM PKC assay
system), the activity of PKC in the lysate was determined by
subtracting the radioactivity of the reaction with control buffer
and 100 µM PKC peptide inhibitor from that of the reaction
without activated buffer nor the PKC inhibitor. The experiment
was performed in triplicate samples for each groups. The data
were presented as percentage of PKC activity and the control
was used as 100 %.

RESULTS
Binding of GRK2 PH domain to PKC in vitro
To search for potential binding between the expressed proteins
(GST-GRK2 PH domain, GST-Btk PH domain and GST) and
PKCβ1, the proteins immobilized on glutathione-agarose beads
were added to lysate of Jurkat cells, and then the products were
subjected to SDS-PAGE and Western blot. The potential
PKCβ1 was probed with anti- PKCβ1 antibody. As shown in
Figure 1, the GST fusion proteins encompassing GRK2 PH
domain and GST-Btk PH domain associated specifically with
PKCβ1 because the GST did not pull out PKCβ1 under the
same experimental conditions. Binding of Btk PH domain to
PKCβ1 was formerly approved. We confirmed the binding of
GRK2 PH domain to PKCβ1 which was specific in vitro.
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Figure 1 The binding of PH domain to PKC by Western blot
with the antibody to PKC. Lane 1, 2, 3, 4 and 5 were the GST-PH
domains of IRS-1, GRF/c, β-ARK1, PLCγ/n and Btk, respectively;
lane 6 was the GST; lane 7 was lysate of Jurkat cells.

Determination of expression of GRK2 in cultured mammalian cells
In order to detect the association of GRK2 with PKC in vivo, GRK2
expression of 6 cell lines were confirmed by western blot in
advance. The same amount of the protein was utilized in SDSPAGE. The results indicated GRK2 were expressed in PC-3,
MDCK,7901 and Jurkat cell lines. The GRK2-antibody could react
with GRK1 in MDCK and 7901 cell lines,and the antibody could
specifically recognize GRK2 in Jurkat cells. Thus, the following
Co-immunoprecipitation assays was performed in Jurkat cells.
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Figure 2 The expressing of GRK2 by Western blot with the
antibody to GRK2. Lane 1, 2, 3, 4 were the results of Western
blot in PC-3, MDCK, 7901 and Jurkat cell line respectively. Lane
5,6 was GST.

Binding of GRK2 to PKC upon prolonged stimulation of epinephrine
Phosphorylation and activation of GRK by PKC enhance
desensitization of G protein-coupled receptor. In the pull-down
assay, our result indicated that the PH domain of GRK2 was
associated specifically with PKC in vitro. To determine the

3

4

Figure 3 After stimulation of epinephrine, Co-immunoprecipitation was performed with anti-GRK2 and anti-PKC in coprecipitation and detection of PKC and GRK2. Lane 1 was PKC
detected in precipitate of GRK antibody, lane 2 was GRK2 detected in precipitate of PKC antibody.Lane 3 indicated the PKC
did not bind to GRK2 in the intact cells without stimulation of
epinephrine ,lane 4 was the lysate of Jurkat cell.

Effects of GRK2 and Btk PH domains on PKC activity
Effects of proteins on PKC activity were determined as described
under the experimental Procedures. After purification as
described above, the expressed proteins were eluted and dialysed
in PBS. Equivalent amounts (20 µg) of GST-GRK2 PH domain,
GST-Btk PH domain and GST were added to the lysate of Jurkat
cell lysate (100 µl) in determining PKC activity. When Btk
associated with PKC, Btk activity was down-regulated by PKC
and PKC activity was up-regulated by Btk PH domain. In the
present study, GRK2 PH domain was associated with PKC and
down-regulated PKC activity but Btk PH domain up-regulated
PKC activity as compared with GST and untreated cells.
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association of PKC with GRK2 in vivo after stimulation of the
agonist of β-ARK, 100 µm epinephrine was added to the cells
in 1640 medium for 30 min. Co-immunoprecipitation was
performed with specific anti-GRK2 and anti-PKC antibodies
in co-precipitation and detection of PKC and GRK. After
stimulation of 100 µm epinephrine for 30 min, PKC was
detected out in the precipitate of GRK antibody and GRK was
detected out in precipitate of PKC antibody, respectively. In
contrast, the PKC did not bind to GRK2 in the intact cells
without stimulation of epinephrine. Thus, the results indicated
that the association of PKC with GRK2 was involved in GRK2
activation and desensitization of G protein-coupled receptor.

Percentage of PKC activity
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Figure 4 Effects of the PH domain on PKC activity measured
by protein kinase C Assay System. The volume was percentage of PKC activity. The data were representation of two
experiments. Lanes 1, 2, 3, 4 and 5 were GST-PH domain of
IRS-1, GRF/c, β-ARK1, PLC γ/n and Btk, respectively; lane 6
wasthe GST; lane 7 was lysate of Jurkat cells.

DISCUSSION
The GRK family is composed of six members, namly GRK 16. Of these, GRK2 phosphorylates G protein-coupled receptors
(GPCRs) and plays an important role in mediating homologous
desensitization of GPCRs. Chuang’s work showned the activity
of GRK2 was increased[14] in a protein kinase C (PKC)-dependent
manner. Further study demonstrated that PKC could directly
phosphorylate GRK. This study suggested that GRK could be
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activated via phosphorylation of PKC. Recent work had led to
the identification of phosphorylation site at GRK2, the study of
Krasel and co-worker showed that PKC phosphorylated GRK2
at serine 29[15], but the detail mechanism of PKCβ1 recognizing
and binding to GRK2 remains unknown. In present study, we
reported that GRK2 could bind to PKC via its carboxyl-terminal
PH domain in vitro, which was a fundamental event in mediating
interaction between PKC and GRK2. The present result suggested
the GRK ph domain had an analogous fashion to PH domain of
Btk and Itk, which could interact with protein kinase C[6] in our
previous study. The PH domain of GRK2 is probably involved
in directly binding of GRK 2 to PKC and facilitates
phosphorylation and activation of GRK2 by PKC.
Stimulation of agonist (epinephrine) on adrenergic receptor
results in association of PKCβ 1 with GRK2 in Jurkat cells.
GRK2 could through its PH domain can directly bind to PKC
and then be phosphorylated by PKC. But in intact cells (without
stimulation of epinephrine), PKC and GRK2 are in dissociated
state. The epinephrine stimulation on adrenergic receptor may
activate phospholipase C (PLC), and initiates a cascade of
events. The stimulation causes PLC-mediated hydrolysis of
inositol phospholipids, and results in calcium mobilization and
production of second messenger diacylglycerol (DAG). The
DAG and Ca++ are activators of PKC, and cause activation of
PKC[16]. In the present study, activated PKC is likely to bind to
and phosphorylate GRK2 directly, which phosphorylates Gprotein coupled receptor and results in receptor desensitization.
In this signaling pathway, activation of PKC appears to be
prior to receptor desensitization and is of fundamental
importance in regulating the receptor desensitization.
Those PH domains from Btk, β -spectrin, dynamin and
amino-terminal of AFAP-110 known directly binding to PKC
share a high homology at first three β-sheets[7]. These β -sheets
form conserved structure elements and may specifically bind
to PKC. Table 1 showed the residue comparison of PH domains
from GRK2 and GRK3 with these PH domains. The PH domain
of GRK2 and GRK3 matches that consensus well. This may
form a structured base of PH domains binding to PKC.
Table 1 First three β sheets of PH domains of GRK2 and GRK3
are compared with other PH domain known or predicted to
bind to PKC
PH domain (source)

β1

β2

Btk

ESIFLKT--SQQKKKTSPLS--NFKKRLFLLT-VH-KLSYYEYDF
MEGFLNRKH-EWEAHNKKASSR-SWHNVYCVIN-NQ--EMGFYKDAK

Dynamin

RKGWLTI---NNIGIMKGGS----KEYWFVLT--AE--NLSWYKDDE

AFAP, Nt PH domain ICAFLLRKK-RFGQ----------WTKLLCVIK-EN--KLLCYKSSK
1* +*

++*****

domains binding to PKC regulatory domain and regulating
activity of PKC kinase. Biological function of Btk PH domain
inhibiting PKC activity will be laid in future investigation. The
present study indicated that PKC through its binding to the PH
domain of GRK and facilitates phosphorylation and activation
of GRK by PKC when stimulated by epinephrine. On the other
hand, GRK2 PH domain appeared to play a negative feedback
regulatory role on PKC activity. GRK2 immediately turns off
PKC kinase activity on GRK after PKC completed
phosphorylation and activation of GRK.
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Abstract
AIM: To propose a simple and effective method suitable for
analyzing the angle and distribution of 2-dimensional collagen
fiber in larger sample of small intestine and to investigate
the relationship between the angles of collagen fiber and
the pressure it undergoes.
METHODS: A kind of 2-dimensional visible quantitative
analyzing technique was described. Digital image-processing
method was utilized to determine the angle of collagen fiber
in parenchyma according to the changes of area analyzed
and further to investigate quantitatively the distribution of
collagen fiber. A series of intestinal slice’s images preprocessed
by polarized light were obtained with electron microscope,
and they were processed to unify each pixel. The approximate
angles between collagen fibers were obtained via analyzing
the images and their corresponding polarized light. The
relationship between the angles of collagen fiber and the
pressure it undergoes were statistically summarized.
RESULTS: The angle of collagen fiber in intestinal tissue
was obtained with the quantitative analyzing method of
calculating the ratio of different pixels. For the same slice,
with polarized light angle’s variation, the corresponding ratio
of different pixels was also changed; for slices under different
pressures, the biggest ratio of collagen fiber area was
changed either.
CONCLUSION: This study suggests that the application of
stress on the intestinal tissue will change the angle and
content of collagen fiber. The method of calculating ratios
of different pixel values to estimate collagen fiber angle was
practical and reliable. The quantitative analysis used in the
present study allows a larger area of soft tissue to be analyzed
with relatively low cost and simple equipment.
Zeng YJ, Qiao AK, Yu JD, Zhao JB, Liao DH, Xu XH, Hans G. Collagen
fiber angle in the submucosa of small intestine and its application
in gastroenterology. World J Gastroenterol 2003; 9(4): 804-807
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INTRODUCTION
Several G.I. diseases can change the collagen fiber structure
in the G.I. tract [1-4]. The collagen fiber content and its
distribution outside the cell are closely related to some diseases.
For example, systemic sclerosis (scleroderma) will replace
smooth muscle and deposit large amounts of collagen instead.
Gastrointestinal sclerdema is a common clinical disorder;
however, due to its complicated etiology, most of them are
not easily diagnosed and all the patients with such disease
manifested distinct collagen fiber transformations. Early
co ll ag e n f i b er t r an sf o r m at io n s ar e s we ll in g a n d
homogenization and then become thickened, sclerosed and
arranged in a close order[5-9]. Collagen synthesis is increased
especially the ratio of fine collagen fibers; at the same time,
the smooth muscle fiber bundles become homogeneous,
sclerosed and atrophic. There are changes occurred in the
orientation of collagen fibers[10-13]. Obstructive diseases could
also change the collagen structure and content[14-16]. In normal
tissue the submucosal layer consist almost entirely of collagen,
which is called the skeleton of the small intestine, and it is
well known that the fibers run in a cross-cross pattern with 30
degrees angle in longitudinal direction[17-20]. The directional
distribution of collagen fibers has a very important role in
studying the function and self-repair of soft tissue[21].
The application of digital image-processing technology in
medicine field has offered an accurate, simple, convenient and
rapid method for the measurement and analysis of large
amounts of medical images, especially for the quantitative
analysis of smaller pictures, such as microscopic images. At
the present time, the techniques for the quantitatively analyzing
the distribution of collagen fibers consist mainly of several
kinds as follows: that is, the method of quantitatively polarized
light microscopy, small angle beam dispersion, image analysis
and X-ray diffraction. These methods will sometimes be
constrained by the image size, time cost or image connecting,
and 90o orientation of template etc[23].
The purpose of this paper is to propose a method suitable
for analyzing the angle and distribution of 2-dimensional
collagen fiber in larger sample and to investigate the
relationship between the angles of collagen fiber and the
pressure it undergoes. At the same time, this paper also offers
an effective method for research of the large area collagen
fiber distribution.
MATERIALS AND METHODS
Isolation of small intestine
Seven Sprague-Dawley (250-300 g body wt) rats were used in
this sdudy. They were fasted but free access to water for 24
hours before experiment. Approval of the protocol was obtained
from the Danish Animal Experiment Committee. After animal
was euthanized by cervical dislocation, its abdomen was opened
and the small intestine was separated from the adjacent organs.
An 18-cm-long segment from the middle part of small intestine
was cut and excised within 2 min, then transferred to an organ
bath containing oxygenated Krebs-Ringer-bicarbonate solution
at pH 7.4 with 6 % Dextran and 2 mL EGTA.

Zeng YJ et al. Analysis of Collagen fiber angle of intestine

Procedures
The specimen was further cut into six 3-cm-long segments.
One of the six segments served as control and was fixed in 4 %
formalin in no-load condition. The 5 segments left had one
end ligated while the other end was connected via a tube to a
fluid container for application of different pressures, which
were 2, 5, 10, 15 and 20 cm H2O respectively. Before we
pressurized the intestinal segments, we placed some
microbeads on surface of the middle part of the segments. Then
the outlet was clamped to maintain the volume. After applying
pressure for 3 minutes, a record of the whole intestine segment
and the part with dots was obtained using video-camera (SONY
CCD/RGB, JAPAN) to monitor the whole process (refer to
Figure 1) performed under room temperature.
After the specimen was fixed in 4 % formalin for 24 hours,
1.0 cm long and 0.5 cm long transverse sections were taken
from the middle part of specimen and dehydrated in a series of
graded ethanol (70 %, 90 %, 95 % and 100 %) and embedded
in paraffin respectively. 5 µm serial slices were cut and stained
with picrosirius red for collagen analysis and HE (hemotoxylin
and eosin) for general histological observation[22-26].
Video camera

Pressure (cm H2O)
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part[21], in this way, their ratio to the entire analyzing area can
be figured out as well.
Accordingly, we can obtain the relationship between the
angle and its area ratio to the entire area. Since the collagen
fiber distribution is uniform, that is, reticular in shape, its
longitude and latitude lines are +30 degree and -30 degree to
the muscle fiber direction. The area ratio for which is therefore
the biggest, we can utilize the area ratio to reckon the collagen
fiber angle.

(a) Original image

Intestinal segment
Figure 1 Slice record.

Image acquire
A series of polarized images of intestine slice was acquired by
the recorder through microscope at every δ degree angle, and
then stored in computer through image collecting card with
TIFF format (RGB system type). The TIFF format, a very
popular in use currently to reflect the details of the slice images
distinctly, and the pixel values in the polarized images are
suitable for the principles presented previously very well[27-29].
Therefore we took the TIFF form to verify the method’s
feasibility and practicality.
In polarized light microscope, polarized light is delivered
onto the sample to be analyzed and handled after being passed
through two filter glasses. When the angle between optical
axis of the two polarizing lens is 0 degree (that is, both of the
two optical axis are parallel to the muscle direction), the
blackest image area will be the part where the collagen fiber
angle is 90 or 0 degree to the optical axis. Such an image area
is also the part where the pixel values are minimum. Therefore,
through image analysis we can find out all the area where the
collagen fibers are parallel to muscle direction and thereby
figure out the area ratio between the study area and the entire
analysis Area (abcd). In the slice image analysis, the collagen
fiber manifested as some pink striation (f) and the muscle fiber
(e) some buff [4] (refer to Figure 2).
Rotating the polarizing eyepiece while maintaining the
objective lens and the experiment sample stable can make
muscle fiber direction coincide with the optical axis of
polarizing objective. When the polarizing eyepiece is rotated
δ degree, all the areas where the collagen fiber are δ degree or
90 + δ degree with the muscle fiber will present in the blackest

(b) Polarized image (δ=0 degree)

(c) Polarized image (δ=5 degree)

(d) Polarized image (δ=10 degree)

Figure 2 Image processing.
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Image processing
The image processing is the key part of the research, which is
eventually based on the analysis of every image’s pixels,
namely, first to normalize the pixel value and then to use proper
algorithms to obtain results. When all the data are summed up,
the distribution relationship of collagen fibers can be obtained
reversely through the regression curve.
Since the scope of the images recorded is so large that there
can include a great deal of muscle tissue and other unrelated
background (Figure 2), which should be removed by the image
filter before the analysis. The area selected for analysis should
be done on the original image before it was polarized.
In this study, the background noises were excluded directly
with a frequency domain strengthening method because both
of the edge and noise in the image correspond to the high
frequency section of the image’s Fourier transformation, we
could weaken this part of the frequency to lessen its influence
in the frequency domain[30-33].
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Figure 3 Relationship between angles of polarized light and
their corresponding pixel ratio in series of slice images.
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Figure 4 Relationship between pressures tissue received and
their corresponding fiber angle.
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RESULTS
According to the steps mentioned above, the calculation results
were shown in Table 1, where the first column listed the pressures
the tissue were received and the first row was the polarized light
angles being rotated. We found that for the same slice, with
polarized light angle’s variation, its corresponding area ratio is
not identical; for each tissue under different pressures, its biggest
area ratio is not identical either. To obtain the smooth curve
showing the relationship between the angle and the
corresponding ratio, we made a nonlinear normality on the
sample data[36], the abscissa of the curve was δ’s integer multiple
and the ordinate the series value in array Y(i) (Figure 3).
The relationship between pressures tissue received and their
corresponding fiber angle was shown in Figure 4.
The relationship between pressures tissue received and their
corresponding biggest ratio was shown in Figure 5.
We tested other intestinal slice’s images (of the same animal)
and found that their properties above were similar by and large.

f

0.80

Data processing
For the purpose of saving much more information of each pixel,
the matrix was unified. Take matrix F (m,n) as the basis for
further processing, the data less than the chosen threshold value
were considered as the collagen fiber area in the polarized
image. Figure out the pixel’s number that was less than the
chosen threshold value s (j)[34,35]. And made:
s (j)
b(j)=
;
m×n
b(j) was equal to the area ratio of collagen fiber and the chosen
observed area in polarized image j. From this we got series of
the ratio sequence, which were stored into array Y(j).
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Figure 5 Relationship between pressures tissue received and
their corresponding biggest ratio.

DISCUSSION
From the data in Table 1, we found that in the same tissue
sample there exist obvious alterations in the collagen area ratio

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

0o

5o

10o

15o

20o

25 o

30 o

35o

40 o

45o

0 cm

.7288

.7465

.7016

.6694

.6238

.5978

.7666*

.5290

.4852

.4669

2 cm

.7649

.7713

.7732

.7890

.7576

.7399

.7245

.7956*

.6730

.6654

5 cm

.6817

.6874

.6959

.7118

.7535

.7591

.7632

.7744

.7976*

.7664

H2 O

10 cm

.7162

.7375

.7563

.7877*

.7730

.7469

.7272

.6866

.6764

.6684

15 cm

.7139

.7285

.7455

.7611

.7760

.8337*

.8000

.7693

.7580

.6873

20 cm

.7548

.7700

.7885

.8125

.8270*

.7807

.7457

.7400

.7372

.7320

Zeng YJ et al. Analysis of Collagen fiber angle of intestine

as the angles of polarized light changed; In different slice’s
images with different pressures, its biggest ratio was also not
identical (Figure 4), and the biggest value was fairly obvious.
However, it can not be determined whether the magnitude of
collagen fiber angle and the fiber content are all in direct
proportion with the pressure that the intestines received (Figure
4, Figure 5), because this depends some degree on the way
how it receives the pressure. Using other methods to change
its stress still needs to be tested in future experiments. The
method of calculating ratios of different pixel values to estimate
collagen fiber angle has its feasibility and reliability, which
allows a larger area of soft tissue being analyzed with relatively
low cost and simple equipment. The disadvantage of this method
is the difficulty in determining an appropriate threshold value
as well as a definite scope suitable for analyzing which have
very important influence on the study results. At the same time,
the less δ is to be selected, the more accurate the angle will be.
This paper has tried to acquire the collagen fiber angle of
soft tissue in intestine slice through introducing a quantitative
analysis method for calculating different pixel values whose
validity is verified with computer program, and suggested a
practical and effective method for basic research on G.I. disease.
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Abstract
AIM: To determine the regulation effects of recombinant
human growth hormone (rhGH) on dipeptide transporter
(PepT1) in Caco-2 cells with normal culture and anoxia/
reoxygenation injury.
METHODS: A human intestinal cell monolayer (Caco-2) was
used as the in vitro model of human small intestine and
cephalexin as the model substrate for dipeptide transporter
(PepT1). Caco-2 cells grown on Transwell membrane filters
were preincubated in the presence of rhGH in the culture
medium for 4 d, serum was withdrawn from monolayers for
24 h before each experiment. The transport experiments of
cephalexin across apical membromes were then conducted;
Caco-2 cells grown on multiple well dishes (24 pore) with
normal culture or anoxia/reoxygenation injury were
preincubated with rhGH as above and uptake of cephalexin
was then measured.
RESULTS: The transport and uptake of cephelaxin across
apical membranes of Caco-2 cells after preincubation with
rhGH were significantly increased compared with controls
(P=0.045, 0.0223). Also, addition of rhGH at physiological
concentration (34 nM) to incubation medium greatly
stimulates cephalexin uptake by anoxia/reoxygenation
injuried Caco-2 cells (P=0.0116), while the biological
functions of PepT1 in injured Caco-2 cells without rhGH were
markedly downregulated. Northern blot analysis showed that
the level of PepT1 mRNA of rhGH-treated injured Caco-2
cells was greatly increased compared to controls.
CONCLUSION: The present results of rhGH stimulating the
uptake and transport of cephalexin indicated that rhGH greatly
upregulates the physiological effects of dipeptide transporters
of Caco-2 cells. The alteration in the gene expression may be
a mechanism of regulation of PepT1. In addition, Caco-2 cells
take up cephalexin by the Proton-dependent dipeptide
transporters that closely resembles the transporters present
in the intestine. Caco-2 cells represent an ideal cellular model
for future studies of the dipeptide transporter.

Sun BW, Zhao XC, Wang GJ, Li N, Li JS. Hormonal regulation of
dipeptide transporter (PepT1) in Caco-2 cells with normal and
anoxia/reoxygenation management. World J Gastroenterol
2003; 9(4): 808-812
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INTRODUCTION
Transport of protein in the form of small peptides (di/
tripeptides) across the small intestinal wall is a major route of
dietary protein absorption. The H + -coupled dipeptide
transporter, PepT1, is known to be located in the intestine and
the kidney, and plays an important role in the absorption of di/
tripeptide; in addition, it mediates the intestinal absorption of
β-lactam antibiotics, angiotensin-converting enzymeinhibitors,
and other peptide-like drugs[1].
To investigate the properties of the human dipeptide
transporter, the human intestinal cell line Caco-2 as an in vitro
model was employed. The dipeptide transporters normally
found in the small intestine are present in Caco-2 cells[2-4]. Also,
Caco-2 cells spontaneously differentiate in culture to polar cells
possessing microvilli and enterocytic properties[5]. Confluent
monolayers form tight junctions between cells[5], and exhibit
dome formation[6] and electrical properties of an epithelium[7].
These cells have been evaluated in detail as a model to study
both transcellular and paracellular transport of nutrients and
drugs in the gut[8-12].
Previous studies have shown that some hormones
metabolically regulate the expression of the intestinal dipeptide
transporter[13,14]. For example, as the key hormone, insulin
increases the membrane population of PepT1 by increasing its
translocation from a preformed cytoplasmic pool[14]. However,
little is known whether another important hormone, growth
hormone (GH), also metabolically regulate the functions of
PepT1. The present study was undertaken to evaluate the
potential effects of recombinant human growth hormone
(rhGH) for the study of the properties of the human PepT1.
Especially, we observed the regulation effects of rhGH to
PepT1 in Caco-2 cells which were normally cultured or anoxia/
reoxygenation injuried. Because dipeptide and some β-lactam
antibiotics (cephalexin, cefaclor etc.) share certain structural
features such as a peptide bond with an α-amino group and a
terminal carboxylic acid group (as illustrated in Figure 1 for
cephalexin), it is not surprising that these compounds share a
common transport mechanism. Unlike dipeptides, these orally
absorbed antibiotics are not hydrolyzed by intestinal peptidases.
Consequently, these kinds of drugs are ideal substrates to
characterize the PepT1 [15-17]. In this study, the uptake and
transport of cephalexin were examined.
MATERIALS AND METHODS
Materials
Cephalexin (Figure 1) was obtained from Nanjing No.2
Pharma.Co. Ltd. rhGH was purchased from Laboratoires
Serono S.A. (Switzerland). All other chemicals were purchased
from Sigma (St. Louis, MO), unless specified. Cell culture
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reagents were obtained from Gibco (Grand Island, NY) and
culture supplies from Corning (Corning, NY) and Falcon
(Lincoln Park, NJ).
H

CHCONH
O

120 min. At the end of the incubation period, cell monolayers
were washed with pH 7.4 PBS to remove any extracellular
cephalexin. Accumulated concentrations of cephalexin were
determined by HPLC after the cells were lysed.
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Figure 1 Structure of cephalexin used in this study.

Cell culture
The human adenocarcinoma cell line Caco-2 was obtained from
American Tissue Culture Collection (ATCC, Rockville. MD,
U.S.A). The cells were passaged as previously described[18].
Caco-2 cells were grown in Dulbecco’s Modified Egle’s
Medium supplemented with 1 % nonessential amino acids,
10 % fetal calf serum (FCS), 1 000 UL-1 penicillin, and 1 mg·L-1
streptomycin (Complete DMEM). For transport Studies, Caco2 cells were seeded on the polycarbonate filter (0.4-µm pores,
4.71-cm2 growth area) in the Transwell Cell Culture Chamber
System (Costar, Cambridge, MA) at a density of 600 000
cells/filter. The cell monolayers were cultured with 1.5 and
2.6 ml of complete DMEM at the apical and the basolateral
chamber, respectively. To assess the integrity of the monolayer,
transepithelial electrical resistance (TEER) was monitored by
measuring the transmembrane resistance. After subtracting
intrinsic resistance (filter alone without cell monolayers) from
the total resistance, TEER was corrected for surface area and
expressed as
cm2. Transport studies were carried out with
cell monolayers that were 21-25 days old. For uptake studies,
cells were seeded in the collagen-coated multiwell dishes (24
pore) with the same cell density. All the medium were replaced
every day when each experiment began. Monolayers were kept
at 37 , 5 % CO2, and 90 % related humidity.
Transport studies
Before the transport experiments, the culture medium was
replaced every day from both sides of the monolayers, 1.5 ml
pH 7.0 culture medium with 34nM rhGH were added to apical
chamber of Transwell, while 2.6 ml pH 7.0 culture medium
without rhGH were added to basolateral chamber. Then Caco2 cells were cultured for 4 days. The controls were incubated
with PH 7.0 culture medium both in apical side and basolateral
side. All the monolayers were washed during each experiment.
The apical chamber were then filled with 1.5 ml solution
containing 1 mM cephalexin. Transport was examined within
the time range of 0, 5, 10, 30, 60, 90, and 120 min. At the end
of the incubation period, the inserts of Transwell were removed
and the transport samples were obtained from the basolateral
chambers. The concentrations of cephalexin of the transport
samples were determined by High Performance Liquid
Chromatography (HPLC, LC-10AT SHIMADIU, Japan) using
an isocratic solvent system described previously[19] and the OD
value was monitored at 254 nm.
Uptake studies
Using the same way as the transport experiments, the Caco-2
cells cultured in the multiwell dishes (24 pore) were cultured
for 4 d with 34 nM rhGH. After washing the monolayers, the
transport medium with 1 mM cephalexin was added to the
pores and uptake was measured at 0, 5, 10, 30, 60, 90, and

Anoxia-reoxygenation cells model
After Caco-2 cells were plated, media within the wells was
reduced to a uniformly thin layer to reduce the diffusion
distances for atmospheric gases, while maintaining cell ability.
During culture, the monolayers were normally exposed to an
atmosphere consisting of 95 % air and 5 % CO2. Anoxia was
produced with an atmosphere of 95 % N2 and 5 % CO2 for 90
min, reoxygenation was produced by restoration of the 95 %
air, 5 % CO2 for 30 min. After the period of reoxygenation,
the volume of media was restored to the initial volume of 1.0
ml[20] (Figure 2).

A

B

Figure 2 Appearance of scan electronic microscopy of Caco2 cells. (A) Tight junction formation of normal Caco-2 cells.
×1 000; (B) Tight junction of A/R Caco-2 cells was destroyed
partially. ×1 000.

Protein determination
Cells were lysed for 20 min or ice in 2 % Nonidet P-40, 0.2 %
SDS, 1 mM dithiothreitol (DTT) in PBS, and total cellular
protein was determined using Dc Protein Assay Reagent
(BioRad).
Concentration dependence of cephalexin transport
To examine the kinetics of cephalexin transport by rhGHtreated Caco-2 cells, the different concentrations of cephalexin
range of 20 to 80 µg·ml-1 were used.
Northern blotting
Total RNAs were isolated from the Caco-2 cell fractions by
extraction with acid guanidine thiocyanate-phenol-chloroform.
Total RNAs were denatured by heating at 70 in 10 mmol·L-1
3-(N-morpholino) propanesulfonic acid (pH 7.0) containing 5
mmol·L -1 sodium acetate, 1 mmol·L -1 ethylenediaminetetraacetic acid (EDTA), 2.2 mol·L-1 formaldehyde, and
50 % (vol/vol) formamide for 5 minutes and subjected to
electrophoresis in 1.2 % agarose gel containing 2.2 mol·L-1
formaldehyde. Resolved RNA was transferred to hybridization
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and was performed in a solution that contains 50 % formamide,
5x sodium chloride-sodium phosphate-EDTA, 2x Denhardt’s
solution, and 1 % sodium dodecyl sulfate (SDS). The membranes
were exposed and analyzed by Fuji BAS-2000 system. The
cDNA probe was prepared from human cDNA libraries.
Sense 5’TTTGGATCCCGGAGTAAGGCATTTCCCAAG 3’,
Antisense 5’CCGAAGCTTTCAGGAAGGAGCCTGAGAATATGAG 3’.

Statistical analysis
Data were expressed as mean ±SE. Differences between
experimental groups were assessed by analysis of Variance. P
values of <0.05 were considered statistically significant.
RESULTS
Transepithelial cephalexin transport in Caco-2 cell with
normal culture
Caco-2 cells were seeded at a high density of 600 000 cells/
filter, the transport of 1 mM cephalexin across rhGH-treated
Caco-2 monolayers, apical-to-basolateral, was examined at PH
6.0 in the donor and pH 7.4 in the receiver compartment.
Integrity of the monolayers was monitored by TEER. The
apical-to-basolateral transport of cephalexin was significantly
increased compared with the controls (P=0.0045) (Figure 3).
Control

100

rhGH

8

40
20
0
0

5

10

30

60

90

120 min

Figure 3 Transport of 1 mM cephalexin in Caco-2 cells. Caco2 cells were cultured with rhGH in apical side for 4 days. The
controls were incubated with PH 7.0 culture medium without
rhGH both in apical side and basolateral side. All the monolayers were washed in each experiment. The apical chambers
were then filled with 1.5 ml solution containing 1 mM
cephalexin. Transport was examined within the time range of
0, 5, 10, 30, 60, 90, and 120 min. At the end of the incubation
period, the inserts of Transwell were removed and the transport samples were obtained from the basolateral chambers. The
concentrations of cephalexin of the transport samples were
determined by HPLC. The apical-to-basolateral transport of
cephalexin was significantly increased compared with the controls (P=0.0045).

Uptake of cephalexin in Caco-2 cells with normal culture
Uptake experiments with cephalexin were performed 6-8 days
affter seeding and 18 h after media replacement. Cephalexin
uptake was measured in the presence and absence of 34nM of
rhGH. The differences were significant (P=0.0223), and the
results were summarized in Figure 4.
Uptake of cephalexin in anoxia/reoxygenation Caco-2 cells model
Caco-2 monolayers were initially subjected to a 90-minute
period of anoxia followed by a 30-minute period of
reoxygenation. This was selected as optimal for the main body
of the experiment on the basis of the results of our initial
experiments. Consequently, the effect of the presence of rhGH
on cephalexin uptake via the PepT1 of anoxia/reoxygenation

Control
6

rhGH

4
2
0
0

5

10

30

60

90

120 min

Figure 4 Uptake of 1 mM cephalexin in Caco-2 cells. Caco-2
cells cultured in the multiwell dishes (24 pore) were cultured
for 4 d with 34 nM rhGH. After washing the monolayers, the
transport medium with 1 mM cephalexin was added to the
pores and uptake was measured at 0, 5, 10, 30, 60, 90, and 120
min. At the end of the incubation period, cell monolayers were
washed with PH 7.4 PBS to remove any extracellular
cephalexin. Accumulated concentrations of cephalexin were
determined by HPLC after the cells were lysed. The differences
were significant (P=0.0223).
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Caco-2 cells were examined (Figure 5). The present studies
indicated that uptake and transport of cephalexin by the normal
and anoxia/reoxygenation Caco-2 cells were significantly
increased under the influence of rhGH.

Uptake (nmol/mg protein)

Concentration (µg/ml)

120
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Figure 5 Uptake of 1 mM cephalexin in Caco-2 cells with anoxia/reoxygenation injury. Caco-2 monolayers were initially
subjected to a 90-minute period of anoxia followed by a 30minute period of reoxygenation. The effect of the presence of
rhGH on cephalexin uptake via the PepT1 of anoxia/
reoxygenation Caco-2 cells was examined. The differences were
significant (P=0.0116).

Northern blot analysis
Northern blots of Poly (A)+ RNA, prepared from anoxia/
reoxygenation Caco-2 cells grown either under control
conditions or in medium supplemented with 34nM rhGH, were
probed separately with 32P-labelled hPepT1 and β-actin
cDNAs. The studies showed that the level of mRNA in rhGHtreated Caco-2 Cells was increased 1.3-fold compared with
the controls.
Concentration dependence of cephalexin transport
Transport experiments were performed across the rhGH-treated
Caco-2 cells using the different concentrations of cephalexin
range of 20 to 80 µg·ml-1. The results (Figure 6) indicated that
the transport of cephalexin was increased both in rhGH-treated
Caco-2 cells and Controls. However, the extent of upregulation
of rhGH on the transport was greater than the controls followed
the increase of the concentration of cephalexin.
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Figure 6 Concentration-dependent transport of cephalexin.
The kinetics of cephalexin transport by rhGH-treated Caco-2
cells showed that the transport level of Caco-2 cells was in accordance with the concentration of cephalexin. The concentrations of cephalexin range of 20 to 80 µg·ml-1 were used. Transport was determined at the different time-point (a, 15 min; b,
30 min; c, 45 min). The extent of upregulation of rhGH on the
transport was greater than the controls followed the increase
of the concentration of cephalexin.

DISCUSSION
The nutritional importance of amino acid uptake in the form
of short-chain peptides (di/tripeptides) is well known[21]. The
intraluminal products of protein digestion are predominantly
small peptides[22]. A significant fraction of the dietary amino
nitrogen is absorbed as intact dipeptide rather than free amino
acids. Absorption of these small peptieds from the
gastrointestinal (GI) tract of mammals occurs via the dipeptide
transporter (PepT1). Previous studies have shown that the
functions of intestine (including PepT1) were changed under
the influence of many factors [23,24]. PepT1 seems to play
important roles in nutritional and pharmacological therapies;
for example, it has allowed the use of small peptide as a source
of nitrogen for enteral feeding and the use of oral route for
delivery of peptididomimetic drugs such as β-lactam
antibiotics. PepT1 was located at the brush-border membranes
of the absorptive epithelial cells along the small intestine but
absent in crypt and goblet cells[25,26].
To examine the functions of PepT1, we used Caco-2 cells
(the human adenocarcinoma cell line) as a unique in vitro
intestinal model[27]. One clear advantage of the Caco-2 cells is
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that the cells stay viable throughout the transport studies. Also,
a monolayer of cells may be grown on a porous support to
represent an intact epithelium. Some β-lactam anibiotics
(cephalexin) and dipeptied share certain structural features,
and they are generally in the D-form, which allows them to
escape hydrolysis by cytoplasmic peptidases. So these
compounds share a common transport mechanism[28]. In this
study, we employed cephalexin as an ideal substrate.
The previous studies have shown that the insulin stimulates
dipeptide transport by increasing membrane insertion of PepT1
from a preformed cytoplasmic Pool [14], and choleratoxin
decreases dipeptide transport by inhibiting the activity of PepT1
through an increase in the intracellular concentration of
adenosine 3’, 5;-cyclic monophosphate[21]. It remains unclear,
however, whether another key hormone, human growth
hormone (hGH), also shows some significant importance.
Strong evidence has demonstrated that growth hormone (GH)
is an important growth factor for intestine[28]. Complete GH
depletion due to hypophysectomy caused pronounced hypoplasia
of small intestinal mucosa with decreased villus height and
reduced crypt cell proliferation[29]. Simple replacement of GH
can restore mucosal proliferative activity[30]. rhGH promotes
normal growth and development in the body by changing
chemical activity in cells. It activates protein production in
muscle cells and the release of energy from fats. rhGH
significantly improves the anabolism in parenterally fed[31]. It
is typically used to stimulate growth in children with hormone
deficiency, or to treat people with severe illness, burns or sepsis
where destruction of human tissue and muscle occurs[32-34].
Many of the effects of human growth hormone are brought
about by the insulin-like growth factor 1 (IGF-1), which the
growth hormone stimulates. IGF-1 plays an important part in
growth-promoting effects of rhGH[32]. The present studies
showed that the uptake and transport of cephalexin in Caco-2
cells were greatly increased by using of rhGH. In addition, a
specific injured cell model, anoxia/reoxygenation Caco-2 cells
model, was established in our present experiment. The uptake
of cephalexin in the injured Caco-2 cells was markedly
decreased while the cephalexin uptake was significantly
increased in the injured Caco-2 cells with treatment of rhGH.
These results indicate that the functions of PepT1 in Caco-2
cells were upregulated by rhGH. The investigation of
concentration-dependent transport of cephalexin in Caco-2
cells showed that the transport was increased both in rhGHtreated Caco-2 cells and controls. However, the upregulating
extent of rhGH on the transport of cephalexin was greater than
controls following the increase of the concentration of
cephalexin. Northern blot analysis showed that the level of
PepT1 mRNA of injured Caco-2 cells with rhGH treatment
were increased. This result also provides novel information
about the mechanism of regulation action of rhGH. It has
suggested that the alteration in the gene expression may be a
mechanism of regulation of PepT1.
Use of this experimental design leads to the following three
questions. What is the detail mechanism of upregulating the
functions of PepT1 by rhGH? How does the rhGH receptor
distribute in Caco-2 cells? How does the rhGH receptor change
in anoxia/reoxygenation Caco-2 cells? Clearly, the present
study needs to be followed by further studies on physiology
and biology of hormonal regulation of PepT1.
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Abstract
AIM: To assess the feasibility and safety of radiofrequency
ablation (RFA) in treatment of secondary splenomagely and
hypersplenism.
METHODS: Sixteen healthy mongrel dogs were randomly
divided into two groups, group I (n=4) and group II (n=12).
Congestive splenomegaly was induced by ligation of splenic
vein and its collateral branches in both groups. At the end
of 3rd week postoperation, RFA in spleen was performed in
group II via laparotomy, complications of RFA were observed,
CT scan was performed and the spleens were obtained.
The radiofrequency (RF) thermal lesions and histopathology
of spleen were examined regularly.
RESULTS: No complication or death was observed in both
groups; CT revealed that the splenomegaly lasted over 2
months after ligation of splenic vein; the segmental RF lesions
included hyperintense zone of coagulative necrosis and more
extensive peripheral hypointense infarcted zone, the latter
was called “bystander effect”. The infarcted zone would be
absorbed and subsequently disappeared in 4-6 weeks after
RFA accompanied with shrinkage of the remnant spleen.
The fundamental histopathological changes of splenic lesions
caused by RF thermal energy included local coagulative
necrosis, peripheral thrombotic infarction zone, subsequent
tissue absorption and fibrosis in the zone of thrombotic
infarction, the occlusion of vessels in remnant viable spleen,
deposition of extensive fibrous protein, and disappearance
of congestive splenic sinusoid - “splenic carnification”. Those
pathologic changes were underline of shrinkage of spleen.
CONCLUSION: It is feasible and safe to perform RFA in
spl ee n to treat e xp erime ntal sp le no me g al y an d
hypersplenism. The RFA could be safely performed clinically
via laparotomy or laparoscopic procedure while spleen was
strictly separated from surrounding organs.
Liu QD, Ma KS, He ZP, Ding J, Huang XQ, Dong JH. Experimental
study on the feasibility and safety of radiofrequency ablation
for secondary splenomagely and hypersplenism. World J
Gastroenterol 2003; 9(4): 813-817
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INTRODUCTION
Radiofrequency ablation (RFA) was developed in 1990s and
thereafter evolved rapidly as a minimally invasive technique
for the treatment of primary and secondary malignant tumors in
solid organs[1-25]. The fundamental principle is that alternating
electric current operated in the range of radiofrequency (460-500
kHz) can produce a focal thermal injury in living tissue, the tip of
the electrode conducts the current, causing local ionic agitation
and subsequent frictional heat (90-110 ). Temperatures over
60
produce uniform tissue coagulative necrosis, a 2-5 cm
spherical thermal injury can be produced with each ablation. The
potential benefits of these techniques over conventional surgical
options include tumor ablation in nonsurgical candidates with low
morbidity, and being used on an outpatient basis[1-15].
One of the most manifestations of liver cirrhosis with portal
hypertension was hypersplenism secondary to splenic
congestion with intrasplenic sequestration and destruction of
erythrocytes, leucocytes and platelets resulting in anemia,
leucopenia and thrombocytopenia[26]. Splenectomy is a routine
therapy for hypersplenism and can correct the abnormal
hematologic parameters[26,27]. However, with the awareness of
the role and importance of the spleen in the immune system,
splenic conservative methods have gained prominence in the
treatment of benign conditions of the spleen [27-29]. Several
minimally invasive treatment modalities such as transcatheter
selective splenic arterial embolization[30], absolute alcohol or
ethanolamine oleate intrasplenic injection [31,32] have been
investigated clinically, but the clinical applications were
restricted due to associated complications.
In order to establish an effective therapy for hypersplenism
with splenomegaly, animal model with splenomegaly was
induced by ligation of splenic vein (LSV), the computerized
tomographic (CT) and pathologic changes of the thermal lesions
in spleen after RFA were observed, and the feasibility and safety
of RFA for secondary splenomagely and hypersplenism and its
potential clinical prospective were investigated.
MATERIALS AND METHODS
Animals and experimental design
Sixteen healthy adult mongrel dogs (12 to 17 kg) were
randomly divided into two groups. LSV plus Laparotomy were
performed in Group I (n=4), and LSV plus RFA were done in
Group II (n=12).
After fasting overnight, the animals were anesthetized
generally with sodium pentobarbital (25 mg/kg) and maintained
with supplemental doses of sodium pentobarbital. The great
saphenous vein was cannulated for transfusion with 500 ml of
acetate Ringer’s solution. Midline incision was used to access the
spleen, splenic veins in both groups were ligated at the confluent
to portal vein, and then the main branches of splenic vein were
further ligated separately at the splenic hilus in order to minimize
collateral formation. The animals were cared in cages at 24±2
and fed with standard diet and water ad libitum after operation.
At the end of the third week, under general anesthesia again, the
animals in group I were performed laparotomy only; and both
laparotomy and RFA of spleen were done in group II.
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Ablation procedures
RFA was performed with the RF 2000 generator system (Radio
Therapeutics Corp., CA, USA), which consists of a generator
generating [pup to 90 W in power, a leVeen monopolor array
needle electrode (3.5 cm maximum array diameter), and tow
electrode pads (grounding pads) placed on the animal’s shaved
thighs. The leVeen needle electrode is a 15-gauge, 15-20 cm in
length insulated cannula containing 10 individual hook-shaped
retractable electrode arms that deployed in situ after placement
of the needle electrode in splenic parenchyma. The probe was
inserted perpendicularly into the splenic parenchyma in lateral
region of superior or inferior pole of spleen, and the spleen was
elevated to avoid to contact with adjacent organs and skin. A 90
W monopolar radiofrequency generator (RF 2000,
Radiotherapeutics) was used as the energy source. Power output
was initially set at 30 W and manually titrated 10 W per 60 sec
until the maximum power. Thereafter, impedance could rise with
automatic power adjustment until power output was terminated.
The electrode 0.5 cm retrograded in situ and above session
repeated. The needle track was cauterized on needle removal.
During RFA procedure, the temperatures on the sites of
thermal lesions, hilum of spleen and the tail of pancreas were
measured frequently by thermosensors, and cold saline was
used to lower the temperature on the hilum of spleen, and tail
of pancreas. Five-hundred ml of acetate Ringer’s solution and
0.8M IU of penicillin were given intravenously.
Observation of animals
The complications during RFA, such as hemorrhage, thermal
injury of other organs, the appetites, eating and activities of
animals, morbidity and mortality after RFA were carefully
documented.
CT imaging and histopathology on splenic lesions
Splenic sizes in group I after LSV were documented with CT
scans (Siemens Medical System, Germany) at 3, 6, 9 weeks
after laparotomy. CT imaging (plain scan plus enhancement)
performed for the dogs in group II after RFA on day 1, and at
1, 2, 4, 6 and 9 weeks after RFA to study the thermal injured
lesions in spleens. Two dogs in group II were killed
immediately after CT scan, and all dogs were sacrificed at the
end of the 9th week. Before sacrificing the dogs, spleens were
removed, specimen of liver and pancreas were harvested and
fixed in 10 % formaldehyde, and routine histopathological
studies were processed and examined under light microscopy.
RESULTS
Animals
The RFA procedure took 30 to 58 minutes, the temperatures
on 0.5 cm in depth of thermal lesion in spleens were over 100
as reaching to the maximum impedance. The temperatures
on the hilum of spleen were 45-50 , the temperatures was
kept below 42 with iced cold saline. There was a temperature
gradient rising from lateral to center of splenic hilum due to
blood inflow. Thus, choosing puncture site on lateral region
of superior or inferior pole of spleen could enlarge the size of
thermal lesions, and approximately 40-50 % of spleen could
be damaged on each episode of RFA. Minor or mild bleeding
from the puncture site of spleen immediately after inserting
the electrode may occur and would be stopped automatically
in 5 minutes due to thermal coagulation if the electrode was
kept still. The animals could well tolerate the RFA, distressing
in 5 dogs due to high tension of spleen capsule caused by
thermal injury was resolved after administration of tranquilizer.
The dogs fasted on the day of RFA were lethargic or anorexic.
All dogs were fed normally after RFA. Restlessness, vomiting
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and anorexia, significant body weights change and
complications of surgery such as gastrointestinal perforation,
peritonitis, intra-abdominal hemorrhage, rupture of spleen or
hydrothorax and death were not observed at all.

CT imaging of spleens
Splenomegaly in group I could persisted over 2 months. The
enhanced CT revealed that each RF thermal lesion could
destroy one lobe or multiple splenic segments, and the splenic
capsule was intact except small part of hilum. The ablated lesion
included two zones: (a) hyperintense zone of coagulative
necrosis; (b) more extensive peripheral hypointense infarcted
zone - the latter was called “bystander effect”. No perisplenic
or splenic abcess was formed (Figure 1). The infarcted zone
would be absorbed in 4 to 6 weeks after RFA, and subsequently
disappeared in two months, and the size of remnant spleen
shrunk significantly (Figure 2, 3).

1

2

3

Figure 1 Enhanced CT demonstrated multiple segmental ablated lesion at the end of 2nd week after RFA, the splenic capsule was continuous, the thermal lesion included 2 zones,
namely hyperintense zone of coagulative necrosis and peripheral hypointense infarcted zone; no perisplenic or splenic abcess
was seen.
Figure 2 The lesion of infarcted zone was mostly absorbed at
the end of 6th week after RFA.
Figure 3 The lesion of infarcted zone was absorbed absolutely
at the end of 9th week after RFA, however, the lesion of coagulative necrosis hardly altered, the remnant spleen shrinked significantly (arrow).
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RFA, massive fibroblasts and inflammatory cells aggregated,
the microthrombus dissolved (HE. ×200).

Figure 4 The appearance of the spleen the day after RFA, showed
the lesion included the zone of soid-yellow dry necrosis (white
arrow) and dark-red zone of thrombotic infarction (curve arrow),
and the bright red normal spleen (black arrow); each ablation
created a lesion with maximum diameter of 9 cm.

Figure 5 The lesion of infarcted zone was absorbed absolutely
at the end of 9th week after RFA, however, the lesion of coagulative necrosis hardly altered (arrow).

Figure 8 Microscopic examination of the thrombotic infarction at the end of 4 th week after RFA, the microthrombus
dissolved, and extensive macrophages with hemosiderin deposition presented (HE. ×100).

Figure 9 Microscopic appearance of “plenic carnification”of
the normal viable splenic tissue distant form ablative lesion at
the end of 9th week after RFA, the tissue structure consolidated,
larger vessels occluded, extensive fibrous protein deposited, and
the congestive splenic sinusoid disappeared; however, the structure of splenic lymphoid nodule was intact (arrow) (HE. ×40).

Figure 6 Light microscopic appearance of the coagulative necrosis at the end of 2nd week after RFA, the intrasplenic hemorrhage at the probe insertion site could see (arrow), the splenic
capsule thickened (HE. ×40).
Figure 10 The typical appearance of poorly vascularized
splenic tissue due to “plenic carnification” after RFA. The
splenic sinusoid disappeared, tissue structure consolidated,
granular hemosiderin deposition and sparsely neovascularized
vessels (arrow) presented clearly (HE. ×200).

Figure 7 Microscopic examination at the junction of the necrotic region and infarcted region at the end of 2nd week after

Histopathology
Splenomegaly in gross appearance was existed in 2 months
after ligation of splenic veins. The areas of ablated lesions
had dot swollen dark red appearance, the spleens shrunk
significantly and approached to the normal size at the end of
ninth week after RFA. The macroscopic and microscopic of
liver and pancreas were normal. The omentum was adherent
to the ablated surface of the spleen in most cases. The
appearances of cut surface of the ablated lesions matched
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with the CT imaging, including the zone of soil-yellow dry
necrosis and zone of thrombotic infarction (Figure 4), and
the lesions became dry necrosis after the thrombotic infarction
was absorbed (Figure 5). No obvious intrasplenic hemorrhage
except the puncture tract was seen with microscopic
examination (Figure 6). The RF energy caused focal tissue
coagulative necrosis, massive vessels in the spleen were
damaged thermally and occluded, consequently broad
microthrombus leaded to the peripheral thrombotic infarction,
which is called as bystander effect corresponding to the CT
finding. Thrombotic infarction zone had absorbed by
macrophages gradually in 4-6 weeks, where fibroblasts
proliferation and local fibrosis were demonstrated. Even
though some part of spleen appeared normal and viable, there
had obvious thickened intima, occluded vessels, extensive
fibrous protein deposition, and the absence of congestive
splenic sinusoid, which we called as splenic carnification,
the most important pathological basis of the shrunken spleen
(Figure 7-10).

DISCUSSION
Hypersplenism is one of the common manifestations, 70-80 %
patients with cirrhotic hypertension present with various
degrees of splenomegaly and hypersplenism. The immune
function in patients with hypersplenism would be reduced due
to leucopenia, thrombocytopenia and erythropenia.
Splenectomy is the traditional treatment for hypersplenism.
However, patients with cirrhotic splenomegaly and
hypersplenism often have many complications, which are the
contraindication of splenectomy. Furthermore, endoscopic
ligation or sclerosing of varices for esophageal varices bleeding
due to cirrhotic portal hypertension was advocated as first line
treatment in western cou ntries, splen ecto my p lus
devascularization are commonly abandoned[33-38]. With the
awareness of the role and importance of the spleen in the
immune system, it is recommended to reserve the splenic tissue
and function as much as in the treatment of benign conditions
of the spleen. Thereby, new safe, effective and minimal
invasive modalities should be established.
Radiofrequency ablation (RFA) technique is a safe and
effective minimally invasive modality and has been clinically
used in treatment of many malignant tumors and some benign
tumors in solid organs [1-25]. Until now, only two cases in
treatment of colorectal and renal splenic metastasis using RFA
were reported[39, 40], no data of experimental or clinical study
regarding the safety and efficacy of RFA for hypersplenism is
available. The safety and effectiveness may be the cardinal
considerations that impede the attempts. The limited necrotic
volume identical to the lesion in liver for hepatocellular
carcinoma with 3-5 cm maximal diameter could scarcely
reduce the size of splenomegaly, consequently could be futile
to ameliorate cytopenia for hypersplenism. However,
theoretically, RFA could be used for hypersplenism due to
portal hypertension: (a) spleen is a solid organ, thermal energy
can cause focal tissue coagulative necrosis, and the RF heat
energy has the role of electric coagulation[39,40]; (b) certain time
of RF thermal energy can lead to endothelial cells degeneration
of vessels and sinus, thrombosis, and occlusion of vessels and
splenic sinusoid, therefore produces effect of ablating larger
lesion[17]; (c) puncture of spleen with needle is relative safe,
the morbidity rate of biopsy reported using 18-22 gauge needles
for splenic lesions including splenomegaly is 0-5.2 %, without
mortality [41-43]; (d) the inflammatory reaction and neovascularization at the site of RFA lesion could create extensive
collateral circulation between portal-cava vein systems, and
reduce blood inflow to portal vein due to smaller spleen,
sequentially depress the portal hypertension[28]. Clinically, we
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performed RFA for splenomegaly intraoperatively before
splenectomy, only minor or mild bleeding occurred but stopped
within few minutes (data not shown), and we found this
procedure was practicable.
For these reasons, we carried out the study on RFA for
splenomegaly and hypersplenism in canine models (the blood
counts of peripheral samples in splenomegaly models also
showed thrombocytopenia, erythropenia without leucopenia,
which is similar to the result of Sahin et al [44], and the
hematologic abnormalities could be corrected by RFA; data
not shown), results of preliminary study confirmed part of
above presumptions.
First, RFA procedure for spleen is relative safe. Although
bleeding occurred immediately following inserting of
electrodes into the spleen, it ceased soon due to thermal
coagulation. In order to avoid the potential risks, several
important steps should be followed, the puncture site must be
kept away from large vessels at hilum of spleen, the electrode
should be fixed to reduce bleeding; the spleen should be
elevated to avoid to contact with adjacent organs and skin;
cool saline should be used on the surface of the hilum of spleen,
tail of pancreas to reduce energy deposition and avoid thermal
damage of pancreas. In our preliminary experiment, dog’s
thighs were burned due to insufficient shave of thigh and thus
incomplete attachment of electrode pads; and another dog died
from severe burning of internal organs, because spleen was
not isolated from skin and intra-abdominal viscera. However,
no morbidity and mortality occurred after procedures above
in experiment were followed strictly. In addition, puncture of
needle at lower pole of spleen is preferable to reduce the
pulmonary complications and referred pain. If this procedure
were used clinically, exposure and protection of spleen would
be helpful in avoiding complications.
Second, the area of RF thermal ablated lesion is so large
that compasses one lobe or multiple segments of spleen. The
area of coagulative necrosis zone in spleen is similar to that of
RF lesion in liver[12,25], but the RFA in spleen also has “bystander
effect” - the RF energy causes multiple segmental thrombotic
infarction, enables for the management of hypersplenism
effectively. The RF energy triggers occlusion of broad
intrasplenic microthrombi and vessels, and absorption of area
with thrombotic infarction. Even in the remaining normal splenic
tissue, obvious occluded vessels, extensive fibrous protein
deposition with no congestion of splenic sinusoid are still existed.
The changes of “splenic carnification” are responsible for the
shrinking of the remnant spleen, which could explain precisely
why splenic RFA ameliorated the cytopenia.
In summary, it is feasible and safe to perform RFA in spleen
to treat secondary splenomegaly and hypersplenism in a canine
model, and yet its clinical application is worthy of further study.
The peculiar radiological and pathological splenic changes after
RFA could be used as clinical indicators for therapeutic effect
and the follow-up in the therapy of hypersplenism. With the
development of technique, such as RFA with the minimally
invasive procedures, it would provide promising effect on
selected patients with hypersplenism[17].
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Abstract
AIM: To identify new diagnostic markers and drug targets,
the gene expression profiles of pancreatic cancer were
compared with that of adjacent normal tissues utilizing cDNA
microarray analysis.
METHODS: cDNA probes were prepared by labeling mRNA
from samples of six pancreatic carcinoma tissues with Cy5dUTP and mRNA from adjacent normal tissues with Cy3dUTP respectively through reverse transcription. The mixed
probes of each sample were then hybridized with 12 800
cDNA arrays (12 648 unique human cDNA sequences), and
the fluorescent signals were scanned by ScanArray 3 000
scanner (General Scanning, Inc.). The values of Cy5-dUTP
and Cy3-dUTP on each spot were analyzed and calculated
by ImaGene 3.0 software (BioDiscovery, Inc.). Differentially
expressed genes were screened according to the criterion
that the absolute value of natural logarithm of the ratio of
Cy5-dUTP to Cy3-dUTP was greater-than 0.69.
RESULTS: Among 6 samples investigated, 301 genes, which
accounted for 2.38 % of genes on the microarry slides,
exhibited differentially expression at least in 5. There were
166 over-expressed genes including 136 having been
registered in Genebank, and 135 under-expressed genes
including 79 in Genebank in cancerous tissues.
CONCLUSION: Microarray analysis may provide invaluable
information on disease pathology, progression, resistance
to treatment, and response to cellular microenvironments
of pancreatic carcinoma and ultimately may lead to improving
early diagnosis and discovering innovative therapeutic
approaches for cancer.
Tan ZJ, Hu XG, Cao GS, Tang Y. Analysis of gene expression
profile of pancreatic carcinoma using cDNA microarray. World J
Gastroenterol 2003; 9(4): 818-823
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INTRODUCTION
The morbidity of pancreatic carcinoma has taken an upward
trend all over the world. In occidental countries, the morbidity
of pancreatic carcinoma has increased by 3 to 7 times in nearly
thirty years, and pancreatic carcinoma has become one of the
ten commonest malignant tumors. In China, the morbidity was
1.16/100 000 in Shanghai in 1963, and reached on 3.80/100 000

in 1974. Then, it took the 14th place of the morbidity of the
malignant tumors, and jumped to fifth in 1984. The statistical
results showed that it was 5.1/100 000, which was four times
higher than that of twenty years before. In some medical
centers, curative resections were given to minority of patients
in early stage who were highly selected, and their five-year
survival of these patients might even rise to 15 to 25 percent.
But generally speaking, treatment of pancreatic cancer is still
a serious challenge to us. The key problem to improve the
current situation of treatment is to seek novel diagnostic
markers, effective adjunctive therapy and mechanism of
genesis and evolution of pancreatic cancer. Hence, more and
more attention has been paid to the research on molecular
pathology and related genes of pancreatic cancer.
Over the past decade, many studies involving pancreatic
cancer have searched for cancer-causing gene. As a result, several
cancer-related genes have been identified. DPC4, p53, and p16
are the three most frequently inactivated tumor suppressor genes.
Other tumor suppressor genes that are altered in pancreatic cancer
include BRCA2, ALK-5, MKK4, and STK11. Mutations of Kras oncogene are commonly seen in pancreatic cancer, with it’s
incidence as high as 90 %. Some other cancer-related genes,
such as Her-2/neu, COX-2, VEGF have also been reported to
be overexpressed in pancreatic cancer. Development and
progression of pancreatic cancer is a very complicated process,
so it is reasonable to predict that many other genes, as yet
undiscovered, might be potential tumor markers or drug targets.
Microarray is the technique that a large number of cDNAs
are arranged orderly on the carrier, such as glass chip or else
in high density. Data are obtained by examining the signals of
fluorescence, analyzed and compared by computer software.
A large number of genes can be examined simutaneously,
accurately, and effectively in one experiment. In this study,
we have used a high-density cDNA microarray technique to
assess the gene expression profile of pancreatic carcinoma
versus adjacent normal tissue. Several genes, we identified,
may be involved in pancreatic tumorigenesis as well as it’s
potential clinical biomarkers that may be used to improve early
diagnosis, and to constitute potential novel therapeutic targets.

MATERIALS AND METHODS
Materials
cDNA microarray slides used in this study were fabricated in
United Gene Technique, Ltd. Briefly, each slide has 12 800
spots, containing 112 genes as negative control, such as ripe
U2 RNA gene (8 spots), HCV coat protein gene (8 spots),
spotting solution (96 spots); and 40 housekeeping genes as
positive control. Each slide has 12 648 unique human cDNA
sequences. Six samples of pancreatic carcinoma were obtained
from patients undergoing pancreaticoduodenectomy in
department of general surgery, Changhai Hospital, the Second
Military Medical University. All cases were proved
pathologically as carcinoma of pancreatic head. Normal tissues
as control were taken from tissue adjacent to the cutting margin
of the carcinoma and proved pathologically to be free from
tumor invasion. Samples were snap-frozen in liquid nitrogen
within 15 to 20 minutes after resection and then stored at -80 .
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Cy3-dUTP and Cy5-dUTP were purchased from Amersham
Phamacia Biotech, Inc. and Oligotex mRNA Midi Kit from
Quagen, Inc. ScanArray 3 000 scanner was manufactured by
General Scanning, Inc. ImaGene3.0 software came from
BioDiscovery, Inc.

Methods
Probe preparation Total RNA isolated from pancreas tissues
and normal adjacent tissues by using modified single step
extraction. Briefly, frozen tissues were crushed down and
homogenized in solution D and 1 % mercaptoethanol. The
supernatant was then extracted by phenol: chloroform (1:1)
two times, and phenol: chloroform (5:1) and NaAc (PH=4.5)
once. Afterward, the supernatant was precipitated in equal
volume of isopropanol at -20
for 1.5 hours and was
precipitated in LiCl for purification. Both kinds of mRNAs
were purified using Oligotex mRNA Midi Kit. The fluorescent
cDNA probes were prepared by reverse transcription and then
purified, according to the protocol of Schena (Schena et al.,
1995). The mRNA from normal tissue was labeled with
Cy3-dUTP, and that from cancerous tissue with Cy5-dUTP.
Then the two probes were mixed with equivalence, precipitated
by ethanol, and resolved in 20 µl hybridization buffer (5×SSC
+ 0.4 % SDS, 50 % Formamide, 5×denhardt’s solution).
Hybridization Microarray slides were pre-hybridized in
hybridization buffer, which contained 0.5 mg/ml denatured
clupeine DNA, at 42
for 6 hours. After denatured at 95
for 5 minutes, the probes mixture were added on the prehybridized slides and sealed with cover glass. After hybridizing
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in HybChamber at 60
for 15 to 17 hours, the slides were
subsequently washed in solutions of 2×SSC + 0.2 % SDS,
0.1×SSC+0.2 % SDS and 0.1×SSC respectively for 10 minutes,
then dried at room temperature.
Scanning and analysis The slides were scanned by ScanArray
3 000 laser scanner at two wavelengths to obtain fluorescence
intensities for both dyes (Cy3 and Cy5). The original value of
each spot was normalized by the values of 40 housekeeping
genes selected on the slides. The fluorescence intensities of
Cy3 and Cy5 were analyzed and the ratios of Cy5 to Cy3 were
calculated by ImaGene 3.0 software. The intensities of two
fluorescent signals represented the quantities of two tagged
probes. The ration of Cy5 to Cy3 of certain spot on the slides
demonstrated that mRNA abundance of this gene expressed
in cancerous tissues versus normal.

RESULTS
Verification of micrearray technique system
There were 12 800 spots on each slide, including 6 170 known
genes and 6 478 unknown ones. In order to monitor entire
process of microarray technique system, negative and positive
control genes were set on the slides. They were ripe U2 RNA
gene (8 spots), HCV coat protein gene (8 spots), spotting
solution (96 spots), which served as negative control; and 40
housekeeping genes as positive control. In present study, the
individual result of six hybridization showed that all of positive
control signals are distinct, and all of negative control signals
were very low. These prove the reliability of the data.

Table 1 Over-expressed genes in pancreatic carcinoma
Accession number

Gene name

Gene function

Ratio value

U06863
X91148
AF017986
Y00755
Z74616
D32039
J03607
AF144103

Alpha 1 (III) collagen
Microsomal triglyceride transfer protein
Secreted apoptosis related protein 1 (SARP1)
Extracellular matrix protein BM-40
Alpha2 (I) collagen
Proteoglycan PG-M(V3)
40-kDa keratin intermediate filament precursor
Novel chemokine family member with altered
expression in human head and neck squamous cell carcinoma
Ubiquitin fusion-degradation 1 protein (UFD1)
Fibronectin (FN)
Follistatin-related protein precursor
Chondroitin/dermatan sulfate proteoglycan (PG40) core protein
Glia-derived nexin (GDN)
Low-Mr GTP-binding protein (RAB31)
Thymosin beta 4 Y isoform (TB4Y)
GDP-dissociation inhibitor protein (Ly-GDI)
1-8D gene from interferon-inducible gene
Lumican
Lambda-like gene
Vimentin
Integrin beta-5 subunit
JWA protein
Immunoglobulin-related 14.1 protein
Sry-related HMG box gene (SOX5)
Interferon gamma receptor accessory factor-1 (AF-1)
Thymosin beta-4
Thymosin beta-10
Alpha-2-macroglobulin
Microsomal glutathione S-transferase 3 (MGST3)
Prothymosin-α

Extracellular metrix
Microsomal triglyceride transfer
Repress apoptosis
Extracellular metrix
Extracellular metrix
Extracellular metrix
Extracellular metrix
Cytokine

33.89
21.89
20.32
20.23
12.52
11.90
11.62
9.93

AF141201
X02761
U06863
M14219
M17783
U59877
AF000989
L20688
X57351
U18728
L02326
M14144
J05633
AF070523
M27749
S83308
U05875
M17733
M20259
M36501
AF026977
M14630

Protease
Extracellular metrix
Nucleoprotein
Extracellular metrix
Protease inhibitor
Signal transduction
Thymosin isoform
Signal transduction
Signal transduction
Extracellular metrix
Immunity correlation
Extracellular metrix
Cell adhesion molecule
Immunity correlation
Transcription factor
Immunity correlation
Thymosin isoform
Thymosin isoform
Protease inhibitor
Oxidation-reduction
Nucleoprotein

8.29
8.01
6.92
6.65
6.49
5.97
5.71
5.62
5.51
5.15
4.77
4.64
4.42
4.32
4.28
4.16
3.92
3.89
3.75
3.72
3.62
3.45
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Table 2 Under-expressed genes in pancreatic carcinoma
Accession number

Gene name

Gene function

Ratio value

U96628
U72649
Y15409
Z21507
L13463
S68805
AF041474
X05130
AF067855
D87810
D28540
L37368
Y00711
M24103
M64930
X81197
U75686
AF133659
M61832
Z23064
X85960
L18887
J02966
X78678
M58460
L12711
S75311
U46838
Y11312
U83908

Nuclear antigen H731-like protein
B-cell translocation gene 2 (BTG2)
Putative glucose 6-phosphate translocase
Elongation factor-1-delta
Helix-loop-helix basic phosphoprotein (G0S8)
L-arginine:glycine amidinotransferase
BAF53a (BAF53a)
Prolyl 4-hydoxylase beta subunit
Geminin
Phosphomannomutase
CDC10 homologue
RNA-binding protein
Lactate dehydrogenase B (LDH-B)
Trans-golgi network glycoprotein 51 (TGN)
Protein phosphatase 2A beta subunit
Archain
Polyadenylate binding protein
ATP-binding cassette 7 iron transporter (ABC7)
S-adenosylhomocysteine hydrolase (AHCY)
HnRNP G protein
TRK-T3 oncogene
Calnexin
Mitochondrial ADP/ADT translocator
Ketohexokinase
75-kD autoantigen (PM-Sc1)
Transketolase (tk)
Glycosyl phosphatidylinositol (GPI)-linked glycoprotein CD24
MCM105 protein
Phosphoinositide 3-kinase
PDCD4 (programmed cell death 4)

Tumor suppressor
Tumor suppressor
Gluconeogenesis
Translation factor
Cell cycle correlation
Amino transferase
Chromatin reformation
Hydroxylase
Cell cycle correlation
Glycometabolism
Cell cycle correlation
RNA metabolism
Dehydrogenase
Signal transduction
Membranin
Signal transduction
Iron transfer
Hydrolase
RNA-binding protein
Oncogene
Calcium binding protein
ATP/ADP transport
Glycometabolism
Autoantigen
Ribose metabolism
Signal transduction
Cell cycle correlation
Signal transduction
Tumor suppressor

0.16
0.18
0.18
0.20
0.21
0.22
0.22
0.22
0.25
0.25
0.27
0.27
0.27
0.29
0.29
0.31
0.32
0.32
0.33
0.34
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.36
0.36
0.36

Judgement of differentially expressed genes
Hybridization of each couple of probes repeated two times.
The standard of determination for differentially expressed
genes was that, the absolute value of natural logarithm of the
ratio of Cy5 to Cy3 was greater than 0.69, that was to say
change of gene expression was above 2 times, and the signal
value of either Cy3 or Cy5 needed to be greater than 600.
Genes expressed differentially
Among 6 samples investigated, 301 genes, which accounted
for 2.38 % of genes on the microarry slides, exhibited
differentially expression at least in 5. There were 166 overexpressed genes including 136 having been registered in
Genebank, and 135 under-expressed genes including 79 in
Genebank. Some of these genes, which took superior places of
differentially expression, were listed in Table 1 and Table 2.
DISCUSSION
There are altogether 215 previously reported genes differently
expressed in cancer tissues in our research, including urokinase
plasminogen activ ator surface receptor ( uPAR) [1 ] ,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
lumican[2], phospholipase A2[3], vascular cell adhesion molecule
1[4], which have been reported to play certain role in evolution
of pancreatic carcinoma. However, the relationship between
the majority of these genes and development of pancreatic
carcinoma has not been covered in any study up to the present.
These genes are involved in various cytobiological functions,
such as signal transduction, transcription and translation,

cytoskeleton, cell adhesion, extracellular matrix and matrix
degradation, cell cycle and apoptosis, chromosome instability,
tumor suppressor genes, enzyme, and “others”. Moreover,
some genes exhibit differently expression in pancreatic cancer
in our study, as well as in other cancers. They are fibronectin[5],
caltractin [6], glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)[7], lipocortin II, uPAR[8] in hepatic cancer; FN[9],
glutathione peroxidase[10], phospholipase A2[11], thymosin beta10[12], uPAR[13], uracil DNA glycosylase[14] in colorectal cancer;
N-cadherin[15], uPAR[16], alpha-2-macroglobulin[17], caltractin[6],
syntenin [18] in gastric cancer; phospholipase A2 [19] in
cholangiocarcinoma; fibronectin[20], glutathione peroxidase[21,22],
prothymosin alpha [23,24], thymosin beta-10 [25], uPAR [26],
caltractin[6], GAPDH[27], proteoglycan PG-M(V3), syntenin[18],
lumican[28] in mammary cancer and glutathione peroxidase[29],
SPARC/osteonectin[29], thymosin beta-10[30], uPAR[31] in thyroid
carcinoma. These data indicated that we have obtained the same
results by using cDNA microarray as by other methods.
Meanwhile, these confirmed the feasibility, accuracy and
effectiveness of microarray as a method to investigate the
expression profiles of pancreatic cancer. On the other hand,
we might get the conclusion that genesis and progression of
various neoplasms have some common mechanisms. Further
study on these common mechanisms might lead us go into
depth the knowledge of molecular biology of cancer, and find
the key to the improvement of diagnosis and treatment of cancer.
Pancreatic carcinoma is one of the most malignant tumors,
and is characterized by aggressive growth behavior and high
incidence rate of recurrence. During proliferation of a primary
tumor or the establishment of metastatic foci, there is
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continuous remodeling of the extracellular matrix including
various degrees of biosynthesis, reformation and degradation.
Among over-expressed genes, several genes, such as alpha1
(III) collagen, extracellular matrix protein BM-40, alpha2 (I)
collagen, proteoglycan PG-M (V3), fibronectin, chondroitin/
dermatan sulfate proteoglycan (PG40) core protein, lumican,
vimentin, chondroitin sulfate proteoglycan versican V0 splicevariant, and versican V2 splice-variant core protein, component
analysis related to extracellular metrix (ECM), take the superior
places. Versican belongs to the family of large aggregating
proteoglycans (PGs). In mammals, versican appears as four
possible spliced variants, V0, V1, V2, and V3. It has been
described that the versican-rich extracellular matrices exert an
anti-adhesive effect on the cells, thus facilitating tumor cell
migration and invasion. Besides decreasing cell adhesion,
versican is also able to increase the cell proliferation. The study
on melanoma has shown that this PG could serve as a good
marker for primary malignant as well as metastatic lesion[32].
Lumincan is the member of the small leucine-rich proteoglycan
(SLRP) family, whose members are known as keratocan,
mimecan, decorin, biglycan, fibromodulin, epiphycan,
osteoadherin, and lumican. SLRP proteins can modulate
cellular behaviour, including cell migration and proliferation
during embryonic development, tissue repair, and tumor
growth. In breast cancer tissues, lumican mRNA is reported to
be overexpressed. Furthermore, its high expression level was
associated with high tumor grade, low estrogen receptor levels,
and young age of patients[28]. It is also found that lumican is
not synthesized by the exocrine components of the normal
pancreas, but that these cells ectopically synthesize and secrete
the lumican in cancer tissues, which may play a role in
pancreatic cancer cell growth[2]. Extracellular matrix protein
BM-40, an anti-adhesive protein, is proposed to modulate cell
migration and vascular morphogenesis either by directly
interacting with ECM proteins or by initiating a receptormediated signaling event. It may directly affect cell motility
by inducing intracellular changes of cytoplasmic components;
or indirectly promote cell migration by modulating the
expression of proteolytic enzymes that degrade the ECM, such
as collagenase, stromelysin and MMP-9. It may promote
infiltration of tumor cells, serve as a cellular marker of invasion,
and correlate to angiogenesis[33]. Fibronectin connects with the
cancer cell via its receptors, including intergrins α5β1 and αvβ3.
The abilities in adhesion to fibronectin and migration increased
markedly, after hepatocellular carcinoma cells were transfected
with H-ras oncogene[34]. In addition, fibronectin is the primary
protein involved in the displacement of MMP-2 produced by
adjacent normal cells to cancer tissues[35]. MMP-2 can associate
with the cell surface through its COOH-terminal and
hemopexin-like domain via a number of mechanisms, including
binding to cell-associated collagen I and IV. In our present
study, we also find that collagen I and IV overexpress in
cancerous tissues. This may enhance the fibronectin-induced
displacement of MMP-2, and facilitates invasion of cancerous
cells. Vimentin is also a component of ECM. Enhanced
expression of the vimentin is associated with high degree of
motility, poor differentiation and metastasis of prostate
carcinoma [36] . It has been shown that vimentin was
immunohistochemically positive in basaloid squamous
carcinoma of esophagus[37]. Moreover, uPAR and cathepsin
O2 are also found to be over-expressed in our study. All of
these changes endow pancreatic cancer with the trait of
aggressive growth, and may be potential markers of invasion.
On the other hand, recurrence to chemotherapy after
resection remains a major obstacle to the cure of pancreatic
cancer. It is well known that cancerous cells are surrounded
by an extensive stroma of ECM at both primary and metastatic
sites, which contains, among other proteins, fibronectin,
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laminin and collgen IV. Adhesion of pancreatic cancer cells
to these proteins confers resistance to apoptosis induced by
standard chemotherapeutic agents. The study on small-cell lung
cancer showed that β1-integrin-mediated cell adhesion to ECM
proteins results in tyrosine phosphorylation, which, weaken
persistent chemotherapy-induced DNA damage, prevents
caspase activation and apoptosis[38]. Alpha-tubulin[39], lipocortin
II and uracil DNA glycosylase [14] were also found to be
contributed to resistance to chemotherapy. These genes overexpress in pancreatic cancer in our study, and may play the
same role. It is indicated that the regulation routes of these
genes may be potential targets for treatment of pancreatic
carcinoma.
There are still some genes that should be mentioned.
Prothymosin alpha (PTA) is a nuclear protein that is present
throughout the cell cycle. It has been shown that it binds
histones in vitro and has been proposed to affect the chromatin
state. PTA is expressed in various human tumor tissues of
different origins, supporting the idea that PTA expression is
required for tumor growth. Recent study has shown that in
breast cancer, whose tumor with low or moderate PTA level
demonstrated a statistically significant decreased rate of tumor
recurrence and a statistically significant increased overall
survival in comparison with those whose tumor had high PTA
levels. It is proposed that PTA could be used as a predictor of
the potential malignancy of breast tumors that might help to
identify patients at high risk of fatality[23,24]. Fas-binding protein
and secreted apoptosis related protein-1 (SARP-1) are proposed
to repress apoptosis. SARP-1 may inhibit phosphorylation of
liberated β-catenin and degradation by ubiquitin-protease
system via Wnt signaling way. Subsequently, β-catenin
accumulates in cytoplasm, and cell apoptosis is suppressed.
SARP-1 thus promotes excessive proliferation and
transformation. Fas-binding protein can arrest Fas-induced
apoptosis. Thymosin beta-4 and Thymosin beta-10 are also
up-regulated. These genes may serve as markers for measuring
proliferation of pancreatic cancer cells.
There are two tumor suppressors, B-cell translocation gene
2 (BTG2) and programmed cell death 4 (PCDC4), which are
down-regulated in cancer tissues. PDCD4 gene is homologous
to the mouse gene (MA-3/Pdcd4/A7-1), which is associated
with apoptosis and is shown to suppress tumor promoterinduced neoplastic transformation. The ORF of human PDCD4
encodes a protein of 458 aa with a predicted molecular size of
50.6 kDa. It has been demonstrated that PDCD4 protein inhibits
neoplastic transformation and must be down-regulated for
progression to occur[40]. BTG2, which is induced by p53,
displays an antiproliferative activity in different cell types, such
as fibroblasts and PC12 cells. It is well known that the control
of the cell cycle plays an essential role in cell growth and in
the activation of important cellular processes, such as
differentiation and apoptosis. pRb and p53 are two molecules
identified as key regulators of the cell cycle. Some suggestions
came from a recent report, which showed that BTG2 interacted
with a protein-arginine N-methyltransferase (Prmt1) by
positively modulating its activity. Prmt1, in turn, has been
found to bind the interferon receptors and to be required for
interferon-mediated growth inhibition. A further investigation
on BTG2 demonstrated that this gene inhibited G 1 /S
progression in an Rb-dependent manner and that this effect
was correlated with its ability to inhibit cyclin D1 expression.
Furthermore, the impairment in the ability of BTG2 to lower
cyclin D1 levels, seen in consequence of mutations of the BTG2
molecule, correlated with the extent of impairment in growth
arrest[41].
DNA replication is initiated at discrete sites on chromosomes
through the coordinate action of a number of replication
initiation factors. It is believed that a complex of proteins called
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the origin recognition complex (ORC) associates with specific
DNA sequences near origins of replication to recruit other
replication initiation factors during the G1 phase of the cell
cycle. The other replication initiation factors, Cdc6p, Cdt1p,
and the Mcm2-7p complex, associate with the origin sequence
in an ORC-dependent reaction to form a pre-replicative
complex (pre-RC). At the G1-S transition, the activation of
cyclin-dependent kinases leads to the recruitment of elongation
factors, CDC45, DNA polymerases, and RPA to the pre-RCs
at origins. The action of these replication elongation proteins
leads to the initiation of DNA synthesis, the hallmark of S phase.
Geminin interacts with Cdt1p and prevents the recruitment of
the Mcm2-7p complex to origins during S, G2, and early M
phases of the cell cycle and thereby inhibits replication initiation,
leading to the expectation that the protein acts as an inhibitor of
cell proliferation[42]. The research on these under-expressed genes
may render invaluable information to find novel targets for the
treatment of pancreatic cancer.
In summary, though some genes have been missed in present
study, the genes we have identified may be important to the
tumorigenesis of pancreatic cancer, and potential to serve as
tumor markers or drug targets.
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Abstract
AIM: To investigate TNF-α-308 and TNFB polymorphisms
in acute biliary pancreatitis (ABP) and to related them to the
plasma TNF-α levels.
METHODS: Genomic DNA was prepared from peripheral
blood leukocytes. Genotypes and allele frequencies were
determined in patients (n=127) and healthy controls (n=102)
using restriction fragment length polymorphism analysis of
polymerase chain reaction (PCR) products. Reading the size
of digested bands from polyacrylamide gel demonstrated
the two alleles TNF1 and TNF2, or the two alleles TNFB1
and TNFB2.
RESULTS: The frequencies of TNF2 polymorphism and
TNFB2 polymorphism were both similar in patients with mild
or severe pancreatitis, so were in pancreatitis patients and
in controls. Patients with septic shock showed a significantly
higher prevalence of the TNF2 than those without. No
significant differences were found in the genotype distribution
of TNF-α-308 and TNFB among different groups. Plasma
TNF-α levels did not differ significantly in ASBP patients
displaying different alleles of the TNF gene studied.
CONCLUSION: Results indicate that TNF gene polymorphisms
studied play no part in determination of disease severity or
susceptibility to acute biliary pancreatitis; however, TNF2
polymorphism is associated with septic shock from ASBP.
Genetic factors are not important in determining plasma
TNF-α levels in ASBP.
Zhang DL, Li JS, Jiang ZW, Yu BJ, Tang XM, Zheng HM. Association
of two polymorphisms of tumor necrosis factor gene with acute
biliary pancreatitis. World J Gastroenterol 2003; 9(4): 824-828
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INTRODUCTION
In China and most other countries, gallstones are the most
common cause of acute pancreatitis. There are reports that

gallstones account for between one third and two thirds of
cases, with an average of 40 to 50 %[1]. Acute severe pancreatitis
(ASP) is a serious disease, with highly persistent morbidity
and mortality. Generally speaking, the natural course of severe
acute pancreatitis progresses in two phases. The first 14 days
are characterized by the systemic inflammatory response
syndrome resulting from the release of inflammatory mediators.
The second stage, beginning approximately 2 weeks after the
onset of the disease, is dominated by septic-related
complications resulting from infection of pancreatic necrosis
or bacteria translocation. Today, with improvements in the care
of the critically ill, many patients with ASP survive over early
systemic inflammatory response and enter a second phase of
illness dominated by sepsis and the consequences of organ
failure. More than two thirds of deaths in ASP are due to late
septic organ complications[2]. However, the susceptibility and
mechanism of septic shock related to ASP are still unclear.
Tumor necrosis factor-α (TNF-α), the early cytokine to be
released, is a principal mediator of immune responses to
endotoxin. It can be produced in large amounts in several
organs during ASP and is also believed to mediate
pathophysiological changes[3,4]. Systemic release of TNF-α is
associated with septic shock and fatal outcome. TNF-α levels
are increased in patients with ASP and septic shock and appear
to correlate with clinical outcome.
Because of its short half-life, the value of TNF-α as a marker
of susceptibility or severity for ASP is limited. The production
and response of TNF-α are partly regulated at the transcription
level, the role of polymorphisms of TNF promoter in
determination inflammatory disease susceptibility or as a
marker of severity has been the subject of intense research[5].
There are many single nuclear polymorphisms within the TNFα gene promoter. The TNF-α gene shows a polymorphism at
position -308 in the promoter region. This polymorphism results
in two allele forms, 1 in which a guanine defines the common
allele TNF1 and 1 in which an adenosine defines the uncommon
allele TNF2[6]. The TNF2 allele has been associated with a variety
of inflammatory disorders, including systemic lupus
erythematosus, dermatitis herpetiformis, and celiac disease[7].
Furthermore, TNF2 allele has been found to be a stronger
transcription activator than the TNF1 allele[8-12], resulting in
higher TNF-α levels. Moreover, TNF2 polymorphism has been
associated with morbidity and mortality of severe forms of
cerebral malaria [13] , mucocutaneous leishmaniasis [14] ,
meningococcal disease[15] and septic shock[16].
A polymorphism is also found at position +252 located in
the first intron of the TNFβ gene, with a G in the TNFB1 allele
and an A in the TNFB2 allele[17]. In contrast to TNF-α, which
is expressed mainly by macrophages, TNFβ is expressed and
released by lymphocytes. Genes encoding either cytokine are
positioned next to each other within the cluster of human
leukocyte antigen class III genes on chromosome 6. With
respect to high homology and location in the genome,
evolutionary studies suggest a common ancestor for both genes
that duplicated during evolution. The TNFB1 allele has been
associated with a higher TNFβ response at both the mRNA
and the protein levels[17]. Furthermore, some studies have found
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that the TNFB2 allele results in a higher TNF-α secretory
capacity than the TNFB1 allele[8], and higher plasma TNF-α
levels[18], whereas others could not confirm this observation.
The present study was focused on ABP. The aim was to
investigate TNF-α-308 and TNFB polymorphisms in ABP
patients, and to related the polymorphisms studied to plasma
TNF-α levels.

MATERIALS AND METHODS
Subjects
127 consecutive patients with a first attack of unequivocal acute
biliary pancreatitis (ABP) were prospectively considered from
January 2001 to August 2002. The diagnosis of acute
pancreatitis was based on clinical criteria, an increased amylase activity (enzymatic colorimetric test) in serum and
CT verification of pancreatitis. Etiology of acute pancreatitis
was gallstones, in the presence of appropriate radiological of
endoscopic retrograde cholangiopancreatography (ERCP)
findings. Pancreatitis is classified as severe when APACHE II
score is 8[19] and CT severity index 4[20]. Septic shock was
defined according to ACCP/SCCM consensus conference
criteria [21]. The control Group came from 102 healthy
volunteers. In order to be eligible for the enrollment, all of the
subjects from the two groups had to be yellow Chinese Han.
The exclusion criteria were defined as follows: (1) age > 75
years; (2) cardiac failure(class>III); (3) liver insufficiency
(Child C); (4) White blood cell counts <0.4×10 9/L; (5)
immunosuppression; (6) there was a delay of more than 36
hours from onset of abdominal pain and hospitalization; (7)
patients who had clinical, radiological, or ERCP evidence
suggestive of a diagnosis of chronic pancreatitis. The study
was approved by the local Ethics Committee and informed
consent had been obtained from the patient or a close relative.
Measurement of plasma TNF-α concentrations
Peripheral venous plasma samples were collected (EDTA
anticoagulation) from only ASBP patients at admission,
centrifuged and stored at -70 before analysis. Plasma TNFalpha concentrations were measured by enzyme immunoassay
kit (Quantikine HS Human TNF-alpha immunoassay. kit, R &
D Systems, Inc, Minneapolis, MN). The limit of sensitivity
was 2.5 pg/mL.
TNF-α-308 G to A substitution
Each patient’s DNA was extracted from whole blood using Wizard
Genomic DNA Purification kit (Promega) according to the
manufacture’s instruction. PCR was used to amplify a 107
basepairs fragment of the TNF-α genomic sequence using
primers. Upstream: 5’-AGGCAATAGGTTTTGAGGGCCAT 3’,
downstream: 5’-TCCTCCCTGCTCCGATTCCG 3’ (Nanjing
Bio Eng Co.Ltd.). The following PCR protocol was used: 94
for 3 minutes; 35 cycles of 94 for 45 seconds, 60 for 45
seconds, 72 for 45 seconds; 72 for 5 minutes using reagents
purchased from Promega on a Gene CyclerTM (BIO-RAD,
Japan). The PCR product was digested directly with 2 U NcoI
restriction enzyme (Promega) at 37
for 6 hours. Digested
DNA was analyzed on 5 % polyacrylamide gels. Ethidium
bromide staining of the gel demonstrated the original 107
basepairs fragment (homozygous patients for allele TNF2,
lacking NcoI site), three fragments of 102, 87 and 20 basepairs
(heterozygous patients), or two fragments of 87 and 20 basepairs
of size (homozygous patients for the allele TNF1), (Figure 1).
TNF-β NcoI polymorphism
A 782 basepairs fragment of the TNF-β genomic sequence,
including the polymorphic NcoI site, was amplified using PCR.

825

The following nucleotide sequences were used for PCR
amplification[18]: 5’-CCGTGCTTCGTGCTTTGGACTA 3’
and 5’-AGAGGGGTGGATGCTTGGGTTC3’ (Nanjing Bio
Eng Co.). The following PCR protocol was used: 95 for 3
minutes; 37 cycles of 95 for 1 minute, 50 for 1 minute,
72
for1 minute; 72
for 5 minutes using reagents
purchased from Promega on a Gene CyclerTM (BIO-RAD,
Japan). The PCR product was digested directly with 2 U NcoI
restriction enzyme (Promega) at 37
for 6 hours. Digested
DNA was analyzed on 5 % polyacrylamide gels. Ethidium
bromide staining of the gel demonstrated the original 782
basepairs fragment (homozygous patients for allele TNFB2),
three fragments of 782, 586 and 196 basepairs (heterozygous
patients), or two fragments of 586 and 196 basepairs of size
(homozygous patients for the allele TNFB1), (Figure 2).

200 bp

100 bp

107 bp
87 bp
Lane 1

2

3

4

Figure 1 Lane1 and 4, TNF2 homozygote; Lane 2, TNF1/TNF2
heterozygote; Lane 3, TNF1 homozygote.

782 bp
586 bp

500 bp

196 bp

100 bp
Lane

1

2

3

4

Figure 2 Lane 1 and 3, TNFB1/TNFB2 heterozygote; Lane 2,
TNFB1 homozygote; Lane 4, TNFB2 homozygote.

Statistical analysis
Comparison of allelic and genotype frequencies was examined
for statistical significance with chi-square test. Descriptive data
of continuous variables were tested by Student’s t-test. Plasma
TNF-α levels were reported as median ± SD. Analysis was
completed by SPSS 10.0, and a 2-tailed P<0.05 was considered
statistically significant.
RESULTS
Characteristics of the patients
According to the selected criteria, 61 patients (36 females,
males 25) with acute severe pancreatitis were studied. The mean
age (± SD) was 54.6±19 years. APACHE II, 11.5±1; CT, 6±1.
Of these, 18 had developed septic shock. The APACHE II
score and CT score at the time of admission was similar in
both septic shock and no septic shock patients. This study was

undertaken in selected patients with acute mild biliary
pancreatitis (AMBP, n=66) as defined by APOCHE II score[19]
and CT severity index[20], and matched with ASBP for age,
sex, and cause of pancreatitis. Patients with AMBP had an
uneventful recovery. The control group included 102 healthy
volunteers, the mean age (± SD) was 44.5±10 years. The
distribution of gender was 59 females and 43 males.

Two polymorphisms of tumor necrosis factor gene
The frequency distribution of genotypes for TNF
polymorphisms studied is shown in Table 1. There was no
significant difference in the TNF-308 or TNFB genotype
frequency distributions between patients with mild or severe
disease. For the TNF-308 polymorphism, TNF2 was found in
18 (29.5 %) of patients with ASBP compared with 17 (25.8 %)
of patients with AMBP (χ2=0.223, P=0.636). Likewise TNFB2
occurred in 42 (68.9 %) of patients with ASBP compared with
44 (66.7 %) of patients with AMBP (χ2=0.147, P=0.702).
Further there were no significant differences in the TNF308 or TNFB genotype frequency distributions between
patients with ABP and controls (Table 1). As to TNF2
frequency, it was found in 35 (27.6 %) of patients with ABP
compared with 26 (25.5 %) of controls (χ2=0.124, P=0.725).
Likewise TNFB2 occurred in 86 (67.7 %) of patients with ABP
compared with 63 (61.8 %) of controls (χ2=0.882, P=0.348
respectively).
TNF2 was found in 9 (50 %) of ASBP patients who
developed septic shock compared with 9 (20.1 %) of ASBP
patients with no septic shock (χ2=5.155, P=0.023). However,
TNFB2 occurred in 13 (72.2 %) of ASBP patients with septic
shock compared with 29 (67.4 %) of ASBP patients with no
septic shock (χ2=0.135, P=0.713), (Table 2).
Table 1 Comparison of TNF Genotype among different groups
TNF-308
G/G
ASBP

G/A

TNFB
A/A

1/1

1/2

2/2

43 (70.5)

15 (24.6)

3 (4.9)

19 (31.1)

25 (41.0)

17 (27.9)

AMBP 49 (74.2)

14 (21.2)

3 (4.5)

22 (33.3)

26 (39.4)

18 (27.3)

χ2=0.040, P=0.980
ABP

29 (22.8)

6 (4.7)

41 (32.3)

51 (40.1)

35 (27.6)

Control 76 (74.5)

21 (20.6)

5 (4.9)

39 (38.2)

35 (34.3)

28 (27.5)

χ2=3.594, P=0.166

Note. Comparison by chi-square test. No significant differences
were found in the distribution of each genotype frequency [no.
(%)] between any of the two groups.
Table 2 Comparison of TNF2 frequency and TNFB2 frequency
between septic shock group and no septic shock group
Septic shock (n=18)
TNF2
TNFB2
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concentrations of TNF-α, between ASBP patients who
developed septic shock and ASBP patients who didn’t.
100

60

20

-20
No septic shock Septic shock
Groups

Figure 3 Baseline concentrations of TNF-α at inclusion in ASBP
complicated by septic shock or not. P=0.643. No significant
differences were found in baseline TNF-α levels between septic shock group and no septic shock group.

Association of two polymorphisms of TNF gene with TNF-α
levels
In ASBP patients, no association was found in baseline TNF-α
levels between TNF2 carrier and TNF1 carrier (30.73±23.05 vs
25.65±22.63, P=0.430), neither was found between TNFB2
carrier and TNFB1 carrier (25.53±23.71 vs 30.73±20.38,
P=0.412), (Figure 4 and Figure 5).
100
80
60
40
20
0
-20

TNF2

TNF1
Groups

χ2=0.197, P=0.906

92 (72.4)

χ2=2.545, P=0.280
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No septic shock (n=43)

P

9 (44.4%)

9 (20.9%)

0.023

13 (72.2%)

29 (67.4%)

0.713

Patients with septic shock showed a significantly higher prevalence of the TNF2 than those without. No such association was
seen in TNFB2.

Baseline concentrations of TNF-α at inclusion in ASBP
Plasma TNF-α levels at inclusion were detectable in all of the
patients with ASBP and shown in Figure 3. At inclusion, among
the 61 patients who were admitted for ASBP, 31 (50.8 %) had
an increased concentration of TNF-α (normal value <20 pg/
mL). There was no significant difference in baseline

Figure 4 Comparison of TNF-α levels (pg/mL) in ASBP patients based on TNF2 allele. No significant difference was
found in TNF-α levels between TNF2 carrier and TNF1 carrier.
100
TNF-α levels (pg/ml)

826

80
60
40
20
0
-20

TNFB2

TNFB1
Groups

Figure 5 Comparison of TNF-α levels (pg/mL) in ASBP patients
based on TNFB2 allele. No significant difference was found in
TNF-α levels between TNFB2 carrier and TNFB1 carrier.

DISCUSSION
In the study we have found no association between either TNFα-308 or TNFB biallelic polymorphism and ASBP or ABP, and
thus no evidence that these loci contribute to ASBP susceptibility

Zhang DL et al. Association of TNF gene polymorphisms with pancreatitis

or severity. This was in line with previous study[22, 23]. However,
the distribution of TNF-α-308 polymorphisms within the ASBP
patients varied, and TNF2 allele was found significantly more
frequently in the septic sock patients than in no septic shock
ones (P<0.05). The association between the septic shock
patients and TNF polymorphism was restricted to the TNF-α308 polymorphism (TNF2 allele), no such association being
seen with TNFB2. The finding of an apparent association
between the TNF-α-308 polymorphism and the septic shock
raises the possibility that genetic factors may play a role in
controlling the onset of septic shock related to ASBP.
In our study an increased TNF-α value was documented in
50.8 % of ASBP patients at inclusion. This finding confirms
two previous clinical studies in which TNF-α was documented
in 29 % to 78 % of patients studied[24, 25]. However, there was
no significant difference in baseline TNF-α levels between
patients who developed septic shock and patients who didn’t.
The result suggested that plasma baseline TNF-α level was of
little value predicting whether septic shock would occur in ASP.
In sepsis and other diseases TNF polymorphisms have been
associated with morbidity and mortality of severe forms[13-16,26].
The present study did not found an association in the
distribution of either TNF2 allele frequency or TNFB2 allele
frequency between ASBP patients and AMBP patients (χ2=0.223,
P=0.636 and χ2=0.147, P=0.702 respectively). The results
showed no correlation between the gene polymorphisms
studied and disease severity. Comparison of TNF2 allele
frequency or TNFB2 allele frequency in patients with ABP
and in healthy controls suggested that these polymorphisms
studied did not influence disease susceptibility (χ2=0.124,
P=0.725 and χ2=0.882, P=0.348 respectively). However,
significant difference was found in TNF2 allele frequencies
between septic shock patients and non-septic shock patients
(χ2=5.155, P=0.023). Indeed, only in severe forms of cerebral
malaria[13], mucocutaneous leishmaniasis[14], meningococcal
disease[15] and septic shock[16], were morbidity and mortality
linked with TNF2 allele or TNFB2 allele. In mild conditions,
no such relationship was found between sepsis and the TNF2
allele[27]. As to TNF-α-308 and TNFB genotype, there were
no significant difference in the distribution of either type
between ASBP patients and AMBP patients, neither was found
between ABP patients and controls. It suggested that TNF-α308 genotype and TNFB genotype were both not related to
the susceptibility or severity of ABP.
Although polymorphisms may only be markers of other
functionally significant gene polymorphism, at least one of
the TNF gene polymorphisms studied is known to have
functional significance. It seems that environmental factors
trigger cytokine secretion, genetic factors may be important
in determining levels of secretion [28]. In vitro studies have
identified that individuals may demonstrate consistent
differences in leukocyte cytokine secretion[29] and that these
difference are probably genetically predetermined[28]. In our
study, plasma TNF-α concentrations of ASBP patients with
TNF2 allele or TNFB2 allele were not significantly higher than
that of patients without TNF2 allele or TNFB2 allele
respectively. It suggested that there was no significant
correlation between TNF-α concentration and TNF2 or TNFB2
allele carriage. However, many factors could influence plasma
TNF-α concentrations. Of these, an important one is its
relatively short half-life[30], so we were at great risk of missing
the intravascular secretion of this cytokine. Another reason for
low plasma TNF-α concentrations may be the breakdown of
TNF-α by enzyme released from pancreas into circulation[31, 32].
Furthermore, this detectable level does not take into account
the membrane-bound form of TNF-α. In addition, in complex
biologic systems, the effect of a single gene polymorphism in
determining cytokine production may be minimized through
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the interaction of other factors[33]. Maybe circulating TNF-α
levels do not correspond with the TNF2 and TNFB2
polymorphisms, however, circulating TNF-α levels might be
under a multifactoral regulatory process. Local TNF-α levels
might be of greater importance and under more control by
specific polymorphisms.
To the best of our knowledge, there have two different
studies on the association of two polymorphisms of tumor
necrosis factor gene with acute severe pancreatitis[23, 35], and
our results are in line with theirs. However, they both failed to
study the association of two polymorphisms with septic shock
due to ASBP. The finding of our study for the first time, to our
knowledge, raise the possibility that TNF2 allele may play some
role in the susceptibility of septic shock related to ASBP.
However, the role, if any, of genetic factors in influencing the
occurrence of septic shock awaits confirmation in further
prospective studies. If the association between TNF2 allele
and septic shock is confirmed, it would have implications not
only for understanding of mechanisms of septic shock from
ASBP, but also in the clinical management of patients, with
the possibility that TNF2 carriers at high risk of septic shock
may be identifiable early in the disease course, allowing early
and aggressive therapy to be instituted. In addition, the study
offers new opportunities for studying intervention with antiTNF therapies. Determining a patient’s TNF2 genotype before
starting the treatment may permit the selection of a TNF2 group
of high-risk patients who could benefit from treatment with
anti-TNF. Such a possibility deserves further study, since an
effective therapy for ASBP patients with septic shock would
have important clinical and economic consequences.
In conclusion, our study demonstrated that there was no
association between acute biliary pancreatitis and the two
polymorphisms of tumor necrosis factor gene studued;
however, TNF2 allele were associated with the susceptibility
to septic shock related to acute sever biliary pancreatitis.
Genetic factors are not important in determining plasma TNFα levels in ASBP.
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Abstract
AIM: Bioartificial liver is a hope of supporting liver functions
in acute liver failure patients. Using polysulfon fibers, a new
bioartificial liver was developed. The aim of this study was
to show whether this bioartificial liver could support liver
functions or not.
METHODS: Hepatocytes were procured from swine using
Seglen’s methods. The bioartificial liver was constructed by
polysulfon bioreactor and more than 1010 hepatocytes. It
was applied 14 times in 12 patients, who were divided into
7 cases of simultaneous HBAL and 5 cases of nonsimultaneous HBAL. Each BAL treatment lasted 6 hours. The
general condition of the patients and the biochemical indexes
were studied.
RESULTS: After treatment with bioartificial liver, blood
ammonia, prothrombin time and total bilirubin showed
significant decrease. 2 days later, blood ammonia still showed
improvment. within one month period, 1 case (1/7) in
simultaneous group died while in non-simultaneous group
2 cases (2/5) died. The difference was significant. Mortality
rate was 25 %.
CONCLUSION: The constructed bioartificial liver can
support liver functions in acute liver failure. The simultaneous
HBAL is better than non-simultaneous HBAL.
Ding YT, Qiu YD, Chen Z, Xu QX, Zhang HY, Tang Q, Yu DC.
The development of a new bioartificial liver and its application
in 12 acute liver failure patients. World J Gastroenterol 2003; 9
(4): 829-832
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INTRODUCTION
Acute liver failure (ALF) is commonly seen in the mainland
of China. The patients are always characterized by infection
of hepatitis B. Liver cell damage is the main reason of ALF.

When the amount of normal cells decrease below its limit,
liver function will deteriorate and a vicious cycle will be
formed.
Liver transplantation (LT) has already been a wise choice
for these patients[1-3]. The 1 year survival rate could be improved
to more than 70 % when LT is applied[4,5]. But the donor is
scarce, so it limits the wide practice of LT. Many patients
exacerbated and died during the period of waiting donor liver.
Bioartificial liver (BAL) is designed to take the responsibility
of supporting liver functions temporarily in acute liver
failure[6-9]. It consists of a semi-permeable membrane and living
allogeneic or syngeneic liver cells. The flow of blood or
plasma from the patient can exchange the substances with
those cells through this membrane. The ammonia and other
toxins in blood then are detoxified, as well as some useful
factors are secreted into blood. Many scholars reported that
BAL was effective and could be used as a bridge to LT[8-10].
Also this technique gave the chance of spontaneous recovery
of the native function because of liver cell regeneration in
some cases[8,11].
It is estimated that 1×109 hepatocytes are the lowest limit
that are needed in BAL[10]. Such large number of hepatocytes
are very difficult to be cultured in a small bioreactor. Enlarging
the volume of the bioreactor and adding a hepatocytes cell
pool are both good methods to solve such problems.
Using a bioreactor made of polysulfon, we developed a
bioartificial liver recently and applied it in 12 patients. The
results were exciting.

MATERIALS AND METHODS
Animals
Healthy Chinese experimental miniature swine were
purchased from the Animal Center of Beijing Agriculture
University. On receipt, swine were kept in a temperature and
humidity controlled environment (20-25 , humidity 50-70 %)
in a 12/12 hour light/dark cycle and fed with a cereal based
diet with free access to water. More than a week later, they
were used to get the hepatocytes. 12 hours before procedure
only free water ad libitum was allowed. The animals were
treated in accordance with the guidelines established by
Affiliated Drum Tower Hospital of Medical College of
Nanjing University.
Hepatocytes preparation
Hepatocytes were isolated from the swine by in situ liver
perfusion and enzymatic collagenase digestion according to
the process described by Seglen[12]. Briefly, under katamine
(50 mg/kg) anesthesia, a median laparotomy and cannulation
of the portal vein were performed. The inferior vena cava was
ligated just above the renal vein and then was cannulated close
to the heart. The liver was perfused at 4
and pH 7.6 with
3 000 ml Hanks solution through the portal vein. Then the
liver was circularly perfused with 500 ml 0.5
collagenase
IV solution (Gibco, New York, USA) at a constant flow of 20
ml/minute. The softened liver was then excised and hepatocytes
were separated from the connective liver tissue by gentle
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agitation. The resulting cell suspension was filtered though 50
µm sterile metal mesh. The cells were washed three times,
suspended in non serum RPMI 1640 culture medium (Sigma,
Louis, USA) with 200 µg/L hydrocortisone, 1 mg/L HGF, 10
µg/L EGF, 20 µg/L NGF, 100 µg/Linsulin, 4 µg/L glucagon,
6.25 mg/L transferrin, 10 mg/L linoleic acid, 2 mmol glutamine,
0.5 g/L bovine serum albumin, 3nmol sodium selenate, 0.1 µg/
L CuSO4·5H2O, 50pM ZnSO4·7H2O, 15 mmol HEPES, 200 µg/
L cefaperazone, 1×10 5 U/Lpenicillin and 100 mg/L
streptomycycin. Cell viability was determined by the
trypanum exclusion test. Only suspentions with cell viability
of 95 % were used. Cells suspension was then stirring
incubated overnight in that non serum RPMI 1640 culture
medium at 37 .

Configuration of bioartificial liver
Polysulfon bioreactor was purchased from TECA Corp.
(Hongkong, China). The molecular cutoff of the membrane
was 100 kD. Total fiber internal surface area was 1 620 cm2,
external surface area was 2 060 cm2. Before use, the bioreactor
was sterilized and rinsed by 3 000 ml normal saline. A
hepatocytes reservoir, a rolling pump and a circulation cycle
were designed to connect to the extra-fiber compartment of
bioreactor. The aim was to ensure more than 1010 hepatocytes
being used and enough nutrition could be provided. Then the
cultured suspended cells were filled into the extra-fiber
compartment of bioreactor. The rolling rate of the pump was
80 ml/minute.
Blood was removed from the patient through a double lumen
catheter in superficial femoral vein at a rate of 100 ml/minute
and run through a plasma separator. The separated plasma
passed through a charcoal column or bilirubin absorption
column and then run into the intra-fiber compartment of
bioreactor in simultaneous HBAL, while in non- simultaneous
HBAL the plasma run directly into the intra-fiber compartment
of bioreactor. The reacted plasma were then reconstituted with
red blood cells and returned to the patient via the venous
cannula. (Figure 1).
Femoral

vein
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from 13 to 56. All the patients were found having hepatitis B
infection (Table 1). Before the BAL supporting treatment, an
evaluation of the patient’s psychic state was conducted by a
psychologist, and an agreement of BAL application was signed
by the patient and/or his direct relatives.
The treatment regimen included simultaneous HBAL and
non-simultaneous HBAL. The only difference was bilirubin
absorption treatment or plasma exchange treatment being used
1day before the bioreactor was applied in non-simultaneous
HBAL while in simultaneous HBAL they were applied
simultaneously. Other traditional treatments were all the same.
Some liver function indexes and the one month mortality rate
were used to evaluate the function of BAL.
Table 1 Clinical data of the patients
Patient Sex
No.

Age

Hepatitis
B infection

Regimen
of treatment

Number of
treatment

Result

1

M

13

+

HBAL(CC)

1

Improved

2

M

38

+

1.

1

Improved

2.

HBAL(BAC)
BAL

1

3

F

34

+

HBAL(BAC)

1

Improved

4

M

55

+

HBAL(BAC)

1

Death

5

M

52

+

HBAL(BAC)

1

Improved

6

M

46

+

HBAL(BAC)

1

Improved

7

M

58

+

HBAL(BAC)

1

Improved

8

M

33

+
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M: male, F: female, +: positive, HBAL: hybrid bioartificial liver,
BAL: bioartificial liver, (CC): with charcoal column, (BAC): with
bilirubin absorption column, PE and BAL: plasma exchange
and 24 hours later BAL only, HF and BAL: hemofiltration and
24 hours later BAL only, BAC and BAL: bilirubin absorption
and 24 hours later BAL only.

Statistical analysis
Mortality rate was expressed as percentage. Others were
expressed as mean ± SD. Paired T test was used (SPSS software,
SPSS Inc. USA). Probability of less than 0.05 was accepted as
significant.

Blood reservoir 1
Plasma seperation

CC or BAC

bioreactor

Blood reservoir 2

Figure 1 The constructed bioartificial liver. CC: charcoal
column. BAC: bilirubin absorption column.

Clinical use
12 patients, which include 9 male and 3 female, suffering from
acute liver failure were adopted to this study. The age ranged

RESULTS
In 12 patients, 14 times BAL treatments were conducted. The
period of one BAL treatment lasted 6 hours. All patients
experienced the procedure successfully.
3 patients died soon after the procedure and 9 were improved.
The mortality rate was 25 %. The criteria of improvement
included improvement of general condition of the patient,
persistent hepatic function improvement, improved psychic
state, and recovery.
In biochemical test, ALT showed slight decrease in posttreatment period and restored to pre-treatment level 2 days
later. No change in blood albumin. Blood ammonia,
prothrombin time and total bilirubin indexes showed significant
decrease after treatment. 2 days later, only blood ammonia
still maintained significant low level (Figure 2).
In non-simultaneous HBAL, the mortality rate was 40 %.
While in simultaneous HBAL, the mortality rate was 14.3 %.
Significant difference was found comparing them (Figure 3).
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Typical case report: A male, aged 38 years old, was admitted
for “fatigue and yellow urine for a week”. Physical examination
showed yellowish face, moderate jaundice in skin and sclera,
palpable liver that was 2 cm below the costal arch in right
mid-clavicular line, and tenderness in right upper abdomen.
Laboratory examination showed positive HBs antibody, Hbe
antibody and HBc antibody, abnormal liver function. B type
ultrasound examination showed image of liver injury. The
diagnosis was severe acute hepatitis with hepatitis B virus
infection. After admission, the patient was given conventional
treatment without any improvement and ran downhill. One
week later, He received a simultaneous HBAL (bilirubin
absorption) treatment. Total bilirubin and prothrombin time
decreased immediately. 6 days later he received another HBAL
treatment because of worsening some biochemical indexes. 2
weeks after that the patient was recovered and was waiting for
liver transplantation. (Table 2).
Table 2 Change of some biochemical index after the HBAL
treatment
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Figure 2 Change of ALT, ammonia, prothrombin time, albumin and total bilirubin index in 12 patients. Compared with
pre-, ammonia, prothrombin time and total bilirubin index
showed significant decreace in post-. 2 days later, only ammonia showed significant lowing. pre-: pre-treatment, post-: posttreatment, 2d later: 2 days after the treatment. Paired T test
was used to test the difference.
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Figure 3 The mortality rate of simultaneous HBAL and nonsimultaneous HBAL. Significant difference was found between
this two groups (P<0.05).

HBAL: hybrid bioartificial liver; BA: bilirubin absorption.

DISCUSSION
ALF is a severe disease in clinical practice with a mortality
rate of 30-80 %[1-5]. OLT is thought to be the most effective
method to improve the prognosis. But it is greatly limited due
to shortage of donor liver [3,4]. HBAL is designed to take
responsibility of improving the poor physical state of the
patients and supporting liver function for a short time which
may serve as a bridge to OLT[6-11].
The ideal HBAL should support the patients to pass through
the worst period of the course by its metabolic, synthetic,
toxin and drug degradational functions. When it works,
immune reactions to the living cells may be avoided [13,14],
while toxins and some useful factors might be capable to
pass the membrane freely.
Construction of HBAL
The external BAL is being studied in many medical centers.
Living hepatocytes are first needed in this apparatus. Human
hepatocytes are the ideal choice. But the only available human
livers are all used for liver transplantation. Human cell strains
from some liver neoplasmas were also reported. But the danger
of this application is unknown. Porcine hepatocytes are the
commonest choice of many centers, because pigs are cheap and
easy to get, without any ethical contradictions of killing them.
When the liver cells are procured, the membranes might be
damaged by the enzymes or the mechanical factors[15]. The
damaged membrane needs 1 to 3 days for recovery[16]. Our
experience shows 1 day stirring culture of the procured
hepatocytes is enough.
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Enough viable hepatocytes are also important in BAL. It
was estimated that 1×109 hepatocytes are the lowest limit[10].
Such a large number of hepatocytes are very difficult to live
and maintain its function in a small bioreactor, through which
hepatocytes may exchange substance with blood. If the volume
of bioreactor is enlarged greatly, hemodynamics of the patient
may be disturbed. We designed a two cycles bioreactor. The
first cycle was to supply the nutrition and the other one was to
connect to a cell reservoir which ensured 1010 cells were used
in this system.
The toxins in blood are sometimes harmful to living
hepatocytes. To decrease this effect, mechanical filtration or
absorption is used in this system. Due to long period of time to
construct the system and urgent situation of the patient
requiring this treatment, we designed a non-simultaneous
HBAL, that used mechanical filtration or carbon absorption
or bilirubin absorption or plasma exchange first, then BAL
was applied the next day. The results were not satisfactory.
The mortality rate was higher than the simultaneous HBAL.

Effects of HBAL
The material of the bioreactor and the characters of it are most
important. Polysulfon was chosen because of its good
histocompatibility with body and little toxicity. In dialysis
medicine the polysulfon is already widely used as dialyzer.
The molecular cut-off is another important index for the
bioartificial liver. If it is large enough, cells in it may not be
protected completely. Otherwise the toxins cannot be detoxified
and useful factors secreted by hepatocytes cannot enter the
body. The molecular cut-off we choosed was 100 kD because
IgG is about 150 kD and albumin or hepatic growth factor is
about 70-80 kD.
Our experiments showed that BAL could function well
when applied to the patients. The ammonia, prothrombin time
and total bilirubin showed significant decrease in post-treatment
examination. ALT also showed a slight decrease in posttreatment study, although no significant difference was found.
Also HBAL showed a delayed reaction, 2 days after
application as ammonia still showed significant decrease. We
considered that this function might be due to the synthetic
function of HBAL.
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Abstract
AIM: To investigate and compare frequencies of serum
positive cagA in patients from two separate regions of Turkey
who were grouped according to the presence of peptic ulcer
disease or non-ulcer dyspepsia.
METHODS: One hundred and eighty Helicobacter pyloripositive patients with peptic ulcer disease or non-ulcer
dyspepsia were included in the study. One hundred and
fourteen patients had non-ulcer dyspepsia and 66 had peptic
ulcer disease (32 with gastric ulcers and/or erosions and 34
with duodenal ulcers). Each patient was tested for serum
antibody to H. pylori cagA protein by enzyme immunoassay.
RESULTS: The total frequency of serum positive cagA in
the study group was 97.2 %. The rates in the patients with
peptic ulcers and in those with non-ulcer dyspepsia were
100 % and 95.6 %, respectively. These results were similar
to those reported in Asian studies, but higher than those
that have been noted in other studies from Turkey and
Western countries.
CONCLUSION: The high rates of serum positive cagA in
these patients with peptic ulcer disease and non-ulcer
dyspepsia were similar to results reported in Asia. The fact
that there was high seroum prevalence regardless of ulcer
status suggests that factors other than cagA might be
responsible for ulceration or other types of severe pathology
in H. pylori-positive individuals.
Serin E, Yilmaz U, Künefeci G, Özer B, Gümürdülü Y, Güçlü M,
Kayaselçuk F, Boyacioðlu S. Serum positive cagA in patients
with non-ulcer dyspepsia and peptic ulcer disease from two
centers in different regions of Turkey. World J Gastroenterol
2003; 9(4): 833-835
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INTRODUCTION
Helicobacter pylori (H. pylori) infection is very common,
especially in developing countries; however, patients with this

infection rarely develop clinically significant conditions, such
as peptic ulcer disease. This situation has prompted researchers
to investigate the possible roles of host and environmental
factors, and factors related to the bacterium itself in cases that
show severe pathologies [1-3] . Earlier works identified
associations between H. pylori strains that harbor cytotoxinassociated gene A (cagA) and significant gastroduodenal
pathology; however, the results of more recent studies are
conflicting. In Europe, investigators have reported a
significantly higher seroprevalence of cagA antigen in
gastroduodenal ulcer cases than that in non-ulcer dyspepsia
cases[4,5]. In contrast, most studies from Asian countries have
noted that there was no significant difference between these
patient groups with respect to anti-cagA antibody positivity[5-7].
Interpretation of these findings has been further complicated
by reports from Japan and China. Some of these results differ
from those of other Asian studies, and are in line with findings
in Western countries[8,9].
Turkey is geographically situated between two continents
that are reported to have different cagA seroprevalence rates.
Our aim in this study was to compare the frequencies of serum
positive cagA in Turkish patients with peptic ulcer disease and
those with non-ulcer dyspepsia.

MATERIALS AND METHODS
General data of patients
The study included 180 patients (79 males and 101 females;
mean age 43.4±11.2 years old) with dyspepsia who were
confirmed H. pylori-positive by rapid urease testing. The
patients came from two Baskent University medical centers in
two different Turkish cities. Ninety-nine were from the southern
city of Adana, and 81 were from Ankara in central Turkey.
Individuals who met at least one of the following criterias were
excluded from the study: history of H. pylori eradication
treatment; anti-secretory and/or non-steroidal antiinflammatory drug therapy in the 4 weeks prior to the study;
chronic organ failure (chronic renal, pulmonary, or liver
disease); chronic alcohol intake and cigarette smoking.
Methods
Gastric specimens from the antrum and corpus of each patient
from the Adana Hospital were examined with hematoxylin/
eosin and Giemsa stains. For each specimen, chronic
inflammation, neutrophil activity, and H. pylori density were
scored separately, according to the updated Sydney system:
0=normal, 1=mild, 2=moderate, and 3=severe[10]. We modified
the four-point scale for histological scoring slightly in order to
facilitate statistical analysis. Scores of 0-1 were categorized
together as “low score” and scores of 2-3 were categorized
together as “high score.” The same pathologist examined all
the histological sections.
Three groups were divided according to the patients’
endoscopic findings: a non-ulcer dyspepsia (NUD) group
(n=114); a duodenal ulcer (DU) group (n=34); and a gastric
ulcer and/or erosion (GU/E) group (n=32).
Enzyme immunoassay (Equipar Diagnostici, Rome, Italy)
was used to test for the presence of serum IgG and IgA
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antibodies to H. pylori cagA protein. Since there is no
international standard for IgG levels, this was quantitated by
means of a standard curve calibrated in arbitrary units per
milliliter (Uarb/mL). Serum levels above 5 Uarb/mL were
considered to indicate positivity.

Statistical analysis
The unpaired Student’s T-test and the χ2 test were used to
analyze the data, as appropriate. It was considered to be
statistical significant when P<0.05.
RESULTS
Of the 180 patients, 175 (97.2 %) were cagA (+). The rate
serum positive cagA in the NUD group was 95.6 %, and they
were 100 % in both DU and GU/E groups. The overall rate in
each hospital and the group rates in each center were shown in
Table 1. The NUD, DU, and GU/E groups had similar mean
serum levels of IgG-type cagA antibodies (45.2±40.3 Uarb/
mL, 54.3±42.4 Uarb/mL, and 51.2±41.3 Uarb/mL,
respectively; P>0.05).
Table 1 The rates of serum positive cagA overall and according to endoscopic diagnosis in the patients from the two different centers
cagA+
Adana hospital n (%)
Total patients
NUD patients
GU/E patients
DU patients

Ankara hospital n (%)

98/99 (98.9)
73/74 (98.6)
12/12 (100)
13/13 (100)

77/81 (95.1)
36/40 (90.0)
20/20 (100)
21/21 (100)

P
NS
NS
NS
NS

Denotes: NUD: Non-ulcer dyspepsia; DU: Duodenal ulcer; GU/
erosion: Gastric ulcer and/or erosions.
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Figure 1 The percentages of patients with high scores
(moderate or severe findings) for inflammation, neutrophil
activity, and H. pylori density in the antrum and corpus. (NUD:
Non-ulcer dyspepsia; DU: Duodenal ulcer; GU/erosion: Gastric ulcer and/or erosions).
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In each group, the percentages of patients with high scores
for each histologic parameter were calculated. Separate
calculations were made for the antrum and the corpus specimens.
The results were then compared to demonstrate whether there
was any difference among gastroduodenal pathologies (NUD,
DU, and GU/E) with respect to severity of gastritis and H.
pylori density in each stomach region (Figure 1). In the antrum,
there were no significant differences in the group rates for
chronic inflammation, neutrophil activity, and H. pylori density
(P>0.05), and all three groups had very high frequencies of
high scores for chronic inflammation and H. pylori density.
Analysis of the corpus findings showed that the DU group had
a lower percentage of patients with high inflammation scores
than those in the other two groups (P<0.05). Also, the GU/E
group had a higher percentage of patients with high H. pylori
density scores than those in the other two groups (P<0.05).

DISCUSSION
Many studies have suggested that cagA+ strains of H. pylori
are associated with severe gastrointestinal lesions, such as
severe gastritis, peptic ulcer disease, and gastric cancer[11-13].
In infected patients, the cagA protein is translocated into
epithelial cells and induces structural changes in these cells[14,15].
A number of investigations have shown that infection with
these strains leads to increased secretion of interleukin-8, which
plays a pivotal role in the inflammatory response[16,17]. Despite
these findings and observations, recent studies of the frequency
of cagA+ H. pylori strains in patients with NUD have suggested
that factors other than cagA may contribute to severe
gastrointestinal pathologies[5-7].
Studies of patients with and without peptic ulcer disease in
different countries, and in different regions within countries,
have revealed wide variations in cagA serum prevalence in
these two groups. This variation is evident if we compared the
data from our study group overall (180 H. pylori-positive
patients from health centers in central and southern Turkey)
and a previously published study of patients from western
Turkey [18]. The latter report showed that the rate of serum
positive cagA was significantly higher in peptic ulcer patients
than that in NUD patients, whereas our results showed higher
but similar rates when our patients were categorized in these
two groups. When we analyzed our data of patients categorized
according to hospital/city origin (Table 1), the overall rates of
serum positive cagA were similar, and the corresponding rates
were similar when the patients were divided into NUD, GU/E,
and DU groups. These observations supported the suggestion
that cagA should not be considered a universal marker for the
prediction of severe gastrointestinal pathology. The reasons
for, and the clinical aspects associated with this variation in
serum positive cagA are not clear. Two possible reasons for
the discrepancy among studies even from same country are
the possible differences between commercial kits in the
detection of cagA antibody in the sera of patients and variation
in the prevalence of serum positive cagA strains even in areas
showing geographical proximity.
In our study, we were unable to compare the severity of
gastritis and H. pylori density in patients with cagA(+) and
cagA(-) strains because almost all of the 180 patients tested
positive for cagA antibodies, regardless of the endoscopic
diagnosis. We performed an indirect analysis in attempt to
determine whether cagA+ H. pylori strains were associated
with severe gastritis. For this, we focused only on individuals
with high histological scores, and determined the percentage
of patients in each group that had high scores for chronic
inflammation, neutrophil activity, and H. pylori density,
respectively. The NUD, GU/E, and DU groups all had very
high frequencies of high inflammation scores in the antrum.
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However, in the corpus, the DU group had a significantly lower
frequency of high inflammation scores than the other two
groups. These findings suggested that cagA may have some
impact on the severity of gastritis, but not on duodenal ulcer
development. Previous work has shown a negative correlation
between severe corpus gastritis and the presence of DU, most
likely due to changes in the pattern of gastric acid secretion[19,20].
Our findings were in line with this reported relationship.
Figura et al reported that most patients with NUD have
both cagA(+) and cagA(-) strains of H. pylori simultaneously,
and suggested that a particular pathological finding may be
determined by the dominant strain that colonizes a particular
gastric area[21]. This may explain the conflicting results of
different studies concerning the serum prevalence of cagA in
NUD patients. According to this concept, a patient with anticagA antibody in his or her serum may clinically show NUD
if the majority of the H. pylori organisms in the gastric mucosa
are cagA(-).
There is also another possible explanation for why some
patients with cagA(+) strains develop milder upper
gastrointestinal pathology than those who show more severe
pathology but have the same bacterial strain. The reason may
be variations in genetic make-up, as a number of different
cagPaI genes are required for the cagA protein to be able to
enter epithelial cells. Investigation has shown that inactivation
of some of these genes abolishes cagA delivery and
phosphorylation[14,22].
In conclusion, our findings reveal that the rates of cagA
serum prevalence are high and similar in H. pylori-positive
patients from two Turkish cities that are approximately half
thousand of kilometers apart. These rates indicate that cagA
serum prevalence in the Turkish population is close to the rates
reported in Asian countries. The fact that we observed similar
frequencies of cagA(+) H. pylori strains in all our dyspeptic
patients, regardless of ulcer status, suggests that factors other
than cagA may contribute to severe gastrointestinal pathology
in patients with H. pylori.
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Abstract
AIM: To explore the pathophysiologibasis for the fact that
patients with digestive tract symptoms do not necessarily
have gastric mucosal pathology and those without clinical
symptoms do not necessarily have no gastric mucosal
pathology.
METHODS: The ultrastructure, trace elements, cAMP, DNA,
SOD and LPO in the gastric mucosa and its epithelial cells of
188 patients without organic lesions of heart, lung, liver,
gallbladder, pancreas, kidney or intestine and basically
histopathological normal persons (F) were detected
synchronously by SEM, TEM, EDAX, Image analysis system
RIA and 3H-TdR Lymphocyte Transfer Test.
RESULTS: The content of Zn, Cu, cAMP and 3H-TdR LCT in
gastric mucosa and the content of Zn, Cu, DNA and LPO in
gastric mucosa epithelial nuclei of each group were shown
as belows: Normal control (4.1±1.0, 5.2±0.8, 15.9±1.5,
1079.7±227.4, 7.6±0.4, 58.4±0.3, 12.6±2.7, 2.6±0.6); CSG
without symptoms group (3.7±1.2, 5.1±1.8, 15.6±0.9,
924.5±234.9, 7.8±0.3, 58.6±0.4, 13.0±3.1, 2.9±0.4); CAG
without symptoms group (3.3±1.0, 4.8±0.9, 14.9±0.7,
887.7±243.6, 7.8±0.3, 58.7±0.3, 14.3±2.8, 3.1±0.4); F
type with symptoms group (3.5±1.4, 4.5±1.0, 15.7±1.4,
932.1±2449.3, 7.9±0.4, 58.7±0.5, 13.5±4.6, 2.9±0.7);
CSG with symptoms group (2.8±1.9, 4.0±1.5, 14.2±1.8,
867.3±240.5, 8.1±0.5, 58.9±0.5, 15.2±3.2, 4.2±0.7); CAG with
symptoms group (2.0±1.8, 3.4±1.5, 13.4±1.8, 800.9±221.8,
8.6±0.4, 59.3±0.5, 16.5±3.1, 4.5±0.6). The contents of
Zn, Cu in mitochonondria and SOD in gastric mucosa of
each group were shown as belows: Normal control group
(9.2±0.5, 58.3±0.3, 170.5±6.1), CSG without symptoms
group (8.9±0.5, 58.2±0.3, 167.2±5.3), CAG without
symptoms group (8.8±0.4, 57.5±0.2, 166.1±4.2); F type with
symptoms group (8.9±0.5, 58.0±0.3, 167.9±5.7), CSG with
symptoms group (8.6±0.5, 57.8±0.3, 163.3±5.6); CAG with
symptoms group (8.3±0.4, 57.5±0.3, 161.2±4.3). There were
significant differences in these cases, P<0.05-0.001. There
were synchronous changes of gastric mucosa epithelial
cellular ultrastructure. The “background lesions” (focal
atrophic gastritis, focal intestinal metaplasia, micro-ulcer) in
nonfocal gastric mucosa of all groups had significant
differences (P<0.05-0.001).
CONCLUSION: Disease with symptoms, disease without
symptoms, nondisease with symptoms occur on the basis

of the quantitative changes of gastric mucosa epithelial
cellular ultrastructure and related bioactive substances.
Yin GY, Zhang WN, He XF, Chen Y, Shen XJ. Study on the
classification of chronic gastritis at molecular biological level.
World J Gastroenterol 2003; 9(4): 836-842
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INTRODUCTION
After undergoing gastroscopy with mucosal biopsy, patients
with digestive traet symptoms and volunteer blood donors
without any clinical symptoms were found to be of two types:
those with gastric mucosa pathological changes, and others
without evident pathology. In order to explore the
pathophysiological basis, we detected synchronously the
epithelial cell ultrastracture, trace element, cAMP, DNA,
gastric mucosa SOD, serum LPO and 3H-TdRLCT by means
of histopathology, SEM, TEM with EDAX, image analysis
technique, RIA and chemiluminescence method. The results
were reported as follows.
MATERIALS AND METHODS
Materials
188 patients with digestive tract symptoms, had been ruled
out from organic lesions of heart, lung, liver, gallbladder,
pancreas, kidney or intestine by physical examination,
fluoroscopy of chest, GI x-ray examination, type
ultrasonography, blood biochemistry, gastroscopy with
histopathological examination. According to diagnostic criteria
of “the standards for the classification of chronic gastritis,
gastroscopy antrophic gastritis”, 68 cases were diagnosed as
CSG (43 males, 25 females, average age 43, average course of
disease 4a); 64 cases as CAG (37 males, 27 females, average
age 47, average course of disease 6a.); 56 cases as having
basically normal gastric mucosa (F group) (22 males, 34
females, average age 39, average course of disease 2a). Among
42 volunteer blood donors without any clinical symptoms,
through gastroscopy and histopathological biopsy, 18 cases
were diagnosed as CSG (13 males, 5 females, average age
39), 9 cases as CAG (7 males, 2 females, average age 41); 15
cases as having basically normal gastric mucosa (6 males, 9
females, average age 37) thus also referred to as normal control
group (NC group).
Methods
Daring gastroscopy, three pieces of gastric mucosa were taken
from the focal, nonfocal areas of antral region of stomach and
body of stomach for histopathological examination, SEM,
TEM, the determination of cAMP and SOD. Blood specimens
were taken to determine LPO and 3H-TdRLCT. For the study
of gastric mucosa ultrastructure and determination of its trace
elements, 501B SEM with 9100/60 EDAX were used ttaking
three pieces of specimens from each patient and determine the
weight percentage (WT%)[1-4] of each element between the
elements of gastric mucosa. Radioimmuno-assay was adopted
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to detect gastric mucosa cAMP content (pmol/g)[5], blood 3HTdRLCT (Bq/L)[5]. For the observation of gastric mucosa
epithelial cellular ultrastructure and the determination of
its trace elements, EM 430 TEM with 9100/60 EDAX[1-4]
were used. The three pieces of mucosa specimens of every
patient were magnified in unison by five magnifying powers
(3 600, 7 200, 14 000, 19 000, 29 000) to randomly take
pictures of the panoramagram, local area and organelle and
to determine the atomic number percentage (AT %) of each
nuclear and mitochondrial element between the trace
elements. 50 nuclei and 50 mitochondria of each patient
were determined, with average WT% of each element taken
as its actual WT%. For the determination of DNA in gastric
mucosa epithelial nuclei, IBAS 2000 image analysis
technique was used to determine IOD with gastric mucosa
cell smear after. Feulgen staining, taken as the relative content
of nuclear DNA[4]. Chemiluminescence method was adopted
to determine the activity of SOD (u/g) in gastric mucosa[5].
Thiobarbituric acid development process was adopted to
determine serum LPO (umol/L)[5].

Statistical method
χ2 and t test.
RESULTS
Histopathological changes of gastric mucosa
In NC group and F group, there were extremely small number
of mononuclear cells and lymphocytes in lamina propria of
gastric mucosa, there was no abnormality in gastric gland.
Therefore their gastric mucosa were defined as relatively
normal. In CG gastric mucosa, in there were various degrees
of infiltration of lymphocyte, plasmocyte, eosinophil and
neutropil in lamina propria, there were various degrees of
degeneration necrosis, erosion and atrophy in mucosa epithelial
cells. Glands decreased due to destruction and some glands
had cystic dilatation. As for the inflammatory cell infiltration
degree in gastric mucosa and the decrease degree of original
glands (<1/3 low-grade, >1/3 <2/3 middle-degree, >2/3 heavygrade). There was greater significant difference in CSG without
symptom (CSG-woS) group, CAG without symptom (CAGwoS) group, CSG with symptom (CSG-wS) group. CAG with
smptom (CAG-wS) group than in HC group and F group
(P<0.05-0.001). There was significant difference between the
first four groups (P<0.05-0.001, Table 1).
Ultrastructure of gastric mucosa
The relatively normal gastric mucosa had clear surface, which
was divided by crisscross small groves into many lesser
gastric areas, assuming convolution shape, in which there
were many gastric pits (the mouths of gastric glands). The
gastric pits were shaped like craters and their concaver walls
had round or oval epithelial cells of almost the same size
(Figure 1). When magnified, the surfaces of cells were found
to be rough and uneven, with short and thin microvilli as
well as many semiciroular cumuli, several micro processus
and small fossae. The fossae were marks left by cumuli after
rupture and excretion of mucus. The crater periphery
projections were shaped like dykes. The gastric antrum
mucosa were rough, apparently folded, the small craters were
mostly groves of different lengths with deep bottoms. In low
power observation, as far as gastric mucosa of chronic
gastritis was concerned, the crisscross groves of the focal
mucosa are shallow, the convolution structures were smooth
and even, craters were deformed and of different sizes at
different heights and ill-distributed; the dykes form
projections that are undulating, of different width (Figure 2).
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In high power observation, the focal gastric mucosa had
scattering denatured, diabrotic and necrotic exfoliated
epithelial cells, on it’s surfaces S-shape helicobacter pylori
were found (Figure 3). Massive epithelial cells were diabrotic,
anabrotic and exfoliated forming micro ulcers. The ulcers
spread from their centers, with adjacent cells crushed and
destructed, in irregular shapes and arrangement. The epithelial
cells of the crater walls were atrophic and denatured of
different sizes and derangement (Figure 5), and the cells
became diabrotic and necrotic and had inflammatory cell
infiltration (Figure 6). The glands propria of the serious cases
were shaped like grid framework structure (Figure 7). The
surfaces of the epithelial cells of IM gastric mucosa were
covered with a thick coating, villi were invisible, and the
intercellular boundaries were not clear (Figure 8). The
hollowed crateriform cells were round or polygon cavities,
with ejected mucus at mouths scattering like tiny white dots.
In nonfocal gastric mucosa, focal atrophic inflammatory
changes, IM cell population, micro ulcers and helicobacter
pylori (can be found also), they were generally referred to as
“background lesion”.
Comparing CSG-woS group, CAG-woS group, CSG-wS
group and CAG-wS group, there were significant differences
in background lesion of nonfocal gastric antrum mucosa
(P<0.05-0.001). The incidence rate of background lesion of
nonfocal gastric mucosa is especially high in CAG-wS group
(Table 2).

The ultrastructure of gastric mucosa epithelial cells
The mucous cells on epithelial cell surface of relatively normal
gastric mucosa were columanar epithelial cells covering
endogastric surfaces and inside wall of gastric pits. Their free
surfaces had short microvilli and muclei were relatively big,
at the bottoms of the cells. In cytoplasm were mucous granules
of various sizes, a great deal of RERs and scattered
mitochondria. The mucous neck cells were distributed over
the necks of gastric glands, round or crescent shape. In the
upper part of cytoplasmic nuclei, there were a great deal of
secretory granules, developed Golgi’s bodies, a few RERs and
scattered mitochondria. On the tops of cells were a few short
thick micro villi. Chief cells were distributed over the bodies
and bottoms of gastric glands and their nuclei were round. In
cytoplasms there are many parallel RERs, a great deal of
secretory granules, well-developed Golgi’s bodies and scattered
mitochondria (Figure 9). The parietal cells were big and conic
in shape and their conical tops turned towards gland cavities.
The nuclei were in the centers of the cells. The cytosols are
filled with vesicular smooth RERs (secreting hydrochloric
acid), intracellular canaliculi (conveying hydrochloric acid)
and many mitochondria. The endocrine cells lay between chief
cells and parietal cells. They were small and their nuclei are
round, at the bottoms of cellular matrixes. In cytoplasms, there
are great deal of spherical endocrine granules, RERs, and a
few mitochoncdria, Golgi’s bodies lie nearby nuclei (Figure
10). The normal gastric mucosa epithelial cell nuclei were
round or oval; the nuclei envelopes are slightly bending;
lobulated nuclei were few; the nucleocyotoplasmic ratio was
less than 1; the nuclei chromatins were scattered, associated
with nucleoli or distributed around the nuclei. The light bright
zones between heterochromatins in the nucleoli were
euchromatins; the nucleoli had high electron density without
capsules (Figure 11). The normal epithelial cell mitochondria
of gastric mucosa were round or oval, scattered around nuclei.
The mitochondria consist of outer membrane, inner membrane,
outer ventricle, inner ventricle and cristae. Crista, the inward
folded inner membrane, was a hollow canal leading to outer
ventricle. Some mitochondrial cristae lead directly to
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Deformed mitochondria were in C-shape or U-shape. There
were zigzag, longitudinal, sparse, pyknosis and deranged
cristae (Figure 16). There was an decrease in the number of
mitochondria and their cristae. In the above changes, there
Is significant difference between NC group. CSG-woS group.
CAG-woS group. F-wS group CSG-wS group and CAG-wS
group (P<0.05-0.001, Table 4).

cytoplasms. Cristas were generally in tabular arrangement,
parall to each other and vertical to mitochondrial long axes
(Figure 12). The free surfaces of epithelial cells of CG gastric
mucosa have dropped off micro villi. The intercellular space
expands and cell conjuctions decrease; mitochondria decrease,
become swollen or cristae breake and had vacuolar
degeneration (Figure 13). RERs dilate and were in circular
arrangement. The Golgi’s bodies became atrophic and had lost
their typical structures; the cytoplasmic secretory granules
d ecreased ; nu clei ex pand or shr in k; p arietal cell
intracytoplasmic canaliculi dilate and micro villi become short
and thin or even disappear. The karyoplasmic ratio of the cells
with undifferenciated nuclei and IM cells of CG gastric mucosa
epithelial cells were greater than 1 and there is increase in
nuclear lobulation (Figure 14), interchromatic granules, perichromatic granular density and euchromatins. The nucleoli
were hypertrophic and lie close to nuclear margins (referred
to as nucleolar margination). The obsolescent epithelial nuclei
shrink and the nucleocyto-plasmic ratio was still less. The
hetero chromatins lie densely around nuclei; the electron
density was low in the center of nuclei and nuclei were loop
in shape (referred to as chromatic margination) (Figure 15).
The shrinked nuclei were denticular, in which the electron
density was moderately homogeneous and chromatins were
not found (referred to as chromatic homogenization). As for
the above changes, there was significant difference between
NC group, CSG-woS group, CAG-woS group, F-wS group,
CSG-wS group and CAG-wS group (P<0.05-0.001, Table
3). There were mitochondrial swelling, hypertrophy,
pyknosis, hyaline degeneration as well as vacuolar
degeneration in epithelial cells of CG gastric mucosa.

Gastric mucosa trace elements, cAMP, SOD and blood 3HTdRLCT
Under the direct vision of SEM with EDAX probe that
automatically detected the samples within 0.1-0.01 mm2 range
all the elements under 12 in atomic number and automatically
calculates the weight percentage (WT%) of each element in
the element series. 15 points were fixed in the three pieces of
mucosa from every patient to carry out 15 detections and in
every detection, 21 elements were detected to get their
respective average WT% as its actual WT%. Zn and Cu were
taken as index. The gastric mucosa Zn, Cu, cAMP, SOD and
3
H-TdRLCT decrease progressively in the sequence of NC
group CSG-woS group, CAG-woS group, F-wS group. CSGwS group and CAG-wS group (P<0.05-0.001, Table 5).
Biochemical changes in gastric mucosa and blood serum
The quantity of nuclei DNA, Zn, Cu and serum LPO increased
progressively in the sequence of NC group, CSG-woS group,
CAG-woS group, F-wS group, CSG-wS group, CAG-wS
group. While mitochondrial Zn, Cu, decreased progressively
in the same sequence and there were significant differences
between these groups (P<0.05-0.001, Table 6).

Table 1 Degree of inflammatory cell infiltration compared with the degree of decrease of original glands in gastric
mucosa n(%)
Degree of inflammatory cell infiltration
Group

Degree decrease of glands propria

n
<1/3

>1/3<2/3

>2/3

<1/3

1/3<2/3

NC

15

CSG-woS

18

11(61.1)

6(33.3)

1(5.6)

1(5.6)

CAG-woS

9

5(55.6)

3(33.3)

1(11.1)

5(55.6)d

3(33.3)

F-TwS

56

CSG-wS

68

26(38.2)c

32(47.1)

10(14.7)

CAG-Ws

64

19(29.7)df

21(32.8)

24(37.5)df

23(35.9)d

23(35.9)

>2/3

18(28.1)

Compared with NC group. aP<0.05, bP<0.01; compared with CSG-woS group. cP<0.05, dP<0.01; compared with CAG-woS group.
P<0.05, fP<0.01, Compared with F-wS group, gP<0.05, hP<0.01, Compared with CSG-wS group, iP<0.05, jP<0.01, In table 2-6, the
marks are the same as here.
e

Table 2 Focal background lesions in non-focal site of gastric mucosa n (%)
CSG-woS (n=18)

CAG-woS (n=9)

CSG-wS (n=68)

CAG-Ws (n=64)

Focal lesions
Gastric antrum Gastric body Gastric antrum Gastric body Gastric antrum Gastric body Gastric antrum Gastric body
Atrophic

1 (5.6)

0 (0.0)

1 (11.1)a

0 (0.0)

21 (30.9)bd

11 (16.2)

47 (73.4)bdj

27 (42.2)j

IM

4 (22.2)

1 (5.6)

5 (55.6)b

2 (22.2)b

27 (39.7)bc

5 (7.4)d

59 (92.2)bdj

13 (20.3)b

Micro ulcer

1 (5.6)

1 (5.6)

3 (33.3)b

1 (11.1)a

11 (16.2)

2 (2.9)c

28 (43.8)bdj

9 (14.1)aj

inflammatory lesion
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Table 3 Ultrastructures of gastric mucosa epithelial cell nuclei n (%)
Appeararce
Group

Chromatin

Nucleoli

n
nucleoplasmic nuclear
ratio >1
lobulation

NC

15

CSG-woS

18

CAG-woS

9

1( 5.6)
2(22.2)d

2(22.2)

margination or perinuclear
homogeneity concentration

hypertrophy or
margination

looping

1 (6.7)

1 (6.7)

4 (22.2)b

1 (5.6)

1 (5.6)

1 (5.6)

7 (77.8)bd

3 (33.3)bd

2 (22.2)d

4 (44.4)d

3 (5.4)df

3 (5.4)f

1 (1.8)f

5 (7.4)f

2 (2.9)f

F-TwS

56

CSG-wS

68

5( 5.7)f

2(2.9)f

7 (10.3)cf

CAG-Ws

64

20(31.3)dj

9(29.7)j

33 (51.6)bdhj

29 (45.3)dfhj

2 (2.9)f

27 (42.2)dfhj

14 (21.9)dgi

Table 4 Mitochondria ultrastructures of gastric mucosa epithelial cells. (x±s)
Group

n

Number

Swelling &
overgrowth (%)

NC

15

86.5±27.3

3.4±1.6

3.0±1.1

2.9±1.9

1.1±0.8

12.8±3.2

2.2±1.1

CSG-woS

18

85.3±22.2

3.9±1.1

3.9±2.2

3.2±1.2

1.4±0.9

11.4±2.4

3.1±1.3

CAG-woS

9

83.8±17.3

4.4±2.4

4.3±2.9

3.3±1.1

1.7±0.8

11.4±2.1

3.2±1.2

F-TwS

56

83.1±22.8

5.4±2.9

4.4±2.4

2.9±1.8

1.2±0.7

11.2±2.3

3.9±1.2bc

CSG-wS

68

65.4±21.1bdfh

7.2±3.8bdfg

7.9±5.0bdfh

6.4±4.5bdfh

1.9±0.9bch

8.2±3.2bdfh

5.8±3.1bdfh

CAG-wS

64

52.2±20.8bdfhj

10.9±4.5bdfhj

11.7±8.6bdfhj

11.6±7.7bdfhj

3.7±1.1bdfhj

6.9±3.5bdfhji

8.9±3.7bdfhj

bd

Matrixdiscoloration (%)

Vacuolar
degencration (%)

Pyknosis
(%)

Crista
number

Crista fragmentation
& derangement (%)

Table 5 Gastric mucosa trace elements, cAMP and 3H-TdRLCT (x±s)
Gastric mucosa
Group

n
Zn
(WT%)

Cu
(WT%)

cAMP
(Pmol/g)

SOD
(u/g)

3

Blood
H-TdRLCT (Bq/L)

NC

15

4.1±1.0

5.2±0.8

15.9±1.5

170.5±6.1

1079.7±227.4

CSG-woS

18

3.7±1.2

5.1±1.8

15.6±0.9

167.2±5.3

924.5±234.9

CAG-woS

9

3.3±1.0

4.8±0.9

14.9±0.7a

166.1±4.2a

887.7±243.6

F-TwS

56

3.5±1.4

15.7±1.4

167.9±5.7

932.1±2449.3a

CSG-wS

68

2.8±1.9bcg

4.0±1.5aceg

14.2±1.8bdeh

163.3±5.6bdh

867.3±240.5bc

CAG-wS

64

2.0±1.8bdfhi

3.4±1.5bdfhj

13.4±1.8bdfhi

161.2±4.3bdfhi

800.9±221.8bdi

4.5±1.0

a

a

e

Table 6 Epithelial nuclei and mitochondria Zn, Cu in gastric mucosa (x±s)
Nuclei
Group

Mitochondria

Serum

n
Zn (AT%)

Cu(AT%)

DNA(IOD)

Zn (AT%)

Cu(AT%)

LPO(umol/L)

NC

15

7.6±0.4

58.4±0.3

12.6±2.7

9.2±0.5

58.3±0.3

2.6±0.6

CSG-woS

18

7.8±0.3

58.6±0.4

13.0±3.1

8.9±0.5

58.2±0.3

2.9±0.4

CAG-woS

9

7.8±0.3a

58.7±0.3a

14.3±2.8

8.8±0.4a

57.5±0.2bd

3.1±0.4

F-TwS

56

7.9±0.4a

58.7±0.5a

13.5±4.6

8.9±0.5a

58.0±0.3af

2.9±0.7

CSG-wS

68

8.1±0.5bdfh

58.9±0.5bdh

15.2±3.2bcg

8.6±0.5bh

57.8±0.3bdfh

4.2±0.7bdfh

CAG-Ws

64

8.6±0.4bdfhj

59.3±0.5bdfhj

16.5±3.1bdehi

8.3±0.4bdfhj

57.5±0.3bdhj

4.5±0.6bdfhi

840

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
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1

2

3

4

5

6

7

8

Mouth of gastric glands, like craters, The concaver walls have round or oval epithelial cells, of almost same size. ×160.
Craters are deformed, the crater periphery projections are of different heights and width. ×320.
On cell surfaces, S-shape Helicobacter pylori are found. ×2 500.
Micro ulcers. ×320.
Epithelial cells of crater concave walls are atrophic, denatured, of different sizes and deranged. ×640.
Inflammatory cell infiltration . ×2 500.
Glands propria of grid framework structure. ×320.
Surface of IM gastric mucosa epithelial is thickly coated, villi are invisible, intercellular boundaries are not clear. ×320.
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9

10

11

12

13

14

15

16

Figure 9 Normal epithelial nuclei are round, there are RERS, secretory granules, Golgi’s bodies and mitochondrias in cytoplasms. ×7 200.
Figure 10 The normal epithelial secretory cells are relatively small, nuclei are round, a great deal of spherical incretory granules
in cytoplasms. ×14 000.
Figure 11 Normal gastric mucosa epithelial nuclei are round. or oval, nucleocyotoplasmic ratio <1; the nucleoli have no capsules. ×14 000.
Figure 12 Normal cristas are hollow canals leading to outer ventricles. cristas are vertical to mitochondrial long axles. ×14 000.
Figure 13 Intercellular space expands, decrease of cellular conjuctions; mitochondria decrease, swollen or cristae break, have
vacuolar degeneration. ×29 000.
Figure 14 Nucleocytoplasmic ratio >1, lobulated nuclei. ×7 200.
Figure 15 Heterochromatins lie densely around nuclei, the electron density is low in the centers of nuclei. the nuclei are loop in
shape (referred to as chromatic homogenization). ×14 000.
Figure 16 Longitudinal cristas, sparse cristae, deranged cristae. ×14 000.
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DISCUSSION
Compared with NC group, 188 patients with digestive tract
symptoms without other orangic disease and 27 patients
without any clinical symptoms have a tendency of decreasing
of quality in the submicrostructure of gastric mucosa epithelial
cells -mitochonclria. The incidence rate of karyoplasmic ratio >
1, mucleari lobulation, chromatin peripheral granule
densification, hypertrophy of nucleoli, mitochondrial
degeneration, and quantitive changes of nucleolar DNA, Zn,
Cu and LPO incread progressively in the sequence of NC group.
CSG-woS group, CAG-woS group, F-wS group, CSG-wS group
and CAG- wS group. While gastric mucosa Zn, Cu, cAMP, SOD
and mitochondrial Zn, Cu and the number of mitochondria and
crista decread progressively in the same sequence.
When gastric mucosa is damaged by noxious substances
or ischemia, the metabolism of Zn, Cu becomes disordered
with the body and thus enzyme system is disturbed. In human
body, Zn is the important component and activator of over a
hundred varieties of enzymes such as carbonic anhydrase, DNA
polymerase, peptase, phosphatase, peroxide dismutase etc. By
regulating the activity of these enzymes, it participates and
regulates the metabolism of sugars, lipids, proteins, nuclei acid
and vitamins, contends for mercaptan to inhibit free radical
reaction. Cu participates the composition of over 30 kinds of
proteins and enzymes in the body, regulates the protein
metabolism and influences cellular respiration and division.
When the level of Zn and Cu in the body declines, the synthesis
and activity of SOD will be inhibited. Because of NADPH
oxidation reduction circulation and the catalytic function of
xanthine oxidase, a great deal of oxygen free radicals will be
produced, far beyond the clearing ability of SOD. The excessive
accumulated oxygen free radicals react in peroxidation with
unsaturated fatty acid of inner and outer mitochondrial
membranes and produce LPO, therefore serum LPO level will
rise. The inner and outer mitochondrial membranes will
accordingly be damaged, resulting in the decrease and
derangement of mitochondrial cristae, the change of the ratio
of mitochondrial ventricle diameter to cavity diameter and
eventfully the retrograde affection, the decrease of ATP
production, inadequate energy supply, which in turn cause
debility, structural atrophy, decrease of gastric acid secretion
and even cytonecrosis. The participation of Zn and Cu
dependence enzymes is essential in nuclear protein synthetic
metabolism (including DNA duplication) and mitochondrial
energy metabolism. When nuclear took in more Zn and Cu,
the protein synthsis was brisk, nuclei division and hyperplasia
were accelerated, which increased the chance of gene mutation.
As the second messenger substance, cAMP regulate some vital
activities in the body. Once the quantity of cyclic nucleoside
phosphate in nuclei changes abnormally, pathological state will
occur. The quantitive changes of cAMP result in the changes
of cellular metabolism, immunity and vegetative functions.
The decrease of cyclic nucleoside phosphate, especially cAMP
in the body results in the inhibition of sympathetic nerve
(including purinergic nerve) function, and relative
hyperfunction of parasympathetic nerve function. As a result,
digestive tract symptoms occur such as abdominal distention,
loose stool, involuntary drooling, poor appetite, pale enlarged
tongue with tooth marks. Through influencing lymphocyte
metabolism, the quantitive changes of Zn and cAMP in turn
influence cell respiration, differentiation and inhibit
lymphocyte transformation [4,6-13] and cause decline of 3HTdRLCT level. As a result: (1) When gastric mucosa Zn, Cu
and blood 3H-TdRLCT are nearly equal to that of NC group
and gastric mucosa cAMP was markedly lower than that of
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HC group, clinical phenomena as CSG-woS and CAG-woS
will occur; (2) When gastric mucosa Zn, Cu and 3H-TdRLCT
were markedly lower than that of NC group and gastric mucosa
cAMP is nearly equal to that of NC group, the phenomenon of
F type with symptoms (non -disease with symptoms) will occur;
(3) When the levels of gastric mucosa Zn, Cu, cAMP and 3HTdRLCT were all markedly lower than those of NC group, the
clinical phenomena such as CSG-wS and CAG-wS will occur.
The occurrences of these clinical phenomena were consistent
with the change of gastric mucosa ultrastructure and
histopathology, forming the pathophysiological basis in the
classification of chronic gastritis. Thus it can be seen that
changes of gastric mucosa epithelial cell ultrastructures and
the quantitive changes of their bioactive substances are the
pathophysiological bases that determines the classification of
chronic gastritis with different classification has respective
clinical symptoms.
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Abstract
AIM: To investigate the safety, rationality and the practicality
of enteral nutritional (EN) support in the postoperative
patients with damaged liver function and the protective effect
of EN on the gut barrier.
METHODS: 135 patients with liver function of Child B or C
grade were randomly allocated to enteral nutrition group
(EN, 65 cases), total parenteral nutrition group (TPN, 40
cases) and control group (CON, 30 cases). Nutritional
parameters, hepatic and kidney function indexes were
measured at the day before operation, 5th and 10th day
after the operation respectively. Comparison was made to
evaluate the efficacy of different nutritional support. Urinary
concentrations of lactulose(L) and mannitol(M) were
measured by pulsed electrochemical detection(HPLC-PED)
and the L/M ratio calculated to evaluate their effectiveness
on protection of gut barrier.
RESULTS: No significant damages in hepatic and kidney
function were observed in both EN and TPN groups between
pre- and postoperatively. EN group was the earliest one
reaching the positive nitrogen balance after operation and
with the lowest loss of body weight and there was no change
in L/M ratio after the operation (0.026±0.004) at the day 1
before operation, 0.030±0.004 at the day 5 postoperative
and 0.027±0.005 at the day 10 postoperative), but the
change in TPN group was significant at the day 5
postoperative (0.027±0.003 vs 0.038±0.009,P<0.01).

nutritional support can improve the postoperative outcome[1].
Parenteral nutrition (PN) has been used clinically[2], but its
limitations of the incomplete nutritional constituent[3], catheterrelated or endogenous complication[4], metabolic complications
and liver dysfunction restrict its use in hepatic damaged
patients[5]. In the mid 1980s, along with the recognition of the
relevance of the gut barrier and endogenous infection [6,7],
enteral nutrition (EN) has been widely used[8], but how does it
effect on poor liver function remaining unclarified.
It is the aim of this study: (1) To investigate the safety,
rationality and feasibility in performing EN in postoperative
patients with poor liver function. (2) To study the influence of
EN on gut barrier.

MATERIALS AND METHODS
Patients and groups
According to the later Enrolled criterion, 135 patients were
enrolled and randomly divided into 3 groups: EN (n=65), TPN
(n=40) and CON (n=30) (Table 1).
Enrolled criterion is: (1) Hospitalized adult patients from
July 1998 to October 2001 with chronic liver damage requiring
operative treatment; (2) The hepatic function was graded as
Child B or C; (3) A patience of at least 7 days’ nutritional
support after the operation; (4) Except the primary disease, no
other factors affecting the metabolism (5) With the agreement
of the patients to join the program.
Table 1 Grouping of patients
CON (n=30)
Cases

PVH
HCC
CLA
ROBD
CLT
Others

13
4
1
7
3
2

TPN(n=40)

Grade
B

C

10
2
3
1
1

3
2
1
4
2
1

Cases

14
11
3
7
3
2

EN(n=65)

Grade
B

C

8
7
1
3
2
-

6
4
2
4
1
2

Cases

21
10
8
15
10
1

Grade
B

C

10
5
5
3
-

11
5
8
10
7
1

CONCLUSION: EN is a rational and effective method in
patients with hepatic dysfunction after operation and has
significant protection effect on the gut barrier.

PVH: Portal venous hypertension; HCC: hepatocellular
carcinomar; CLA: Cholangiocarcinoma; ROBD: Reoperation of
bile duct; CLT: cholelithiasis.

Hu QG, Zheng QC. The influence of Enteral Nutrition in
postoperative patients with poor liver function. World J
Gastroenterol 2003; 9(4): 843-846
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Reagents used
(1) 20 % and 30 % Intralipid (Beijing, Fresenius); (2) 8.5 %
Novamin (Sino-swed Pharmaceutical Corp. LTD); (3) Nutrison
Fibre (Nutrisia); (4) manitol (Sigma); (5) lactulose (Sigma).

INTRODUCTION
Liver is the central organ for production and utilization of
nutrients and plays a key role in metabolism. In chronic liver
disease severe protein-calorie malnutrition can seriously
damaging the capacity of liver regeneration, however

Procedures
Deferent Nutrition supports were used: In TPN group, 30
cal·kg-1·d-1 energy and 0.16 g·kg-1·d-1 nitrogen were given. 1/
4-1/3 nonprotein calories were provided by fat and
carbohydrate. The ratio of N: nonprotein calorie=1:168. The
source of nitrogen was Novamin (8.5 %) and the source of fat
was from Intralipid (20 % or 30 %). Essential trace elements
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and vitamins were given and the solution was given via
peripheral infusion from the day 1 after the operation and lasted
at least 7 days. In EN group, Nutrison Fibre was given. After 2
days of TPN, EN begun on the day 3 after the operation via
the jejunostomy tube placed during the operation. On the first
day, 500 ml Nutrison Fibre was given, which was increased
progressively each day till 1 500 ml/d while TPN was deceased
progressively till totally substituted. This was used given at
least for 7 days. The temperature of Nutrison Fibre were kept
at 25-30
and infused in 12-24 h. The rate was adjusted
according to the need. In CON group, nutritional support was
not performed or performed not regularly.
The sample preparation including: (1) urine sample: The
patient drank the test solution, containing 2 g lactulose, 1 g
mannitol in fasted condition or injected on 1 day before
operation, 5th and 10th day after the operation respectively.
Urine was collected for a total of 6 h and being added 0.1 ml
of 10 g/L thimerosal as preservative. The total volume was
recorded and 20 ml sample was stored at -20 until analysis
by the HPLC-PED; (2) blood sample: Venous blood samples
were achieved during fasting on 1 day before operation, 5th
and 10th day after operation respectively for analysis.
Such Monitoring markers were measured: (1) Nutritional
status marker: Transferrin (TRF), Prealbumin (PAB), Total protein
(TP), Albumin (ALB), the alteration of weight (w) and
circumference of upper arm (COUA) postoperatively, and
accumulative nitrogen balances in the first 7 days after operation
(ANE); (2) Liver and kidney function, electrolytes: Total bilirubin
(TB), Direct bilirubin (DB), Albumin (ALB), Total protein (TP),
Alanine aminotransferase (ALT), Aspartate aminotransferase
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(AST), Creatinine (Cr), Blood urea nitrogen(BUN), Potassium
(k+), Sodium (Na+), Calcium (Ca2+); (3) Gut barrier marker:
Urinary ratio of lactulose and Mannitol (L/M)[9,10].

Statistical analysis
The data was expressed as mean ± standard error. Experimental
results were analyzed by analysis of variance and t tests for multiple
comparisons. P<0.05 was considered statistically significant.
RESULTS
All 135 patients, except one cirrhotic patient (CON) with portal
hypertension died due to MSOF at the 26th day after operation,
all completed the treatment and were discharged. In EN group,
there were 32 patients complained for abdominal distention
and diarrhea but disappeared by adjusting the temperature and
infusion rate, given domperidone or antidiarrheal agent.
Nutritional status marker (Table 2)
In all three groups, on the 5th day postoperatively, the level of
TRF, TP, and ALB declined significantly (P<0.05), but in EN
and TPN groups, they recovered on the 10th day. Comparing
with TPN, the level of TP in EN group on the 10th day was
higher with significant difference (P<0.05). In CON group,
on the 10th day PO, the level of TRF, PAB, TP and ALB
were all significantly lower than these in EN and TPN groups
(P<0.05). The W and COUA loss in CON group were significantly
more than those in EN and TPN groups (P<0.05), and in EN
group were lower than that in TPN group. Among these, EN group
reached positive nitrogen balance the earliest (P<0.05).

Table 2 Changes of nutritional status
Parameters
TRF(g/L)
PAB(mg/L)
TP(g/L)
ALB(g/L)
ANE
W(kg)
COUA

Control(n=30)
1st BO*

TPN(n=40)

5th PO**

10th PO

1.1±0.6
0.9±0.3
0.8±0.6
657±232
591±220
595±213
63.6±12.9
46.3±9.7
48.1±9.7
30.8±4.9
29.2±5.9
29.1±4.8
32.4±10.8 mg·kg-1·7 d-1
-3.3±1.7
23.5±1.2
22.2±1.3

1st BO

5th PO

EN(n=65)
10th PO

1.2±0.4
1.0±0.6
1.2±0.3
690±214
669±228
667±239
66.6±12.2
48.3±10.1
50.4±9.6
31.4±4.9
30.8±7.1
31.8±5.0
105.3±9.4 mg·kg-1·7 d-1
-2.4±1.1
23.6±1.1
23.2±1.3

1st BO

5th PO

10th PO

1.3±0.6
681±228
70.1±7.9
36.5±6.1

1.2±0.5
1.2±0.6
719±177
690±221
55.7±7.8
63.5±8.9
30.7±4.0
32.9±3.9
185.3±8.4 mg·kg-1·7 d-1
-2.1±0.9
24.4±2.6
23.7±2.2

BO: Before operation; PO: After operation;ANE: accumulated nitrogen banlance; W: weight change; COUA: circumference of
upper arm.
Table 3 Changes of liver and kidney function, electrolytes
Parameters

Control(n=20)
1st BO

TPN(n=26)

EN(n=30)

5th PO

10th PO

1st BO

5th PO

10th PO

1st BO

5th PO

10th PO

TB (µmol/L)* 92.3±37.8

71.7±34.5

41.8±35.8

86.3±46.8

68.7±33.8

45.7±33.2

119.8±73.0

96.3±54.4

64.3±47.3

DB(µmol/L)*

53.3±28.6

39.2±23.3

16.5±11.7

50.4±33.7

38.4±22.6

17.7±12.3

60.8±50.2

42.8±32.7

31.9±29.2

TP(g/L)*

63.6±12.9

46.3±9.7

48.1±9.7

66.6±12.2

48.3±10.1

50.4±9.6

70.1±7.9

55.7±7.8

63.5±8.9

ALB(g/L)

30.8±4.9

29.2±5.9

29.1±4.8

31.4±4.9

30.8±7.1

31.8±5.0

36.5±6.1

30.7±4.0

32.9±3.9

AST(U/L)#

71.7±28.9

91.3±33.5

78.7±28.1

73.4±30.6

89.9±35.7

67.7±39.1

94.8±47.8

104.4±80.7

69.6±23.8

ALT(U/L)#

54.7±31.1

101.4±44.9

85.3±33.7

58.7±32.3

99.3±56.2

78.7±35.5

109.1±82.7

148.4±180

67.1±50.1

Cr(µmol/L)

72.9±28.8

82.1±23.3

69.5±37.9

73.9±35.3

80.1±22.9

67.5±33.7

77.4±16.5

80.6±24.7

77.1±19.6

BUN(mmol/L) 6.9±3.3

8.4±3.5

5.9±3.4

7.1±4.1

8.2±3.7

5.6±3.2

5.5±1.8

6.9±4.9

6.0±3.2

K(mmol/L)

3.9±0.5

5.3±1.1

3.8±0.7

3.8±0.6

4.4±0.9

4.3±1.1

4.1±0.5

4.3±0.8

4.4±0.2

Na(mmol/L)

136.5±14.7

139.3±18.3

145.8±15.4

132.7±15.9

140.3±13.7

138.8±7.3

138.3±7.1

135.3±5.7

137.0±7.4

Ca(mmol/L)

2.35±0.39

1.99±0.18

2.17±0.31

2.32±0.43

2.67±0.27

2.27±0.34

2.21±0.22

2.07±0.14

2.24±0.17

*among all 3 groups, between day 1 preopratively and day 10 postoperatively, P<0.01; # at day 10 postoperatively, the levels were
lower in EN and TPN group than in CON group, P<0.05.
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Liver and kidney function, electrolytes (Table 3)
After operation, the levels of TB, DB declined significantly in
all three groups (P<0.01). Same increase could be found in
patients with hepatic lobectomy, radical operation of
Cholangiocarcinoma, severe portal hypertension and
emergency operation, but with no statistical significance. On
the 10th PO, the levels of AST and ALT were lower in EN and
TPN group than those in CON group (P<0.05), but no
difference was seen between EN and TPN group. The levels
of Cr and BUN increased in EN and TPN group on the 5th
day, but recovered on the 10th day. No electrolyte imbalance
occurred in EN and TPN group.
Gut barrier marker (Table 4)
In EN group, the L/M ratio did not chang after operation. In
TPN and CON groups, they increased on the 5th day (P<0.01)
and declined at 10th day. In both TPN and CON groups, the
difference of L/M ratio between preoperation and postoperation
was significant.
Table 4 Changes of L/M ratio
1st BO

5th PO

10th PO

CON(n=30)

0.028±0.004

0.037±0.017

0.031±0.010

TPN(n=40)

0.027±0.003

0.038±0.009

0.030±0.006

EN(n=65)

0.026±0.004

0.030±0.004

0.027±0.005

DISCUSSION
Present status of clinical nutritional support in patients with
poor hepatic function
The liver plays a central role in nutritional homeostasis and any
liver disease can lead to abnormal nutrient metabolism with the
subsequent malnutrition. Severe protein-calorie malnutrition in
patients with advanced liver disease can seriously undermine
the capacity for liver regeneration and functional restoration.
Appropriate nutritional support is helpful to these patients.
PN and EN are two major nutritional supports clinically.
What has been proved is that long-term TPN may aggravate
the liver damage[11]. In recent years, there have been some
advance in studies on various formulas including the branched
chain amino acid (BCAA)[13] and MCT/LCT[14] in patients with
poor hepatic function[12], but there are still some problems: (1)
How does lipid affect the nutrient metabolism; (2) What is the
rational and safe dose and the suitable percentage of lipid
supplied as the energy source[15,16]; (3) The expensive cost.
These problems impede the extensive use of PN which on longterm use may cause atrophy of intestinal mucosa and lead to
the gut barrier dysfunction[17]. The consequent enteric bacterial
translocation would also cause endogenous infection even
multiple organ failure (MOF) and death. EN is a more
physiological, cheaper and has protection function on gut
barrier. But when using EN[18,19], the later three facts are
inevitable: (1)The gastrointestinal tract should be intact; (2)
Patient should be able to tolerate the indwelling nasogastric
tube;(3) In case of hypertonic, patient may have abdominal
distention, diarrhea, and sometimes nausea and vomiting and
enhancement of the liver burden. There had been reported on
using EN in patients with alcoholic cirrhosis and obstructive
jaundice[20,21], but in patients with worse liver function or sustain
the hepatic lobectomy, radical operation of cholangiocarcinoma,
severe portal hypertension with upper gastrointestinal
hemorrhage, the selection of nutritional support is troublesome.
Evaluation of EN and its influence on liver function
En has been proven to be an efficient nutritional support[22,23],
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which is prefer to TPN. In this study, in both EN and PN groups,
the patients’ nutritional status was much better than CON
group. Compare with PN groups, in weight loss and
circumference of upper arm, EN group were much less and
the positive nitrogen balance was reached much earlier.
Liver is the key organ in maintaining the carbohydrate, lipid
and protein metabolism and the stabilization of internal
environment. Also it is the site of biochemical pathways
responsible for production and utilization of nutrients and other
chemicals. It plays a central role in carbohydrate, lipid and
nitrogen metabolism. Therefore it is not surprising that chronic
liver disease has great metabolic impact. On the base of this,
the impact and irritated responsiveness of the operation may
aggravate the burden of liver and ultimately affect the outcome
of the patients[24-26]. On the other hand, we can suspect that if
the nutrients were absorbed via liver, the liver could utilize
the nutriment as the substrate to repair and rebuilt hepatic cell
so as to promote its recover[27]. Whether it is beneficial or
harmful, our study have performed some useful study in finding
this method for support sufficient nutriment at the same time
to avoid further liver damage in such patients.
In 42/65 patients of Child C grade EN group, after EN, had
their levels of ALT, AST, TB and DB declined, and their Cr
and BUN did not increased. There were no signs of aggravating
damage of liver and kidney. The successful use of Nutrison
Fibre indicates that whether the BCAA is absolutely necessary
in EN needs further study.

EN can protect the gut barrier
In patients with poor liver function, infection is a familiar
complication and threat[28]. Except for the depression of cellular
immunity[29], the bacteria translocation is the most probable
reason of infection after the operation [30]. Because of the
translocation of the germ and endotoxin, the consequent
systemic inflammatory reaction and sepsis and the dysfunction
of renal, lung and cardiac system would even threaten the
patient’s life. The gut barrier plays a the major role in preventing
bacteria translocation and block the subsequent malign
reaction, which is the “trigger” of MSOF[31,32]. Keeping the
integrity of gut barrier is important to decrease the morbidity
and mortality after operation.
In our study, the L/M probe was selected to monitor the
status of gut barrier. The result showed: the L/M ratio of
EN group was 0.026±0.004 in day 1 before the operation,
0.030±0.004 in day 5 postoperatively and 0.027±0.005 in day
10 postoperatively, the change was not significant, but it was
markedly elevated in TPN and CON group after operation as
follow. It indicated: EN could protect the gut barrier
remarkably, the rational mechanisms were (1) The stimulation
on the bowl wall may increase the blood perfusion[33,34]; (2)
The stimulation on the bowl wall may accelerate the secretion
of pancreas and biliary duct to prevent shrinking of gut mucosa;
(3) EN supplies the substrate of intestinal mucosal cell
metabolism directly; (4) The fiber[35-38] ingredient of Nutrison
may also protect the gut barrier.
Clinical observation
In our study, we found through the upper jejunostomy tube
placed during the operation, good nutrition support and good
tolerance and good controllability are approached. The tube
can be hold for at least 4 weeks. With good nursery, it can be
kept fairly long, the longest one in our study is 94 days and no
complications occurred.
In our study, the rate of ascites was 83.6 %, 93.3 % and
90.0 % in EN group, PN group and CON group, respectively,
till discharge, the subsidence of them were 86.6 %, 61.3 %
and 75 %. In EN group the ascites subsided earliest and liver
function recovered faster.
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The lowest rate of fever and the shortest fever time indicated
that the risk of infection is low in EN. It is owed to the protection
of the gut barrier.
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Abstract
AIM: To determine the least invasive surgical procedure by
comparing the levels of operative stress hormones, responsereactive protein (CRP) and rest energy expenditure (REE)
after laparoscopic (LC) and open cholecystectomy (OC).
METHODS: Twenty-six consecutive patients with
noncomplicated gallstones were randomized for LC (14) and
OC (12). Plasma concentrations of somatotropin, insulin, cortisol
and CRP were measured. The levels of REE were determined.
RESULTS: In the third postoperative day, the insulin levels
were lower compared to that before operation (P<0.05).
In the first postoperative day, the levels of somatotropin
and cortisol were higher in OC than those in LC. After
operation the parameters of somatotropin, CRP and cortisol
increased, compared to those in the preoperative period
in the all patients (P<0.05). In the all-postoperative days,
the CRP level was higher in OC than that in LC (7.46±0.02;
7.38±0.01, P<0.05). After operation the REE level all increased
in OC and LC (P<0.05). In the all-postoperative days, the
REE level was higher in OC than that in LC (1438.5±418.5;
1222.3±180.8, P<0.05).
CONCLUSION: LC results in less prominent stress response
and smaller metabolic interference compared to open
surgery. These advantages are beneficial to the restoration
of stress hormones, the nitrogen balance, and the energy
metabolism. However, LC can also induce acidemia and
pulmonary hypoperfusion because of the penumoperitonium
it uses during surgery.
Luo K, Li JS, Li LT, Wang KH, Shun JM. Operative stress response
and energy metabolism after laparoscopic cholecystectomy
compared to open surgery. World J Gastroenterol 2003; 9(4):
847-850
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INTRODUCTION
The superiority of laparoscopic cholecystectomy (LC) has
justified its universal usage in recent years. It induces less

surgical response compared to open cholecystectomy (OC). A
great many literatures had proved such an advantage[1-4].
However, there were few studies concerning the difference
between LC and OC in operative stress response and energy
metabolism. In this prospective, randomized study, we
compared the effects of LC and OC on body oxygen supply,
metabolic hormones and response-reactive protein (CRP)
levels, body energy metabolism, and acid-base balance.

MATERIALS AND METHODS
Clinical data
Twenty-six patients with uncomplicated gallstones were
recruited for the study from April 2001 to Oct. 2001. They
were randomized to undergo LC (n=14) or OC (n=12). The
two groups of patients had comparable demographic data
(Table 1). All enrolled patients were asymptotic for at least 6
weeks prior to admission without any history of abdominal
surgery. Ultrasonography was routinely performed to exclude
the common bile duct stone. The patients with jaundice, severe
infection, or metabolic abnormities were also excluded in this
study. Anesthesia was induced and maintained using a standard
intravenous protocol in both groups. LC was undertaken by a
standard 4-trochar approach with electrocautery dissection;
pneumoperitoneum was established with carbon dioxide (CO2)
insufflation, and OC was performed via a sub-costal incision.
Table 1 Comparison of general conditions between the two
groups
Group Number

M/F

Median
age (yrs)

Height
(cm)

BW (Kg)

OC

12

3/9

45.5±12.6

161.3±7.1

61.0±3.6

LC

14

6/8

46.6±15.8

163.9±6.1

65.8±9.4

Blood samples and evaluation method
Fast venous blood was taken at 6 AM on the day prior to
surgery, and days 1 and 3 postoperatively. Samples should be
analyzed within 2 hours after stored in vitro. All hormones
wer e q u an titat iv ely assa y ed . I n C RP assay , r ate
immunonephetometry with specific protein analyzer (BN 100
Analyzer) was adopted. Growth hormones (GH) levels were
determined by double-antibody RIA with reagents from Jiuding
Bio-medical Co. Ltd, Tianjing. Serum cortisol and insulin
analysis were both carried out by competitive RIA, using
reagents from 3V Diagnostic Technique Co. Ltd. and Chinese
Institute of Atomic Energy, respectively.
Energy metabolism was assessed by indirect calorimeter on
the day prior to operation, and days 1 and 3 postoperatively.
During analysis, patients should be reposed, with ambient
and humidity 50-60 %. Oxygen
temperature 18-26
consumption (VO2) and CO2 production (VCO2) per unit time
were determined at first. Then, based on the indirect
calorimetery theory, REE and RQ were figured out according
to the value of VO2 and VCO2. All energy consumption
measurements were carried out using Medical Graphics Critical
Care Monitor Desktop Analysis System (Medical Graphics Co.,
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Minneapolis, MN). Artery and acid-base balance were assayed
by automatic gas analyzer.

Statistical analysis
Data were given as means and standard error of the mean. The
intergroup comparison was made using the Student’s t test.
All the statistical procedures were accomplished with SPSS 8.0.
A two-tailed P<0.05 was taken as significant.
RESULTS
Median surgical duration was not different between the LC
(50.9±8.9 min) and OC (58.5±6.3 min) group (P>0.05), while
the length of hospital stay and the time to first passage of
flatus were significantly shorter in LC than those in OC group
(Table 2).

a

OC (n=12)

LC (n=14)

2.8±0.4
6.7±0.2

1.5±0.3a
3.2±0.3 a

P<0.05 vs OC.

Insulin levels rose significantly on the 3rd postoperative
day above baseline measurements in OC group, with no
intergroup difference throughout the postoperative period. GH
levels elevated in both groups at all phases postoperatively.
However, there was a more prominent response in patients
undergoing OC. A significant intergroup difference was
detected on day 1 following operation with higher values for
OC than that for LC. Cortisol levels increased from baseline
on both of the postoperative days in the two groups, but more
remarkably in OC group. Intergroup comparison indicated
that concentrations were significantly higher in patients
undergoing OC on day 1, postoperatively. But on the 3rd
postoperative day, cortisol concentrations were comparable
in the two groups (Table 3).
Table 3 GH, Insulin, and cortisol levels before and after surgery

Insulin
LC (n=14)
OC (n=12)
GH
LC
OC
Cortisol
LC
OC
a
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levels in both groups. However, in patients undergoing OC,
the increase was more remarkable. CRP levels were
significantly higher in OC than those in LC group on both of
the postoperative days (Table 4).
Table 4 REE, RQ, and CRP levels before and after surgery
Prior to
surgery

1st postoperative
day

3rd postoperative
day

LC (n=14)

1162.2±159.6

1222.3±180.8ab

1152.8±150.2a

OC (n=12)

1273.2±304.8

1438.5±418.5

1330.5±353.8

REE
b

RQ
LC

0.87±0.10

0.78±0.06b

0.85±0.09

OC

0.88±0.12

0.78±0.04b

0.84±0.08

LC

8.00±0.01

15.10±2.47ab

34.44±7.88ab

OC

12.37±3.55

64.50±15.20b

94.25±13.43b

CRP

Table 2 Postoperative intestinal transit recovery

Time to first passage of flatus (days)
Postoperative length of stay (days)

World J Gastroenterol

Prior to
surgery

1st postoperative
day

3rd postoperative
day

14.4±2.1
17.9±2.1

16.1±2.8
17.2±3.4

14.6±2.5
12.3±0.9b

1.0±0.2
1.8±0.4

2.7±1.0ab
5.4±2.5b

1.5±0.5b
2.2±0.9

0.46±0.01
0.71±0.15

0.56±0.11ab
1.12±0.25 b

0.74±0.05b
0.89±0.02b

a

P<0.05, vs OC bP<0.05, vs the preoperative period.

Artery oxygen pressure did not change remarkably after
surgery in OC group, while it declined significantly on the
1st postoperative day in the LC group and returned to
preoperative levels on the 3rd day. Oxygen saturation (SO2)
in blood fell significantly on the 1st postoperative day in both
groups. On the 3rd day, it was much higher in LC than that
in OC group. There was no significant change of PCO2 in
both groups after surgery. (Table 5) On the 3rd postoperative
day, HCO3- level and BE rose significantly in LC group,
and BE was significantly higher in LC than that in OC group.
PH was significantly lower in LC than that in OC group on
the 1st postoperative day (Table 6).
Table 5 Artery PO2, PCO2 and SO2 before and after surgery
Prior to
surgery
PO2
LC (n=14)
OC (n=12)
PCO2
LC
OC
SO2
LC
OC
a

1st postoperative
day

3rd postoperative
day

87.7±4.0
80.2±2.2

75.9±3.2b
86.5±9.2

80.94±4.3
79.81±0.6

36.79±1.19
35.01±1.76

37.09±1.64
31.83±2.63

34.48±1.75
37.96±1.88

96.4±0.40
95.4±0.40

94.6±0.86b
92.73±1.70b

95.4±0.40a
94.0±0.67

P<0.05, vs OC bP<0.05, vs the preoperative period.

Table 6 REE, RQ, and CRP levels before and after surgery

P<0.05, vs OC bP<0.05, vs the preoperative period.

In OC groups, REE levels raised 165.3Kcal from baseline
on day 1 postoperatively. The difference was significant. But
on the 3rd postoperative day, it was 57.3Kcal higher than
baseline only (not significant). A similar pattern was seen in
the patients undergoing LC, and there was a marked increase
(60.1Kcal) on day 1 but not on day 3. On both of the
postoperative days, REE levels were significantly higher in
OC than those in LC group. RQ fell significantly from baseline
on the 1st postoperative day in both groups. There was a
significant elevation of CRP concentrations from baseline

REE
LC (n=14)
OC (n=12)
RQ
LC
OC
CRP
LC
OC
a

Prior to
surgery

1st postoperative
day

22.5±0.61
21.02±0.58

21.7±0.61
20.32±2.1

22.15±0.83
24.8±0.72b

-1.77±0.48
-1.66±0.54

-2.85±0.46
-2.17±1.38

-1.77±0.78a
1.23±0.65b

7.40±0.006
7.42±0.013

7.387±0.008a
7.46±0.022

3rd postoperative
day

7.43±0.008b
7.44±0.018

P<0.05, vs OC bP<0.05, vs the preoperative period.

Luo K et al. Stress after Laparoscopic cholecystectomy

DISCUSSION
Laparoscopic cholecystectomy is becoming the choice of
surgery for uncomplicated cholelithiasis because it had induced
less tissue trauma response throughout the course of wound
healing compared to open cholecystectomy. Surgery stimulates
a series of hormonal and metabolic changes that constitute the
stress response. Surgery also induces neurohormonal events
that include activation of sympathetic nervous system and
stimulation of hypothalamic-pituitary -adrenal axis initially.
Then the adrenal cortex is activated, promoting the release of
neurohormonal transmitters that would influence the intensity
of postoperative pain and duration of postoperative ileus[5-7].
ACTH, catecholamine, cortisol, and glucagon all played crucial
roles in the mediation of stress response. In response to sepsis
and trauma, massive catecholamine, cortisol, and glucagons
are released, while serum insulin concentrations decrease
relatively, and decrease of insulin levels is in correlation with
the severity of the sepsis and trauma[8-12]. In the present study,
we found a marked decrease of insulin levels from baseline in
OC group on the 3rd postoperative day, while the intergroup
different was not significant on either 1st or 3rd postoperative
day. GH and cortisol levels increased from baseline in both
groups on the 1st and 3rd postoperative day, and there was a
more marked increase in OC group. On the 1st postoperative
day GH and cortisol concentrations were both higher in OC
than those in LC group.
The cytokines and CRP were objective markers of operative
stress response as well as the mediators of host immunologic
reaction. Derived from immune system or other tissues, TNF,
IL-1 and IL-6 were the major mediators of the acute-phase
response [13-15]. In a recent study, Bruce and coworkers [16]
examined the changes of CRP, IL-1 Ra, IL-6, and TNF-a in
LC and OC patients after surgery. A marked and persistent
raise of IL-6 levels was detected from 8 hours to 7 days
postoperatively in OC group, while the concentrations of CRP
and albumin were comparable in the two groups. IL-1ra levels
were significantly raised as early as 4 hours following incision
in OC group, compared to LC group. IL-6 levels rose
significantly and early (1 hour) in both groups, but there was a
more prominent and prolonged response in patients undergoing
OC. Significant intergroup difference of IL-6 levels was present
as early as 8 hours following incision[17-21]. In our study, we
found that CRP levels rose significantly from baseline on both
day 1 and day 3 after surgery in the two groups, but more
prominently in OC group.
In response to the surgical trauma, the body usually presents
with a hyper-metabolic state. Such a state is directly linked to
the activation of sympathetic nervous system, the increase of
oxygen and energy consumption, the negative nitrogen balance,
and the synthesis of CRP. All surgical traumas will induce
neuroendocrine activation and protein catabolism, and the
nitrogen excretion is therefore increased (mainly as BUN,
sometimes as SCr)[22,23]. The amount of the increased nitrogen
excretion was determined by the extent of stress, which is
proportional to the intensity of injury response. Thus, the degree
of metabolic restoration could be acquired using systemic
nitrogen balance measurements[8]. To our knowledge, this
study is the first to assess the effect of mini-invasive surgery
on body REE consumption. In the study, we observed the
perioperative changes of REE levels of LC and OC groups
using indirect calorimeter. As the result, REE increased
significantly (165.3 Kcal) from baseline in the 1st
postoperative day in OC group, while on the 3rd day the
elevation was not significant (57.3 Kcal). The LC group also
revealed marked increase (60.1 Kcal) in the 1st postoperative
day, but not in the 3rd day. The intergroup difference of REE
levels was significant (with higher levels in OC group) at all
phases postoperatively. RQ decreased significantly on the 1st
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postoperative day in both groups. Thus, our study revealed
that LC was less invasive and induced less host stress response
and metabolic disturbance compared with traditional OC and
it therefore might be more beneficial to the restoration of
nitrogen balance and metabolism.
During LC, pneumoperitoneum is induced by insufflation
of carbon dioxide, which may be accompanied with disturbance
of acid-base balance and pulmonary perfusion [24-27]. Open
surgery, on the other hand, usually results in pulmonary
dysfunction. Previous studies have shown that on the 1st
postoperative day, FVC and FEV1 decreased 40-70 % in patients
undergoing OC, compared to 20-40 % in patients undergoing
LC. There are possibly two explanations for this. One is that
postoperative wound pain often causes shallow respiration,
which may lead to small bronchiole closure, the pulmonary blood
shunt, and hence the hyponoxia. Increased oxygen consumption
after surgery may be another explanation[28-31]. In this study, we
observed that artery oxygen consumption fell significantly from
baseline on day 1 and restored to preoperative levels on the
day 3 postoperatively in LC patients, with no significant
reduction in OC patients. SO2 decreased significantly on the
1st postoperative day on both groups, and on the 3rd
postoperative day it was higher in LC group than in OC group.
Penumoperitonium could explain the reduced oxygen supply
at early postoperative phases in LC patients. However, the
influence of wound pain on respiration is more pronounced
and permanent OC than in LC patients, this may be the reason
why the intergroup difference is significant on the 3rd
postoperative day. HCO3 and BE raised significantly from
baseline in OC group on the 3rd postoperative day, and BE
was significantly higher in LC group than that in OC group on
the day. PH levels were much lower in LC group than those in
OC group on the 1st postoperative day. This is possibly because
of the postoperative acidemia elicited by the retention of CO2
during pneumoperitonium. Much attention should be paid to
this change during LC.
In conclusion, LC results in less prominent stress response
and metabolic interference compared to open surgery. These
advantages are beneficial to the restoration of stress hormones,
the nitrogen balance, and the energy metabolism. However,
LC can also induce acidemia and pulmonary hypoperfusion
because of the penumoperitonium it uses during surgery.
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environment, chronic atrophic gastritis can then develop
into gastric cancer. Hence it might have similar epithelial
cell ultrastructure and molecular biological changes in
ATP++, IMIIb and cancer, hence there were similar patterns
of occurrence, development and transformation.
Recognition of this trend might help to explore problems
of prevention and cure.

Abstract

Yin GY, Zhang WN, Shen XJ, Chen Y, He XF. Ultrastructure and
molecular biological changes of chronic gastritis, gastric cancer
and gastric precancerous lesions: a comparative study. World J
Gastroenterol 2003; 9(4): 851-857

AIM: To carry out a comparative study on ultrastructure
and molecular biological changes of chronic gastritis (CG),
gastric cancer (GC) aand gastric precancerous lesions.
METHODS: By the use of histochemical staining, SEM with
EDAX, TEM with EDAX, image analysis technique, RIA and
chemiluminescence method, gastric mucosa of 168 patients
were synchronously analyzed in morphology, trace
elements, DNA, cAMP, SOD, 3H-TdR LCT and serum LPO
were also done.
RESULTS: The incidence of epithelial nucleoplasmic ratio
>1, lobulated nuclei, inter-chromatin aggregation of
granules, nucleolar hypertrophy, and the content of DNA,
Zn, Cu in nuclei and serum LPO of each group were showed
as belows: normal control group (0.0, 0.0, 6.7, 0.0, 12.6±2.7,
7.6±0.4, 58.4±0.3, 2.6±0.6), CSG group (5.7, 2.9, 7.4, 2.9,
15.2±3.1, 8.1±0.5, 58.9±0.5, 4.2±0.7), CAG group (31.3,
29.7, 45.3, 42.2, 16.5±3.1, 8.6±0.4, 59.3±0.5, 4.5±0.6), CA
group (100.0, 100.0, 72.2, 50.0, 30.7±8.2, 8.8±0.3, 59.5±0.4,
6.8±1.6), ATP ++group (61.5, 38.5, 23.1, 38.5, 23.5±8.9,
8.3±0.4, 59.1±0.4, 5.1±1.2), IM+++ ATP++group (77.8, 55.5,
33.3, 44.4, 25.1±7.2, 8.4±0.5, 59.5±0.4, 6.5±1.1),
IM++++ATP ++ group (100.0, 100.0, 75.0, 62.5, 28.5±9.1,
8.9±0.5, 59.7±0.4, 7.6±0.7), IMIIb group (100.0, 62.5, 75.0,
50.0, 27.3±10.3, 8.6±0.3, 59.5±0.4, 6.1±0.9); whereas the
content of Zn, Cu in mitochondria and cAMP, SOD in gastric
mucosa, and 3H-TdR LCT of each group were showen as
belows: normal control group (9.2±0.5, 58.3±0.3, 15.9±1.5,
170.5±6.1, 1079.7±227.4), CSG group (8.6±0.5, 57.8±0.3,
14.6±1.8, 163.3±5.6, 867.3±240.5), CAG group (8.3±0.4,
57.5±0.3, 13.4±1.8, 161.2±4.3, 800.9±221.8), CA group
(8.9±0.4, 57.1±0.3, 10.2±3.9, 152.2±3.8, 325.7±186.8),
ATP ++ group (9.1±0.4, 57.0±0.3, 12.4±1.8, 161.5±3.8,
642.9±174.3), IM ++ + ATP ++ group (8.6±0.4, 56.9±0.3,
12.0±2.3, 152.2±2.5, 326.3±160.3), IM ++++ATP ++ group
(8.5±0.3, 56.8±0.2, 10.4±0.9, 147.4±2.6, 316.1±170.7),
IMII b group (8.6±0.3, 56.9±0.3, 11.9±1.9, 150.0±2.8,
318.9±145.8), there were significant differences between
groups (P<0.05-0.01).
CONCLUSION: There was a significant difference between
CG and GC in their ultrastructure and molecular biology.
Only on the condition of changes of internal environment
in combination with the harmful effect of external
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INTRODUCTION
We conducted histochemical staining, detection of cAMP, SOD
and DNA of gastric mucosa of 168 patients with chronic
gastritis (CG) or gastric cancer (GC); SEM and TEM with
EDAX were used to synchronously determine ultrastructures
and trace elements and image analysis technique was used to
determine nuclear DNA. 3H-TdR LCT and serum LPO were
also cared out. Following was the comparative study.
MATERIALS AND METHODS
Materials
168 patients definitely diagnosed as suffering from CSG, CAG
and GC were our subjects of study. According to “The
standards for the classification of chronic gastritis, for
gastrofiberscopic diagnosis and for histopathological diagnosis
of atrophic gastritis”, gastric mucosa tissue slices underwent
HE staining and ABPH2.5/PAS, Hid/ABPH2.5 and HiD/ABPH2.5
histochemical staining. ATP was classified into low-grade,
middle-grade and heavy-grade and IM into IM Ia, IM Ib, IM IIa,
IM IIb. 68 cases were definitely diagnosed as CSG, including
43 males, 25 females, average age 43 years, average course of
disease 4a, 26 cases without IM or ATP; 31 cases with
concomitant or solitary IM-19 cases low-grade, 10 cases
middle-grade and 2 cases heavy-grade; 9 cases with solitary
ATP-8 cases low-grade, 1 case middle-grade; 2 cases with IM
and concomitant ATP, IM and ATP were both middle-grade.
64 cases were definitely diagnosed as CAG, including 37 males,
27 females, average age 47 years average course of disease
6a, 3 cases without IM or ATP; 39 cases with concomitant
solitary IM (17 cases low-grade, 4 cases middle-grade and 18
cases heavy-grade); 8 cases with solitary ATP (2 cases lowgrade, 6 cases middle-grade.) 14 cases with IM concomitant
ATP (12 cases middle-grade IM, 2 cases heavy-grade IM, 8
cases low-grade ATP, 6 cases middle-grade ATP). 36 cases
were definitely diagnosed as GC, including 22 males, 14
females, average age 52 years, average course of disease, 2a,
all with IM or ATP. 12 cases with solitary IM (6 cases lowgrade, 3 cases middle-grade, 3 cases heavy-grade); 7 cases
with solitary ATP (1 case low-grade, 6 cases middle-grade);
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17 cases with IM concomitant ATP (5 cases middle-grade IM,
12 cases heavy-grade IM; 7 cases low-grade ATP, 9 cases
middle-grade ATP, 1 case heavy-grade ATP). Of the 45 healthy
volunteers who underwent gastroscopy and biopsy, 15 cases
had basically normal gastric mucosa tissues, including 6 males
9 females, average age 37, and they were referred to as normal
control (NC) group.

Methods
Under gastroscopy, three pieces of gastric mucosa were taken
from the focal and nonfocal areas in antral region and body of
stomach as specimens for section preparation, SEM, TEM,
detection of DNA, cAMP and SOD. Blood was taken for 3HTdRLCT and LPO. For the observation of gastric mucosa
ultrastracture and determination of its trace elements[1-4], 501B
SEM with 9100/60 EDAX was used to observe the three pieces
of specimens of each patient, under the direct vision of SEM,
the EDAX probe automatically detected the samples within
0.1-0.01 mm2 range all the elements under 12 in atomic number
and automatically calculated the weight percentage (WT%) of
each element in element series. 15 points were fixed in the
three pieces of mucosa of every patient to carry out 15
detections, and the average WT% of each element was taken
as its actual WT%. In every detection, 21 elements such as
Na, Mg, Al, Si, P, S, K, Ca, Fe, Cu, Zn, Ti, Cr etc were detected,
and weight percentage (WT%) of each element between
elements of gastric mucosa was calculated.
By using EM430 TEM with 9100/60 EDAX, three pieces
of mucosa specimens of every patient were magnified in unison
by five magnifying powers (3 600, 7 200, 14 000, 19 000,
29 000) to randomly take the pictures of the panoramagram,
local area and organelle and to detect the atomic number
percentage (AT%) of each nuclear and mitochondrial element
between trace elements[5-10]. After gastric mucosa cell smear
was stained by Feulgen staining, IBAS 2000 image analysis
technique was adopted to detect IOD, which is taken as the
relative content of nuclear DNA[7,8]. RIA was adopted to detect
the content of gastric mucosa cAMP (Pmol/g);
chemiluminescence method was adopted to detect the activity
of SOD (u/g)[4]. 3H-TdRLCT. (Bq/L whole blood) was carried
out; thiobarbituric acid development process was adopted to
detect serum LPO (u mol/L)[4].
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of different sizes and deranged; the cells became diabrotic
and necrotic and had inflammatory cell infiltration and the
glands propria of the serious cases were shaped like grid
framework structure (Figure 4). The surfaces of the epithelial
calls of IM gastric mucosa were thickly coated, villi were
invisible and the intercellular boundaries were not clear
(Figure 5). SEM was not able to definitely indentify gastric
mucosa ATP, but only able to distinguish whether cells were
hyperplastic or not. Degeneration, hyperplasia or cellular
regeneration occured in gastric mucosa. The hyperplastic cells
are of different sizes and states and the active memberanes
were shaped like lesser tubercles (Figure 6, 7). The cells of
gastric cancer were different sizes and shapes, deranged,
characterized by obvious heteromorphic nature, conglobated
and shaped like grapes or cauliflower. There were nearby or
basal infiltration, destruction and ulceration of cancer cells,
which have developed into ulcers.

Figure 1 Convolution shape of mucosa surface. ×320.

Statistical method
χ2 and t test.
RESULTS
Histopathology of gastric mucosa
Between NC group. CSG group. CAG group and CA group,
there were significant differences in the incidence rate and
degree of different types of IM and ATP in glands propria of
gastric mucosa (P<0.05-0.001, Table 1). The surface of
normal gastric mucosa was isolated by crisscross small groves
into many lesser gastric areas, assuming convolution shape
(Figure 1). In these areas, there were many gastric pits (the
mouths of gastric glands), which were shaped like craters.
The concave walls had round or oval epithelial cells of almost
the same size. In CSG gastric mucosa there were scattered
denatured, diabrotic and necrotic exfoliated epithelical cells,
on whose surface S-shape Helicobacter pylori (HP) were
found (Figure 2). Massive epithelial cells became diabrotic,
anabrotic and exfoliated forming micro ulcers. The ulcers
spred out from their centers, with adjacent cells crushed,
destructed in irregular shapes and arrangement. In CSG
gastric mucosa, cyst was found accidentally (Figure 3), the
epithelial cells of crater walls were atrophic and denatured,

Figure 2 Degeneration, diabrosis, necrosis and exfoliation of
gastric mucosa epithelial cells. ×640.

Figure 3 Cysts of gastric mucosa. ×64.
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Figure 4 Atrophic and denatured glands propria in grid framework structure. ×320.

Figure 8 The cells of gastric cancer are conglobated and shaped
like grapes. ×320.

Figure 5 The surface of IM cells is thickly coated, intercellular
boundaries are not clear. ×1 250.

Figure 9 There is an increase in inter chromatinic grandules
densification, nucleolar grandules become thick nucleoli expand with irregular margins. ×14 000.

Figure 6 The hyperplastic cells are of different sizes and states,
the active membranes are shaped like lesser tubercles. ×320.

Figure 10 Nucleolar margination. ×7 200.

Figure 7 The hyperplastic cells are of different sizes and states,
the active membranes are shaped like lesser tubercles. ×640.

Figure 11 Multi nucleoli. ×14 000.
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Figure 12 Nucleolar division. ×14 000.

Figure 13 Intranuclear inclusion. ×14 000.

Figure 14 The densification of inter chromatinic grandules.

×14 000.

The ultrastructure of gastric mucosa epithelial cells
The mucous cells on epithelial cell surface of relatively normal
gastric mucosa were columna epithelial cells covering
endogastric surfaces and inside wall of gastric pit. Their free
surfaces had short micro villi; the mucous neck cells were
distributed over the necks of gastric glands, and on the tops of
these cells were a few short thick micro villi. Chief cells were
distributed over the bodies and bottoms of gastric glands;
parietal cells were big and conic and their conical tops turned
towards gland cavities; the endocrine cells lied between chief
cells and parietal cells and they were small, and their nuclei are
round or oval, the nuclei envelopes are slightly bent, lobulated
nuclei were few, the nucleocyotoplasmic ratio was less than 1.
The nuclear chromatins were scattered, or associated with
nucleoli or along nuclear perimeters. The light bright zones
between heterochromatins in the nucleoli are euchromatins;
the nucleoli had high electron density without capsule.
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Mitochondria were round or oval, scattering around nuclei.
The mitochondria consisted of outer membrane, inner
membrane, outer ventricle, inner ventricle and cristae. Crista,
the inward folded inner membrane, was a hollow canal leading
to outer ventricle. Some mitochondrial cristae directly led to
cytoplasms. Cristae were generally in tabular arrangement,
parallel to each other and vertical to mitochondrial long axes.
In cytoplasms were many parallel rough surfaced endoplasmic
reticuluas (RERs), secretory granules, well-developed Golgi’s
bodies and scattered mitochondria. The free surfaces of
epithelial cells of CG gastric mucosa had dropped micro villi;
the intercellular space expanded and cell conjuctions decreased;
the karyoplasmic ratio of both ill-differentiated epithelial cells
and IM cells was greater than 1, and lobulated nuclei increased;
nucleolar granules became thick and nucleoli expanded with
irregular margins (Figure 9).
There occured nucleolar margination (Figure 10),
multinucleoli (Figure 11) and nucleolar division (Figure 12).
The obsolescent epithelial nuclei shrank and the karyoplasmic
ratio was still less; the heterochromatins lied densely around
nuclei; the electron density was low in the center of nuclei and
nuclei were loop in shape. (referred to as chromatin
margination); the shrunk nuclei were denticular, in which the
electron density was moderately homogeneous and chromatins
were not found (referred to as chromatin homogenization).
There were mitochondrial swelling, hypertrophy, pyknosis,
hyaline degeneration as well as vacuolar degeneration. The
deformed mitochrondrias were in C-shape or U-shape. There
were zigzag, longitudinal, sparse and pyknosis cristae, and
deranged cristas. There was an decrease in the number of
mitochondrias and their cristae. There were mitochondrial
decreases in number, mitochondrial swelling, or crista
fragmentation, vacuolar degeneration, and RERs in circular
arrangement; the Golgi’s bodies become atrophic and had lost
their typical structures; the cytoplasmic incretory granules
decreased. There were still greater epithelial cell changes in
cancer cells of gastric cancer than in cells of gastric mucosa of
chronic gastritis, intranuclear inclusion appeared (Figure 13).
There was an increase in peri-chromatinic and interchromatinic
granular densification (Figure 14). In euchromatins; there was
a significant difference between CSG group and CAG group
in nucleolar margination and nucleolar looping (P<0.05-0.001,
Table 2, 3); between IM IIb group, ATP++ group, IM+++ATP++
group and IM++++ATP++ group, compared with NC group, CSG
group and CAG group, the difference was also significant
(P<0.05-0.001, Table 2, 3). There is no significant difference
between IM++++ATP ++ group, IM IIb group and CA group
(P>0.05, Table 2, 3).

The biochemical assay in gastric mucosa and serum
The content of nuclear Zn and Cu increased progressively in
the sequence of NC group, CSG group, CAG group and CA
group; the content of mitochondrial Zn and Cu decreased
progressively in the same sequence. There was significant
differences between these groups (P<0.05-0.001, Table 4). The
content of Zn, Cu, cAMP and SOD in gastric mucosa decreased
progressively in the same sequence; the content of DNA
increased progressively in the above sequence. There were
significant differences between these groups (P<0.05-0.001,
Table 5). The content of 3H-TdRLCT decreased in the sequence
of NC group, CSG group, CAG group and CA group; content
of serum LPO increased in the same sequence; there was
significant difference between these groups (P<0.05-0.001,
Table 6). Between IMIIb group, ATP++ group, IM+++ATP++ group
and IM++++ATP++ group, NC group, CSG group and CAG group,
there was also significant difference (P<0.05-0.001, Table 4, 5,
6). Between IM++++ATP++ group, IM IIb group and CA group,
There was no significant difference (P>0.05, Table 4, 5, 6).
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Table 1 Comparison between classification of IM and grading of ATP in CG and GC gastric mucosa n (%)
IM classification
Groups

Grading of ATP

n
Ia

NC

15

2(13.3)

CSG

68

16(23.5)

CAG

64

16(25.0)

CA

36

Ib

IIa

IIb

ATP+

ATP++

IM+++ATP+

IM+++ATP++

IM++++ATP+

IM++++ATP++

IM++++ATP+++

1(6.7)
8(11.8)
b

6(8.8)

3(4.4)

11(17.2) 13(20.3)
b

4(11.1)

d

9(25.0)c

13(20.3)

d

16(44.4)df

8(11.8)

1(1.5)

2(3.1)

6(9.4)

d

1(2.8)d

2(2.9)
d

6(16.7)d

7(10.9)

5(7.8)c

1(1.5)

1(1.6)

3(8.3)

2(5.6)c

4(11.1)f

7(19.4) f

1(2.8)

Either Solitary IM or IM with concomitant ATP in CSG, CAG or CA is included in IM classification statistically, compared with NC
group. aP<0.05, bP<0.01; compared with CSG group. cP<0.05, dP<0.01; compared with CAG group. eP<0.05, fP<0.01. In table 2-6, the
marks are the same as here.
Table 2 The ultrastructures of epithelial nuclei of gastric mucosa in CG and GC n (%)
Appearce

Group

Chromatin

Nucleons

n
Nucleoplasmic
ratio >1

Nucleus
lobulated

Margination or
homogeneity

Perinuclcar
concentrated

looping

2(2.9)

2( 2.9)

NC

15

CSG

68

5(5.7)

CAG

64

20(1.3)

19(9.7)

33(51.6)

29(45.3)

27(42.2)

14(21.9)

CA

36

36(00.0)bf

36(00.0)bf

17(47.2)d

26(72.2)bdf

18(50.0)d

17(47.2)df

IMIIb

8

8(100.0)b

5(62.5) h

5(62.5)b

6(75.0)b

4(50.0)

3(37.5)

ATP

13

8(61.5)

5(38.5)

4(30.8)

bhj

3(23.1)

5(38.5)

1(7.7)hj

++

1(6.7)

Hypertrophy or
margination

2(2.9)
d

7(10.3)
d

hi

1(6.7)
5(7.4)
bd

hj

bd

bgj

d

IM+++ATP++

9

7(77.8)hhik

5(55.5) hk

3(33.3)bgj

3(33.3)bhj

4(44.4)

IM

8

8(100.0)

8(100.0)

5(62.5)

6(75.0)

5(62.5)

+++

+ATP

++

ln

jkm

bkm

blm

3(33.3)l
3(37.5)l

lm

Compared with CA group, gP<0.05, hP<0.01, Compared with IMIIb group, iP<0.05, jP<0.01, Compared with ATP++ group, kP<0.05,
P<0.01. Compared with IM++ +ATP++ group, mP<0.05, nP<0.01. In table 3-6, the marks are the same as here.

l

Table 3 Mitochondria utrastructures of gastric mucosa epithelial cells in CG and GC (x±s)
Group

n

Number

NC

15

86.5±27.3

CSG

68

65.4±21.1

CAG

64

52.2±20.8bd

10.9±4.5bd

11.7±8.6bd

11.6±7.7bd

3.7±1.1bd

6.9±3.5bc

8.9±3.7bd

CA

36

38.8±31.5

12.9±4.2

15.6±5.4

14.6±5.8

3.9±0.6

8.1±1.9

10.5±2.7bde

IMIIb

8

36.8±30.8b

13.8±3.2b

14.1±4.3b

12.5±3.9b

ATP

13

49.1±27.9

11.3±2.9

8.3±3.5

9.3±4.7

IM+++ATP++

9

41.3±30.8b

12.8±2.1b

12.1±2.8bg

11.2±3.7b

2.3±0.3bhjk

11.0±1.5ahi

6.2±1.3bhi

IM++++ATP++

8

35.4±31.5b

13.3±4.3b

15.2±5.3bl

12.8±4.3b

3.9±0.5bbln

8.4±2.1bln

8.6±1.0bhln

++

Swelling or
Ovegrowth (%)

Matrix
fading (%)

3.4±1.6
b

bde

b

7.2±3.8

3.0±1.1
7.8±5.0

b

bde

b

Vacuolar
degeneration (%)

2.9±1.9
b

bdf

bh

6.4±4.5

b

bde

b

Pyknosis
(%)

Crista
number

1.1±0.8

12.8±3.2

1.9±0.9

8.2±3.2

b

bd

3.3±0.8bg
1.9±0.5

bhj

Fragmentation
and derangement
of cristas(%)
2.2±1.1
5.8±3.1b

b

bde

9.3±2.1b
11.3±1.8

hi

Table 5 Gastric mucosa Zn, Cu, DNA, cAMP and SOD in CG and GC (x±s)
Group

n

Zn (WT%)

Cu(WT%)

DNA(IOD)

cAMP(pmol/g)

SOD(u/g)

NC

15

4.1±1.0

5.2±0.8

12.6±2.7

15.9±1.5

170.5±6.1

CSG

68

CAG

2.8±1.9

b

64

2.0±1.8

bc

CA

36

1.5±1.2bde

2.8±0.9bde

30.7±8.2bdf

10.2±3.9bdf

152.2±3.8bdf

IMIIb

8

1.7±0.9b

3.5±0.9b

27.3±10.3b

11.9±1.9b

150.0±2.8b

TP

13

2.7±1.3

4.4±0.9

23.5±8.9

12.4±1.8

161.5±3.8aj

IM+++ ATP++

9

2.3±1.5b

4.1±0.9bh

25.1±7.2b

12.0±2.3b

152.2±2.5bl

IM

8

1.5±0.8

2.9±0.8

28.5±9.1

10.4±0.8

147.4±2.6bhln

++

+++

+ATP

++

bhi

bkm

4.0±1.5

a

3.4±1.5

bd

ahi

bhin

15.2±3.1

b

16.5±3.1

bc

bg

b

14.6±1.8

b

163.3±5.6b

13.4±1.8

bc

161.2±4.3bc

bg

bil

7.6±1.1bh
5.2±1.2bhj
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Table 4 Nuclear and mitochondriaL Zn, Cu of gastric mucosa
in CG and GC (x±s)
Nuclear

Group

n

Mitochondria

Zn (AT%)

Cu(AT%)

Zn (AT%)

Cu(AT%)

NC

15

7.6±0.4

58.4±0.3

9.2±0.5

58.3±0.3

CSG

68

8.1±0.5b

58.9±0.5b

8.6±0.5b

57.8±0.3b

CAG

64

8.6±0.4bd

59.3±0.5bd

8.3±0.4bd

57.5±0.3bd

CA

36

8.8±0.3bde

59.5±0.4bde

8.9±0.4bde

57.1±0.3bde

IMIIb

8

8.6±0.3b

59.5±0.4b

8.6±0.3b

56.9±0.3b

ATP

13

8.3±0.4

bhi

i

57.0±0.3b

9

8.4±0.5

56.9±0.3b

8

8.9±0.5

++

IM + ATP
++

IM

+++

++

+ATP

++

59.1±0.4

9.1±0.4

bg

59.5±0.4

bk

8.6±0.4

bl

59.7±0.4

b

8.5±0.3

bhi

bl
bgl

56.8±0.2bh

Table 6 LPO and 3H-TdRLCT of CG and GC (x±s)
Group

n

LPO(umol/L)

NC
CSG

15
68

2.6±0.6
4.2±0.7b

1079.7±227.4
867.3±240.5b

CAG

64

4.5±0.6bc

800.9±221.8bc

CA

36

6.8±1.6

325.7±186.8bdf

IMIIb

8

6.1±0.9

ATP

13

5.1±1.2

++

IM + ATP
IM++++ATP++
++

++

9
8

bdf

3

H-TdRLCT(Bq/L)

b

318.9±145.8b

bhi

642.9±174.3bhj

6.5±1.1
7.6±0.7bgjlm
b

326.3±160.6bk
316.1±170.7bl

DISCUSSION
Chronic gastritis, CAG in particular, is generally acknowledged
as precancer ous state. However, not all CAGs are likely to
develop into gastric cancer because there is significant
difference between chronic gastritis and gastric cancer in the
ultrastructure and molecular biology of gastric mucosa. In the
grading and classification of IM, grading of ATP of gastric
mucosa, incidence rate of epithelial karyoplasmic ratio >1,
incidence rate of perichromatinic granular densification and
of nucleolar hypertrophy, the number of mitochondria and
cristae as well as the incidence rate of mitochondrial
deqeneration; as well as in the quantitative changes of nuclear
DNA, Zn, Cu, cAMP, SOD and serum LPO and 3H-TdRLCT,
there were significant differences between NC group, CSG
group, CAG group, CA group, IM IIb group, ATP++ group,
IM+++ATP++ group and IM++++ATP++ group (P<0.05-0.0001);
There was no significant difference between IM++++ATP++
group, IM IIb group and CA group (P>0.05). There are similar
epithelial ultrastructures and molecular biochemical changes
in ATP++, IM IIb and CA. Consequently they should have
similar law of occurrence, development and transformation,
which might contribute to the exploration of prevention and
treatment of the disease.
Clinically, only a few chronic gastritis patients’ gastric
mucosa epithelial cells are likely to develop into cancer cells,
but it is essential that there should be a process which causes
genetic variation of cells, the key of which is the quantitative
changes of epithelial nuclear DNA. The DNA molecular is
coded with nucleotide sequence fragments of special genetic
codes, every fragment is a functional group, referred to as gene.
The gene order has great stability. Only when intracellular
cAMP declines, cytodifferentiation is disturbed.The
metabolism of Zn, Cu in the body is disturbed, which in turn
disturbs the enzyme system and inhibits the synthesis and
activity of SOD; because of the NADPH oxidation reduction
circulation and the catalytic function of xanthine oxidase, a
great deal of oxygen free radicals are produced far beyond the
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cleaning ability of SOD. The excessive accumulated oxygen
free radicals react in lipid peroxidation with unsaturated fatty
acid of inner and outer membranes of mitochondria, producing
LPO. Thus level of serum LPO rises. The inner and outer
membranes of mitochondria are destructed, causing decrease
and derangement of mitochondrial cristae, mitochondrial
degeneration decrease of adenosine triphosphate production,
and inadequate energy supply of gastric mucosa epithelial cells.
When nuclei take up more Zn and Cu, the protein synthesis is
enhaneed nuclear division and hyperplasia are accelerated;
through influencing lymphocyte metabolism, the quantitative
changes of Zn and cAMP in turn inhibit lymphocyte
transformation and result in the decline of 3H-TdRLCT level
and immunity of the organism. The above changes of
intraorganism environment, only if stimulated by certain
external causes such as ionizaing radiation, chemical injuries,
infection S-shape HP and virus, are likely to cause the change
of sequences in gene group, which is referred to as gene
mutation; and genetic codes change accordingly, the changed
codes are transferred to heterogenous cell descendants, causing
cellular differentiation disturbance and even cancerous change.
Human body is an integrity organism, in which the components
of tissue and cell, and the bioactive substances including trace
elements, enzymes, hormones, immunity and messenger
substances exist with a definite content and a definite
quantitative ratio. It’s important to measure the “absolute”
content of each bioactive substance, but it’s more important to
measure quantitative ratio of each bioactive substance because
it can explain the trends and laws of variation of the whole
body and inner circumstance[9,10]. These ratios in normal body
keep in a state of dynamic balance within a definite range. If
this balance is broken, pathological phenomena and functional
disturbance will arise. The ratio fluctuation of bioactive
substances higher or lower than normal value, can lead to a
series of ratio variation, and then cause both a definite disease
diagnosed by modern medicine and clinical expression of
Chinese medical syndrome (a synthesis of symptoms without
peculiarity). The composite nature of Chinese medicine treats
disease through adjusting the above mentioned pathological
ratio is one of it’s therapeutic mechanisms. This is why Chinese
medicines have multilevel, multitarget, two-way adjusting
effects on human body, and how the medicines regulate
pathological ratio. It’s a slow process for Chinese medicines
to regulate pathological ratio, so It’s therapeutic effect is slow
too. Measuring the “quantitative ratio” of a series of bioactive
substances not only will be the research direction of medical
science and biological science, but also the research kernel of
the basic theory of traditional Chinese medicine[11-13].
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Abstract
AIM: To investigate the incidence of neuroendocrine (NE)
cells and their hormone products in adenocarcinomas and
evaluate their significance in clinical pathology and prognosis.
METHODS: By using tissue sectioning and immunocytochemistry, 356 cases of adenocarcinomas were studied to
examine the presence of chromorgranin and polypeptide
hormones in adenocarcinoma samples from our hospital.
RESULTS: The positive rate of NE cells and hormone products
was 41.5 % (54/130) and 59.3 % (32/54), respectively in
large intestinal adenocarcinoma cases; 39.6 % (38/96) and
36.8 % (14/38), respectively in gastric cancer cases; 38.1 %
(8/21) and 50.0 % (4/8), respectively in prostatic cancer
cases; 21.0 % (17/81) and 17.6 % (3/17), respectively in
breasr cancer cases; 17.9 % (5/28) and 60.0 % (3/5),
respectively in pancreatic cancer cases. Among carcinomas
of large intestine, pancreas and breast, the highly
differentiated NE cell numbers were higher than the poorly
differentiated NE cell numbers; while the gastric carcinoma
cases had more poorly differentiated NE cells than highly
differentiated NE cells. The higher detection rate of NE cells
and their hormone products, the higher 5-year survival rate
among the large intestine cancer cases.
CONCLUSION: Close correlation was observed between
NE cells and their hormone products with the cancer
differentiations. For colorectal carcinomas, there is a close
correlation of the presence of NE cells and their hormone
products with the tumor staging and prognosis.
Yao GY, Zhou JL, Lai MD, Chen XQ, Chen PH. Neuroendocrine
markers in adenocarcinomas: an investigation of 356 cases.
World J Gastroenterol 2003; 9(4): 858-861

and the correlation between the cancer differentiation with the
biological behaviors was evaluated.

MATERIALS AND METHODS
Materials
All the 365 adenocarcima samples were got from the first
affiliated hospital of Zhejiang University Medical College from
1975 to 1994. There were 96 cases of gastric cancer samples
(31 samples were got from the clinical biopsy; 65 samples
were got from radical operation and 22 samples had lymph
nodes metastasis); there were 130 case of large intestine cancer
samples got from radical operations (110 cases had the followup data); there were 81 and 28 case of breast and panereatic
cancer, respectively. The remaining 21 samples were got from
prostatic cancer biopsy.
Methods
All the samples were fixed with 10 % formaldehyde with
paraffin embedding and continuous sectioning at 4 µM in
thickness. Gross pathological observation was made on the
HE stain slides followed by immunocytochemistry. All the
samples were treated with anti-chromogranin serum fot the
primary screening positive cases. Further immunocytochemistry
was carried out for those positive NE samples by using peptide
hormone antibodies such as ST (diluted at 1:10 000, provided
by the 4 th Military Medical Academy) and other Dako’s
antibodies (somatostatin diluted at 1:300; glucagon diluted at
1:800; pancreatic polypeptide diluted at 1:800; gastrin diluted
at 1:350; insulin diluted at 1:150; ACTH diluted at 1:800 and
calcitonin diluted at 1:150). The immunostains were done by
ABC method and coloured with AEC. The antiserum of
serotonin and gastrin was used in the gastric mucosa; the
pancreas tissue was used to detect the chromogranin,
somatostatin, glucagon, insulin and pancreatic polypeptide;
calcitonin antiserum was used in the medullary carcinoma of
the thyroid gland while ACTH in the pituitary was used as the
positive control. The negative control was carried out by using
normal sheep serum to replace the 1st antibody. Based on the
chromoganin positive NE cell numbers, all the samples were
divided into three grades as the following. Negative: there was
no NE cells; Positive(+): the number of NE cells was fewer
than 5/mm2; Super positive (++): the number of NE cells was
over 5/mm2.

http://www.wjgnet.com/1007-9327/9/858.htm

Statistical analysis
The date were analysed by χ2 test.

INTRODUCTION
Compared with neuroendocrine cancers, little investigation is
carried out on the relationship of neuroendocrine cells and their
hormone products in non- neuroendocrine cancers, especially
in the common adenocarcinoma cases. By using nine different
antibodies and immunocytochemistry, NE cells and their
hormone products in 356 adenocarcinamas was observed with
the aim of revealing the incidence and distribution of NE cells

RESULTS
Morphology of NE cells and their incidence
Among the five common adenocarcinomas from different
tissue sources, the incidence rate was 41.5 % (54/130) for the
large intestinal carcinomas; 39.6 % (38/96) for the gastric
carcinoma; 38.1 % (8/21) for the prostatic carcinoma; 21.0 %
(17/81) for the breast cancer and 17.9 % (5/28) for the
pancreatic cancers, respectively. The highest incidence was
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NE cells was 17.5 %. But in the positive cells of hormone
products from 5 gastric sinus mucus membranes, the positive
cell percentage of hormone products against the total NE cells
was 78.6 % (χ2=1611.8, P<0.01); the samples adjacent to the
gastric sinus areas had the obviously higher percentage (46.6 %,
χ2=266.4, P<0.01). Significant difference was also observed
between the percentage of the adjacent mucus membrane
tissues of the tumors and the normal mucus membranes
(χ2=242.0, P<0.01).

seen in large intestinal carcinomas while the lowest in the
pancreatic carcinomas. When observing the chromoganin
stained slides, clear edges of NE cells and brownish granules
could be seen in the cytoplasm under the microscopy. In the
low differentiated carcinomas, the NE cells presented as an
oval, round or irregular shape without polarizations. Abnormal
structural characteristics were observed among these low
differentiated NE cells, which was similar to the adjacent tumor
cells; while for those highly differentiated carcinomas, the NE
cells were pyramid or bar shaped with the apex pointing to the
cavity of the gland. A few NE cell processes could be observed
reaching the gland cavity surfaces. The distribution of NE cells
were scattered or localized infiltrating all the layers with the
cancer cells. NE cells could be seen in both of the primary
carcinoma and the metastasis sites.

Ecotopic hormones and tumor differentiation
Except for the pancreatic carcinomas, ecotopic hormones were
revealed in other four types of the adenocarcinomas. One of
the large intestinal carcinomas cases showed gastrin positive;
Six gastric carcinoma cases showed ACTH positive; Two
prostatic cancer cases were glucagons positive; One breast
cancer case was somatostain positive while another breast
cancer case was calcitonin positive. Except for the large
intestinal and gastric carcinomas, all the other nine cases were
low differentiated carcinomas among the ecotopic hormone
carcinomas.

Relationship between NE cells and carcinoma differentiation
No exact correlation between NE cells and carcinoma
differentiation was observed among different carcinomas. The
highly differentiated NE cell incidences were 41.7 % (5/12)
for the large intestinal carcinomas, 42.9 % (3/7) for the pancreas
carcinomas and 32.5 % (14/43) for the breast cancers, which
was much higher than that of the low differentiated carcinomas.
Prostatic carcinomas had the same tendency but there was no
statistical significance due to fewer case numbers. In the low
differentiated gastric carcinomas, 50 % (27/54) had the positive
NE cells, which was significantly higher than that of the highly
differentiated carcinomas.

NE cells and tumor differentiation
Observed in large intestinal carcinomas, Dukes A stage
accounted for 41.7 % of the NE cell (++) cases (12 cases),
which was much higher than that in NE(-) group (19.7 %,76
cases). (χ 2=4.668, P<0.05). Among the 110 cases with
following-up, the 5-year survival rate was 81.8 % in NE cell
(++) group, which was obviously higher than that in the NE
(+) group (45.7 %, 35 cases) (χ2=4.000, P<0.05) and in NE
cell (-) group (42.2 %, 64 cases) (χ2=4.397, P<0.05).
Among the 32 hormone products positive cases with
polypeptide hormones (PH), Dukes A stage cases accounted
for 44.1 %, which was higher than that of NE cell positive
cases with hormone products negative (36.1 %), yet no statistical
difference was found between the two groups (χ2=0.351,
P>0.05). In hormone products (+) group (17 cases), the 5-year
survival rate was 70.6 %, which was higher than that of hormone
products (-) group (37.9 %, 29 cases) (χ2=4.148, P<0.05).

Distribution of hormone products of NE cells in tumors
From Table 1, the number of hormone products types was more
in large intestinal and gastric carcinomas (5 types of hormone
products); hormone products detected in breast cancers were
the fewest (only three in 17 cases). Most of them were the
tumor origin tissue hormones, but few of them were ecotopic
hormones.
Relationship between positive cell of hormone products and
tumor differentiation
In the large intestinal carcinomas, 9 cases were low
differentiated carcinomas whose positive cell percentage of
hormone products against the total NE cells was 27.0 %, which
was obviously lower than that in high differentiated carcinomas
(15 cases with the percentage of 43.9 %) (χ2=115.9, P<0.01);
It was also the same in the highly differentiated large intestinal
carcinomas whose percentage was lower than that in the normal
mucus membrane (10 cases with the percentage of 83.1 %)
(χ2=212.3, P<0.01) and the mucus membranes adjacent to the
tumors (25 cases with the percentage of 88.7 %) (χ2=168.8,
P<0.01). The gastric carcinoma had the similar results: the
positive cell percentage of hormone products against the total

DISCUSSION
The commonly used staining methods for revealing NE cells
include silver staining, neuron-specific enolase (NSE),
synaptophysin (SY) and chromorgranin (CG)
immunocytochemistry. Silver staining is the traditional staining
method with less specificity and sensitivity. Although NSE,
CG and SY are all the common markers, NSE has poor
specificity with distributions in different tissues but is localized
in the cytoplasm. CG is distributed in neuroendocrine granules.
Both CG and SY are good markers and corresponding to

Table 1 Distribution of hormone productions of NE cells in tumors
Type

NE Positive
Case

Serotonin
Case (%)

Somatostatin
Case (%)

Glucagon
Case (%)

PP
Case (%)

Gastrin
Case (%)

Calcitonin
Case (%)

ACTH
Case (%)

Colorectal
carcinomas

54

30(55.6)

14(25.9)

11(20.4)

5(9.3)

1(1.9)

0

0

Gastric
carcinomas

38

5(13.2)

5(13.2)

5(13.2)

0

3(7.9)

0

6(15.8)

Pancreatic
Carcinomas

5

1(20.0)

0

1(20.0)

2(40.0)

0

0

0

Breast
Carcinomas

17

1(5.9)

1(5.9)

0

0

0

1(5.9)

0

4(50.0)

0

2(25.0)

0

0

0

0

Prostatic
Carcinomas

8
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respective subcellular structures. CG is a specific matrix
component of endocrine granules[1-3]. While SY is localized
within small capsule membranes related to the secretion
granules, whose specificity and sensitivity are less than those
of CG. That’s why CG is considered as a realistic marker for
NE cells[4-8]. Studies have confirmed that CG could be served
as a new way of revealing NE cells and for the diagnosis of
NE tumors[9].
Our study demonstrated that NE cell numbers were closely
correlated to the tumor differentiation in large intestinal,
pancreatic, breast and prostatic carcinomas[10]. The higher
differentiated tumors had the higher incidence of the NE
cells [8]. That was contradicted to our gastric carcinoma
observations, but corresponding to the publication reports[11].
Further studies are needed to be conducted to reveal these
differences to see if they are related to the embryology, etiology
and tissue development of the tumors.
No serial report were seen about the hormone products of
NE cells from the common adenocarcinomas. We observed 5
types of adenocarcinomas and found out that large intestinal
and gastric carcinomas had the higher hormone products in
their NE cells; but in the gastric and highly differentiated
carcinomas, they had lower hormone products in NE cell than
those of poor differentiated carcinomas. The hormone products
were more in the large intestinal and gastric carcinomas than
those in normal mucus membranes and tissues adjacent to the
carcinomas. Neoplastic NE cells had lower hormone products
and they were decreased with anaplasia which may be due to
the fact that these cells were in immature state with lower
hormone synthesis. Thus, the amount of hormone products in
NE cells of the carcinomas can serve as an index for the
determination of tumor differentiation and the diagnosis of
benign and malignant tumors[12-15].
Based on the study of the large intestinal carcinomas, we
found that hormone products and distribution of NE cells were
closely correlated to the tumor grade, clinical pathological stage
of the tumor and prognosis of the patients[16-23]. Carcinomas
with NE (++) releasing PH were the early stage carcinomas.
The higher 5-year survival rate may be due to the somatostatin’s
inhibition of the tumors[24-29]. Zollinger-Ellison syndrome was
reported in some gastric carcinoid cases[30-32], but our study
only revealed there were only different hormone products but
without sign and symptoms of Zollinger-Ellison syndrome as
well as other hormone signs and symptoms, which may be the
fact that the hormone products produced by NE cells were not
enough in the inactivated form or inactivated by the liver
enzymes. Further study is required to examine whether these
hormone products participate in the immune regulations of
the tumor or the hormone products exert the direct effects on
the tumor development and growth.
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Abstract
AIM: Primary neoplasmas of the jejunum and ileum are
i nfre qu en t an d lack spe cific man ifestati on s an d
inaccessibility of conventional endoscopy, so the diagnosis
of these tumors are usually delayed. So far the data of
primary jejunoileal neoplasmas is still scarce, especially in
Chinese medical literature in English. There may be some
differences among the Chinese and the westerners in
jejunoileal neoplasmas.
METHODS: A retrospective analysis was made on clinical
findings and pathological types.
RESULTS: Of the 60 patients with jejunal or ileal
neoplasmas, the most frequent symptom was abdominal
pain (57 %), followed by tarry stool (43 %) and hematochezia
(10 %). Abdominal mass (40 %) was the most common
finding on physical examination, followed by anemia and
weight loss (35 %). 67 % of the jejunoileal neoplasms were
located in the jejunum. Among the malignant neoplasmas
(68 %), malignant stroma (47 %) was most common, while
the benign stromoma (20 %) was the most common benign
neoplasmas. Preoperatively, 40 patients (67 %) were
diagnosed as small bowel neoplasmas, of which 34 were
found by enteroclysis. Abdominal mass was shown by CT in
18 cases and by ultrasonography in 13. The mean duration
of symptoms before diagnosis was 7 months. In 41 patients
with malignant tumors, the duration of symptoms before
diagnosis exceeded 12 months in 21 cases, lymphatic or
distant metastases were found in 26 (63 %)cases during
operation. An emergency laparotomy was performed in 4
patients (7 %) owing to intestinal obstruction or perforation.
CONCLUSION: Primary jejunoileal neoplasmas in Chinese
present some difference from Westerners on clinical features
and histopathologic types. Enteroclysis remains the major
relevant diagnostic procedure in this study, the misdiagnotic
rate is high preoperatively due to failure of detection by
conventional imaging procedures such as CT and
inaccessibility of routine endoscopy. For the suspected
patients, combined application of aforementioned procedures
may facilitate early diagnosis. The wireless capsule
endoscopy may improve the diagnostic rate of jejunoileal
neoplasmas in the future.
Yang YS, Huang QY, Wang WF, Sun G, Peng LH. Primary
jejunoileal neoplasmas: a review of 60 cases. World J
Gastroenterol 2003; 9(4): 862-864
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INTRODUCTION
Primary neoplasmas of jejunum and ileum, benign or
malignant, are infrequent. Clinical manifestations of jejunoileal
neoplasmas are nonspecific and the neoplasma-related
symptoms occur late, moreover, such neoplasms are beyond
the scope of conventional gastroscopy or colonoscopy. The
rarity, nonspecific and inaccessibility make them liable to be
overlooked, with delayed or erroneous diagnosis[1], and are
responsible for high mortality rates. So far the data on small
bowel cancers are scarce[2]. To our knowledge, there may be
some differences between the Chinese and the Westerner in
jejunoileal neoplasmas. Herein we reported a series of
consecutive cases of primary jejunal and ileal neoplasmas in
our hospital over the past 8 years, and analyzed their clinical
manifestations, pathologic types and diagnostic process.
MATERIALS AND METHODS
Cases of primary jejunal and ileal neoplasmas from January
1993 to August 2001 were retrieved through the inpatient
computer registry system of PLA General Hospital, Beijing.
The medical records were reviewed by the authors. Cases of
duodenal and metastatic small bowel tumors were excluded.
A total of 60 cases of primary jejunal and ileal neoplasmas
were collected. All cases underwent surgery and were
confirmed by histopathology.
RESULTS
Demographic features
There were 42 males (70 %) and 18 females (30 %) with an
average age of 48 years (16-77 years). The majority (51 %) of
patients were over 50 years of age.
Clinical manifestations
Symptoms, signs and complications were listed in the following
Table 1. Abdominal pain and tarry stool were the most common
symptoms in both benign and malignant jejunoileal tumors.
Abdominal mass and anemia were common findings on physical
examination in both benign and malignant neoplasmas, while
the weight loss was frequent in malignant ones. Complications
at presentation such as intestinal obstruction and perforation were
more common in malignant tumors.
Table 1 Clinical manifestations of 60 cases of jejunoileal tumors
Benign (n)
Symptoms
Abdominal pain
Tarry stool
Hematochezia
Signs
Abdominal mass
Anemia
Weight loss
Complications
Intestinal obstruction
Intestinal perforation

Malignant (n)

Total

8
9
2

26
17
4

34 (57%)
26 (43%)
6 (10%)

9
6
1

15
15
20

24 (40%)
21 (35%)
21 (35%)

2
0

5
1

7 (12%)
1
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Histopathology and sites of distribution
Histopathology and sites of distribution of jejunoileal
neoplasmas were summarized in Table 2. Of the 60 cases, 40
(67 %) were located in the jejunum, and 20 (33 %) in the ileum.
Malignant tumors (n=41, 68 %) was nearly twice that of the
benign ones (n=19, 32 %). Benign and malignant stromoma
were predominant histological entities.
Table 2 Histopathology and distribution sites of 60 cases of
jejunal and ileal tumors
Tumor types

Jejunum

Ileum

Benign
14 (23.3%)
5 (8.3%)
Stromoma
8
4
Adenoma
2
0
Angioleiomyoma
2
0
Lipoma
0
1
Lymphangioma
1
0
Neurofibroma
1
0
Malignant
26 (43%)
15 (25%)
Malignant stromoma
17
11
Adenocarcinoma
7
1
Non-Hodgkin’s lymphoma
0
2
Carcinoid
0
1
Neuroendocrine carcinoma
1
Malignant histiocytosis
1
0
Total
40(67%) 20(33%)

Total
19 ( 32%)
12 (20%)
2 (3.3%)
2 (3.3%)
1 (1.7%)
1 (1.7%)
1 (1.7%)
41 ( 68%)
28 (46.7%)
8 (13.3%)
2 (3.3%)
1 (1.7%)
1 (1.7%)
1 (1.7%)
60 (100%)

Diagnostic procedures
Before operation, small intestinal diseases were suspected in
73 % (44/60) on admission. There were 40/60 patients (67 %)
correctly diagnosed preoperatively. Among the 40 patients,
34 jejunoileal neoplasmas were correctly diagnosed by
enteroclysis. Other preoperative diagnoses were made by
angiography, colonoscopy, CT and Ultrasonography.
Angiography was performed in 5 cases, of which 4 (80 %) of
them were discovered preoperatively. One case of lymphoma
of terminal ileum was detected by colonoscopy, and one jejunal
tumor was diagnosed by CT scan only.
Of the 60 patients, 56 underwent CT scan, abdominal masses
or intestinal wall thickening were visualized in 18 (32 %) cases,
but two of them were misinterpreted as ovarian cancer, one as
r en al li p o m a an d o n e a s in testi n al t u b er cu lo s is.
Ultrasonography was carried out in all 60 patients, and solid
abdominal masses were demonstrated in 13 (22 %).
20 patients remained obscure diagnosis preoperatively, final
diagnoses were disclosed during laparotomy. The mean
duration of symptoms before diagnosis was 7 months. In 41
patients with malignant neoplasms, the duration of symptoms
exceeded 12 months in 21 (52 %) cases.
Surgical findings
Of the 60 patients, three cases of intestinal obstruction and one
case of intestinal perforation underwent emergency laparotomy
(7 %). The rest underwent selective laparotomy (93%).
Of the 41 of malignant tumors, the masses within the
intestinal walls were found in 15 without metastases; local
lymph node metastasis in 12, distant and mesenteric lymph
node metastasis in 9, liver metastases in 4 and urinary bladder
metastasis in 1, the total rate of metastases was 63 % among
the malignant tumors. lymph node metastasis was commonest
in 51 % of malignant tumors.
DISCUSSION
Primary neoplasmas of jejunum and ileum are only <2 % of

the gastrointestinal malignant tumors, the incidence was 1.4
per 100 000 compared to 35.7/100 000 for colorectal and
92.9/100 000 for breast cancer[2,3]. The jejunoileal neoplasmas
are preponderant in male with a ratio of 2:1 between male and
female[3,4]. Our result showed 70 % in male and 30 % in female,
similar to that reported in the literature. The patients with
jejunoileal tumors were usually eld people with an average
age of over 50 years[1-5], in this article, 51 % were over 50 years.
The small bowel neoplasmas located in the jejunum usually
more frequent than that in ileal. In our results, the jejunal
neoplasmas were twice as many as the ileal ones, higher than
that reported in the literature[4]; but the ratio of malignant and
benign in small bowel tumors was concordant with those in
the literature[7]. As to the histopathologic types, the commonest
pathologies of jejunoileal tumors were lymphoma,
adenocarcinoma and carcinoids, followed by
leiomyosarcomas, neuroendocrine tumors and other entities
in Western countries[1-7], which were significantly different
from those in our study, in which the benign and malignant
stromoma was predominant. In addition, some very rare tumors
were seen in our investigation including angioleiomyoma,
lymphangioma and malignant histiocytosis etc. The above
results indicated that there were some differences between the
Chinese and the Westerners in the pathologic types of
jejunoileal tumors.
The clinical manifestations of jejunoileal neoplasmas were
nonspecific and symptoms usually occurred late. The
abdominal pain, gastrointestinal bleeding and weight loss were
most frequent complaints in our patients and as well as in the
other reports[4-6], followed by nausea and/or vomiting [4,6].
Abdominal mass and anemia were the most common physical
findings in our study and related literatures[4,6], followed by
abdominal distension, muscle guarding and rigidity[4]. The
diagnosis of small bowel neoplasmas was often made when
symptoms presented several months late, the median duration
of symptoms before diagnosis was 7 months in our study, 3.6
and 6 months in others[4,6]. The metastasises of jejunoileal
neoplasms were common as they were usually identified late,
the metastatic rate of leiomyosarcoma ranged from 24 % to
50 %, with the liver being most frequently involved[5], distant
metastasis occurred in 27 %[2]. In our study, metastasis was
found in 63 % of the malignant tumors, lymph node metastasis
was the commonest (51 %) similar to that reported in the
literature[4], followed by liver metastases in 10 % of cases.
The preoperative diagnosis of primary jejunoileal neoplasmas
remains difficult for clinicians owing to the nonspecific
symptomatic presentation. The enteroclysis, enteroscopy and
imaging methods have been used generally for small bowel
diseases. Radiographic study of small bowel malignant tumors
showed abnormality in 87 %[4]. In our study, 34 cases of
jejunoileal neoplasmas were diagnosed by enteroclysis. Both
ultrasonography (US) and CT are also useful for detection of
small bowel tumours. CT was found to detect leiomyoma and
leiomyosarcoma most successfully and had the additional
advantage of locating metastatic lesions[5]. Moreover, CT
offered the possibility of a preoperative staging by evaluating
tumour extension through the bowel wall, involvement of
lymph node and possible metastases[8]. Other preoperative
diagnoses were made through angiography, colonoscopy, CT
and Ultrasonography. Angiography was performed in 5 cases,
of which 4 (80 %) of small intestinal neoplasmas were
discovered preoperatively. A case of lymphoma of terminal
ileum was detected by colonoscopy, and one case of jejunum
tumor was diagnosed by CT scan only.
Of the 60 patients, 56 underwent CT scan, abdominal masses
or intestinal wall thickening were visualized in 18 (32 %), but
two cases were misinterpreted as ovarian cancer, one as renal
lipoma and one as intestinal tuberculosis. Ultrasonography was
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carried out in all 60 patients, and the solid abdominal masses
were demonstrated in 13 cases (22 %).
Final diagnoses were disclosed during laparotomy for those
20 patients whose diagnoses remained obscure preoperatively.
The mean duration of symptoms before diagnosis was 7
months. In 41 patients with malignant neoplasms, the duration
of symptoms exceeded 12 months in 21 cases (52 %).
Jejunum and ileum are difficult to visualize directly.
Colonoscopy with retrograde ileoscopy is useful in the
diagnosis of neoplasm of the terminal ileum[4]. Enteroscopy is
capable of observing most of the small intestine[5], but it is hard
for the patients to endure. Small bowel enteroclysis is still a
good choice for the detection of jejunoileal neoplasms[6], albeit
a third of cases of this series may be missed in the examination.
Angiography is carried out in only a small proportion of
patients, though it is relatively sensitive, especially for those
lesions with abundant vascularity, the expense and invasive
property limit its application [7]. Spiral CT is thought to be
comparatively accurate in detecting small bowel tumors[8],
however its diagnostic accuracy is poor in this series with
possible misinterpretations, probably due to lack of experience
of some radiologists in this field. Despite the interference by
intestinal gas, ultrasonography proves to be helpful in a fifth
of cases to demonstrate thickened intestinal wall or unsuspected
mass. Wireless capsule endoscopy is optimal for those patients
without intestinal obstruction when it is available. Laparotomy
is justified in those suspected cases as a last resort.
Thanks to a variety of investigations, the correct diagnosis
is reached in the majority of patients before operation, though
the delay between the onset of symptoms and the final diagnosis
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is often significant. As a result, more than 60 % of patients
with malignant tumors has advanced beyond the early stage
of neoplasm. Recognition of this entity, with high index of
suspicion, rational application of aforementioned investigation
procedures, the advent of capsule endoscopy and justified early
laparotomy, may facilitate the diagnosis and improve the
outcome.
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Abstract
AIM: To evaluate of scoring system in predicting
choledocholithiasis in selective intraoperative cholangiography
(IOC) during laparoscopic cholecystectomy (LC).
M ET HOD S: T h e s c o r i n g s y s t e m o f p r e d i c t i n g
choledocholithiasis was developed during the retrospective
study in 264 cases, and was tested in 184 to evaluate its
predictive value in choledocholithiasis.
RESULTS: The scoring system was developed in a
retrospective study of 264 cases, the statistical analyses
showed the predictive factors included sex, transaminase
levels, alkaline phosphatase level, bilirubin level, and
common bile duct diameter on ultrasonography. The scoring
system was used in 184 cases prospectively, of which, 3 of
162 (1.9 %) cases scoring <3 had choledocholithiasis, 17 of
22 (77.3 %) cases scores≥3 had choledocholithiasis. A case
of scores≥3 or more prospectively should be considered
highly intraoperative cholangiography during laparoscopic
cholecystectomy.
CONCLUSION: Th e sco rin g syste m can p re di ct
choledocholithiasis and is helpful in selection patietns for
intraoperative cholangiography.
Sun XD, Cai XY, Li JD, Cai XJ, Mu YP, Wu JM. Prospective study
of scoring system in selective intraoperative cholangiography
during laparoscopic cholecystectomy. World J Gastroenterol
2003; 9(4): 865-867
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1999 were analyzed. Before operation, choledocholithiasis
in cases with cholecystolithiasis was not discovered by
ultrasonography (US). During operation, 54 cases of
cholecystolithiasis with choledocholithiasis and 210 cases of
cholecystolithiasis without choledocholithiasis were confirmed
by IOC. Sex, age, history of pancreatitis, jaundice, transaminase
levels, alkaline phosphatase level, bilirubin level and diameter
of common bile duct (CBD) on ultrasonography were evaluated
as predictors of choledocholithiasis, and scoring system of
selective IOC was designed.

Prospective study
From January 2000 to June 2001, the scoring system was
carried out prospectively in 184 patients undergoing LC.
Following evaluation, LC and IOC were performed, then the
correlation of scoring results with choledocholithiasis was
studied.
RESULTS
No choledocholithiasis in 264 patients undergoing LC was
discovered by ultrasonography prior to operation. During LC,
IOC found choledocholithiasis in 54 patients (Table 1).
Table 1 Factors predicting choledocholithiasis in 264 patients
No of cases with No of cases without
choledocholithiasis choledocholithiasis
(54 cases)
(210 cases)

Factor

Percentage
(%)

P

<0.05

Sex
Male

27

40

40

Female

27

170

14

Age
<55ys

34

112

23

20

98

17

<0.05

Present

15

30

33

>0.05

Absent

39

180

18

55ys
Pancreatitis

Jaundice
Present

10

22

31

Absent

44

188

19

Normal

31

201

13

Elevated

23

9

72

>0.05

Transaminase

INTRODUCTION
Laparoscopic cholecystectomy (LC) has been extensively
accepted since Mouret first successfully finished the procedure
in 1987[1]. Whether intraoperative cholangiogram (IOC) during
LC should be applied routinely is still controversial. Thus, we
develop a scoring system to predict choledocholithiasis and
recommend selection of IOC during LC.
MATERIALS AND METHODS
Retrospective study
Two hundred sixty-four cases of LC from January 1996 to June

<0.05

Alkaline phosphatase
Normal

36

189

16

Elevated

18

21

46

Normal

31

205

13

Elevated

23

5

82

33

204

14

21

6

78

<0.05

Bilirubin
<0.05

CBD diameter on US
8 mm
>8 mm

<0.05
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Multivariate analysis found that independent predictors of
choledocholithiasis included sex, serum level of transaminase,
alkaline phosphatase, and bilirubin, and CBD diameter on US.
Therefore, the scoring system in regression analysis was
established (Table 2).
Table 2 Scoring system of predicting choledocholithiasis
Factor

Criteria

Sex
Transaminase
Alkaline phosphatase
Bilirubin

Score

Female

0

Male

1

Normal

0

Elevated

2

Normal

0

Elevated

2

Normal

0

Elevated

3

CBD diameter on US

8 mm

0

>8 mm

3

Total

11

The scoring system was used in 184 patients undergoing
LC before operation. During LC, all of the patients were
performed IOC(Table 3).
Table 3 Results of scores in 184 patients before LC
Score

No of patients

0

1

2

3

4

5

6

7

8

9

10

11

107

49

6

3

1

2

1

3

2

2

2

6

During LC, choledocholithiasis was found in 20 patients
by IOC, the relationship between scores and choledocholithiasis
was showed in Table 4.
Table 4 Relationship between scoring results and choledocholithiasis in 184 patients undergoing LC
Score

<3
3a
a

No of patients with
choledocholithiasis

No of patients without
choledocholithiasis

Percentage

3

159

1.9

17

5

77.3

P<0.05 vs score of less than 3.

A significant difference in predicting value scoring 3 or more
and that of less than 3 was found according to the χ2 test. Thus,
evaluation of LC patient with scoring system preoperatively
would be helpful in predicting choledocholithiasis. If patient
were scored more than 3, IOC should be performed during LC.

DISCUSSION
With the popularization of laparoscope, the age of microtraumatic surgery has come and great changes have occurred in
surgical operation and surgical ideology[2]. Gallstone is one of
the common primary diseases of biliary tract. LC has become a
conventional method to treat patient with symptomatic
gallstones. IOC is one of the accurate and safe procedure used
in LC, is helpful in finding abnormality of pancreaticobiliary
tract[3], avoiding common bile duct injury[4-8], and detecting
choledocholithiasis[9-11], thus, some recommended a routine IOC
during LC[4,5,12]. Because majority of gallstones patients do not
have choledocholithiasis, IOC will increase the patient’s cost
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and exposure to X-ray, however, some researches found that
the value of IOC were limited[13-15], it is unnecessary to perform
a routine IOC during LC. However, there are still 10-15 % of
cholecystolithiasis patients who have choledocholithiasis[16].
Preoperative ERCP and IOC may be helpful to find
choledocholithiasis[17-20].
Mahmud suggested that, some gallstones might slip into
the cystic duct or the common bile duct during LC, and IOC
is valuable of determing the choledocholithiasis, ERCP and
EST were regarded as effective methods detecting
choledocholithiasis [21]. Edye retrospectively analyzed 31
patients with choledocholithiasis treated by EST, and ERCP
showed completely cleared common bile duct, but IOC during
subsequent LC revealed common duct residual stones in 8 of
these 31 patients. The author suggested that even after
presumed endoscopic clearance of the bile duct stone, many
patients (26 %) still harbored stones in common bile duct at
the time of cholecystectomy. Therefore IOC during LC was
recommended even after successful ERCP[22]. Some studies
revealed that preoperative ultrasound is neither sensitive nor
specific for detecting common bile duct dilatation or the
presence of residual stones[23]. Some studies assessed the use
of endoscopic retrograde cholangiopancreatography (ERCP),
IOC, intraoperative laparoscopic ultrasonography (IOUS)[24-27].
Bege manifested that combined endoscopic and laparoscopic
management of cholecystolithiasis and choledocholithiasis
were a viable option and were optimized by endoscopic
ultraosonography[28]. The combined procedures of endoscopic
sphincterotomy and LC included one-stage treatment of
cholelithiasis and choledocholithiasis, elimination of potential
return to the operating room when postoperative ERCP were
unsuccessful[29,30]. Ichihara concluded that intraoperative real
time cholangiograms were helpful in detecting bile duct injuries
or anomalies, and unsuspected bile duct stones[31].
We recommend that IOC during LC should be performed
selectively. Digital C-arm can provide real-time imaging and
obtain a clear cholangiogram easily. The protocol of selective
IOC is still debatable. Snow analyzed the results of 2034 LC,
and found that there were no false negative, bile duct injuries,
or other complications attributable to routine IOC or selective
IOC, and suggested that selective IOC were an effective method
of verifying suspected choledocholithiasis and were safer and
less expensive than routine IOC[32]. Abboud performed a metaanalysis of published data to evaluate preoperative indicators
of choledocholithiasis, which included cholangitis, jaundice,
dilated CBD on ultrasound, hyperbilirubinemia, elevated levels
of alkaline phosphatase, pancreatitis, cholecystitis, and
hyperamylasemia. The results showed that these predictors
could be applied as guidelines for whether to investigate for
duct stones before cholecystectomy[33]. Kim also suggested
selective IOC, and the risk levels of the presence of
choledocholithiasis were determined by the independent
predictor including preoperative clinical, biochemical and
sonographic variables[34]. However, Koo reviewed 420 cases
of elective LC, IOC was routinely performed and acted as the
reference standard for the presence of choledocholithiasis, and
found that there were no predictive tests that could sufficiently
increase an observer’s probability estimate of the presence or
absence of choledocholithiasis to allow for “selective” IOC
decisions[35].
By logistic regression analysis, our studies showed that sex,
transaminase levels, alkaline phosphatase level, bilirubin level
and common bile duct diameter on ultrasonography were
independent predictors of choledocholithiasis. A scoring
system was therefore designed with a total score of 11. Our
prospective studies also showed that patients scoring more than
3 were at significant risk to have choledocholithiasis, and IOC
should be performed during LC.
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Abstract
AIM: To review the experience on the use of endoscopic
nasopancreatic drainage (ENPD) in the treatment of severe
acute pancreatitis (SAP).
METHODS: Since March 1998, under the regular
management of SAP with non-operative method, ENPD has
been randomly used in 14 patients. The average age of the
patients was 41.3±15.9 (years), with 8 males and 6 females.
The time from onset to admission was 32.9±22.8 (hours). 8
cases were found to have gallbladder stone. The daily output
of pancreatic fluid was measured. The body temperature,
heart rate, WBC count, blood glucose, blood calcium, PaO2,
blood and urine levels of amylase were detected on the fifth
day and compared with their respective data on the first day.
Therapeutic results and hospitalization times were recorded.
RESULTS: The time of drainage was 7.3±4.0 days. The daily
drainage outputs of the first five days were 236.4±176.6,
287.1±164.7, 284.6±216.4, 435.0±357.8 and 377.8±223.8 ml,
respectively. The decreases in body temperature, heart rate,
WBC counts, blood and urine levels of amylase and the
increase in PaO2 were significant on the fifth day when
compared with those on the first day. Infection of pancreatic
necrosis was found in one patient and controlled by antiinfectives. 6 out of 8 patients with gallbladder stone were
operated during hospital stay. All patients were cured and
diischarged and the average hospital stay was 28.1±11.6 days.
CONCLUSION: ENPD is an effective method for the
drainage of pancreatic fluid and might have an important
role in the treatment of SAP. Further observation, comparison
and summary by this method are worthy to be considered.
Quan ZF, Wang ZM, Li WQ, Li JS. Use of endoscopic nasopancreatic drainage in the treatment of severe acute pancreatitis.
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INTRODUCTION
Acute pancreatitis (AP) is a common clinical emergency. For
the reason of urgency of episode, severity of patient’s condition,
frequent complications and high mortality, extensive attention
has been paid to severe acute pancreatitis (SAP) in clinical
practice[1-10]. Since August 1995, we have adopted the principle
of combination therapy mainly by non-operative methods, the

therapeutic efficacy of SAP has been increased significantly
and hospital stay has been shortened. Therein, the method of
endoscopic naso-pancreatic drainage (ENPD) was used in 14
cases since March 1998,with significant results.

MATERIALS AND METHODS
General clinical data
A total of 14 patients were treated, with average age of
41.3±15.9 (27-77) years, 8 males and 6 females. From onset
of the sisease to admission was 32.9±22.8 (6-72) hours. In 8
cases (8/14, 57.1 %), gallbladder stone was detected by B
ultrasonography or computerized tomography (CT). All patients
were diagnosed as SAP in accord with the diagnostic criteria set
by Surgical Pancreatic Group of the Surgical Society of Chinese
Medical Association[11,12]. Within 24 hours after hospitalization,
their APACHE-II scores were 8, Balthazar CT grades II,
and all accompanied by one or more organ dysfunction.
Routine non-operative monitoring therapy
All patients in fasting were installed with gastric tube to
decompress and drain gastrointestinal fluid, and were given
oxygen therapy (nasal catheter oxygen inhalation, 5 L/min),
prophylactic application of antibiotics and somatostatin (14
peptide or 8 peptide). At the same time, internal homeostasis
including water-electrolyte balance, acid-base balance, and the
change of organ functions such as heart, lung, liver and kidney
were monitored. Proper supportive therapy was given on time
if necessary.
Endoscopic nasopancreatic drainage (ENPD)
After hospitalization, with the use of fiberoptive duodenoscope
spectacle (Olympus TJF-30 model), nasopancreatic drainagetube was inserted through the scope in the ward instantly after
admission. The procedure was as follows: after intramuscular
injection of 50 mg meperidine and 10 mg 654-2 with topical
anaesthesia of throat, the endoscope was advanced to
duodenum, searching for the papilla. Once found, it was
observed about its shape, size, and position of the orifice. A
tube was inserted into pancreatic duct for 5-10 cm through the
orifice. The catheter was 1.95 m in length, 1.95 mm in outside
diameter and 1.70 mm in inside diameter with 3 to 5 side holes
near the distal end. If pancreatic juice cound be drawn out, it
indicated that insertion of the catheter was successful. The
endoscope was then withdrawn and the drainage tube was
guided from oral cavity to nasal cavity by a guiding catheter
and fixed. Thereafter, the patency of the nasopancreatic tube
was closely observed daily and was washed with gentamycin
saline solution if necessary. When the abdominal symptoms
and signs subsided, the tube was pulled out.
Observation index
Volume of the drainage from nasopancreatic tube was observed
and recorded everyday. The body temperature, heart rate, WBC
counts, blood glucose, blood calcium, PaO2, and blood and
urine levels of amylase were surveyed on the fifth day and
compared with that on the first day. The therapeutic results
and the time of hospital stay were recorded.
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Data processing
All data were expressed as mean ±standard deviation, and ttest was used for statistical analysis.
RESULTS
Information of drainage by nasopancreatic tube
The pancreatic fluid of all patients drained out was feculent
achromatic or white fluid in the first 1 to 3 days, and then
turned to clear transparent pancreatic fluid. The time of
nasopancreatic drainage was 7.3±4.0 days. The drainage output
of pancreatic fluid during the first five days was shown in
Figure 1. The radiogram of naso-pancreatic catheter in a patient
was shown in Figure 2.
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Figure 1 The drainage output of pancreatic fluid during the
first five days.

Figure 2 The radiogram of naso-pancreatic catheter in a patient.

Changes of the relevant monitoring indices
The decrease of body temperature, heart rate, WBC count, blood
and urine levels of amylase and the increase of PaO2 were
significant on the fifth day when compared with that on the first
day. The change of blood glucose or blood calcium had no
significant difference. The details were shown in Table 1.
Table 1 Changes in several related indexes

Body temperature ( )

The first day

The fifth day

38.2±0.6

37.2±0.8b

102.3±17.0

82.9±14.5b

WBC count (×109/L)

14.6±4.2

10.1±5.4a

Blood amylase (U/L)

695.7±445.2

82.6±47.1b

Urine amylase (U/L)

3174.1±2542.5

286.8±260.9b

PaO2 (mmHg)

78.0±16.3

113.0±41.6b

Blood glucose (mmol/L)

10.0±4.9

8.6±3.3

Blood calcium (mmol/L)

2.1±0.2

2.2±0.2

Heart rate (bpm)

a

P<0.05, bP<0.01, vs the first day.
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Therapeutic result of treatment and time of hospital stay
Bacterial infection of pancreatic necrosis was found in one
patient and controlled after changing the anti-infectives.
Cholecystectomy was performed in 6 patients with
cholecystolithiasis before discharge. All patients were cured
and the time of hospital stay was 28.1±11.6 days.
DISCUSSION
There has been a steady increase in the incidence or the
admission rate of AP[13-15]. Generally, it is recognized that the
pathogenesis of AP is correlated with the common channel of
biliary and pancreatic ducts which is also called the common
biliary pancreatic duct. The most common cause (60-80 %) is
gallbladder stone and alcoholism[16]. The former cause was
more extensively studied than the latter. Incarceration by the
calculus which enters the common channel and/or the
inflammatory reaction and tissue edema caused by the passage
of the calculus have often been proposd as the mechanism of
AP and we name this type of AP the gallbladder stoneoriginated AP.
The obstruction of common biliary pancreatic duct results
in the bile flowing into the pancreatic duct, activating the
pancreatic enzymes and then causing the occurrence of AP.
This is the classical bile reflux-common channel theory. This
theory does not explain why AP happens in patients who have
no calculus incarceration in or obstruction of common biliary
pancreatic duct. In our group, 8 out of 14 cases, which
amounted to 57.1 %, were diagnosed as having with
cholecystolithiasis. But no one showed incarceration of the
calculus or obstruction of common biliary pancreatic duct. We
found that there was no bile mixed in the pancreatic fluid in
our SAP patients with or without cholecystolithiasis, although
the initial drain was feculent.
Nevertheless, the experiment of Lerch, et al [17] made it clear
that both pancreatic duct ligation alone and common biliary
pancreatic duct ligation could cause the occurrence of AP, with
pathological changes of similar severity. This result suggested
that pancreatic duct obstruction, especially increase of
pancreatic intraductal pressure was the main factor of the
occurrence of AP. It may be the main mechanism in patients
suffering from AP with or without cholecystolithiasis.
Pancreatic ischaemia has an important role in the
pathphysiology of AP[18,19]. Shi and his colleagues[20] reported
that pancreatic duct obstruction was the first step causing
ischaemia in AP and early decompression of the pancreatic
duct prevented the early pancreatic ischaemia. The study of
Choudari, et al [21] proved that improving drainage of the
pancreatic ductal system by endoscopic means effectively
relieved the pain and reduced the number of attacks of
pancreatitis in the majority of patients with heriditory
pancreatitis. Aiming directly on this mechanism, we used the
method of ENPD in treating SAP patients. All the patients
accepted the routine non-operative therapy. Amelioration of
abdominal symptoms and signs was very rapid with the
drainage. Comparing with that on the first day, the decrease in
body temperature, heart rate, WBC counts, blood and urine
levels of amylase and the increase in PaO2 were significant on
the fifth day. Although blood glucose decreased and blood
calcium increased, but they had no statistic significance.
Bacterial infection of pancreatic necrosis was found only in
one patient and was controlled after changing the antiinfectives. All 14 patients of this group were cured.
Studies have shown that duration of the obstruction of
common biliary pancreatic duct was related directly with the
severity of pancreatic necrosis and prognosis of the patient.
Removal of the obstruction or decreasing the pressure on time
can prevent the appearance of pancreatic necrosis or its further
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development. The earlier the time of removal of the obstruction
or decreasing the pressure, the better the prognosis[16,22-24].
Beger, et al[25] found that if the course of AP was longer than
3-4 days, the pancreas would necrotize irreversibly. It is
important in the therapy of SAP to remove the obstruction or
lower the high pressure of the pancreatic duct as early as
possible. The time from onset to admission was 32.9±22.8 (672) hours in this group and the application of ENPD was carried
out in the ward immediately after the admission. This is another
important factor to get the curative effect.
This is our preliminary experience of the clinical application
of ENPD in the treatment of SAP. The real value of this this
therapeutic modality should be further studied by strict
randomised control study.
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Abstract
AIM: To assess the validity of local excision for the early
stage low rectal cancer as an effective treatment alternative
to radical resection.
METHODS: A retrospective medical chart review was done
in 47 patients with early stage low rectal carcinoma who
underwent local excision from November 1980 through
November 1999 at Cancer Hospital of Chinese Academy of
Medical Sciences (CAMS). The patients were treated by either
transanal (40 cases), trans-sacral (5 cases), or trans-vaginal
(2 cases) excision of tumors and no death was related to
surgery. Sixteen patients received postoperative radiotherapy.
RESULTS: T1 and T2 lesion was found in 36 (76.6 %) and
11 patients (23.4 %) respectively. The overall local tumor
recurrence rate was 14.9 % (7/47), with an average
recurrence time of 21 months. Among these 7 recurrent
patients, there were 4 T1 and 3 T2 lesions. Microscopically,
the surgical incisal margin was negative in 45 (95.7 %) and
positive in 2 patients (4.3 %); Both of the later had developed
local recurrence. The overall 5-year survival rate was 91.7 %,
in which there were 94.4 % for T1 and 83.3 % for T2 tumors.
T stage, intravessel tumor thrombosis, lymphocytic infiltration
and histological grade were not found to be significant by
related to the local recurrence and survival (P>0.05).
CONCLUSION: Local tumor excision was a safe procedure
for the treatment of early stage low rectal carcinoma with
minimal morbidity and mortality, which might serves as one
of the primary surgical treatment methods for the disease
of this kind.
Gao JD, Shao YF, Bi JJ, Shi SS, Liang J, Hu YH. Local excision
carcinoma in early stage. World J Gastroenterol 2003; 9(4):
871-873
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INTRODUCTION
Abdominoperineal resection (APR) has traditionally been use
to treat the Adenocarcinoma of the low rectum[1-2]. In which a

permanent colostomy has to be performed, leading to the risk
of complications, inconvenience of patients and even death[3,4].
More recently, local excision has been performed with the
curative intent to remove the well-differentiated lesions that
are less than 3 cm in diameter and limited to the mucosa or
submucosa[5-7], which offers these patients fewer operative
complications and long-term survival outcome [8-13]. The
increasing evidence based on the local tumor recurrence and
survival rates supports the use of local excision as a primary
treatment modality in the selected patients[14-18].
The aim of the present study was to review our experience
in the local excision of the early rectal cancers and to assess
the validity of this therapeutic strategy as an effective treatment
alternative to radical resection.

MATERIALS AND METHODS
Materials
Forty-seven 47 patients with early stage low rectal carcinomas
were treated by local excision from November 1980 to
November 1999 at the Department of General Surgical
Oncology, Cancer Hospital of Chinese Academy of Medical
Sciences (CAMS). They were 23 male and 24 female and with
an average age 57 years (ranging from 31 to 80 years). The
rectal carcinomas were located 3 to 8 cm from the anal verge
(Table 1).
Table 1 Patient and treatment characteristics (n=47)
Characteristic

No. patients

Sex
Male

23

Female

24

Surgical margin
Negative

45

Positive

2

Radiotherapy
No

31

Yes

16

T stage
T1

36

T2

11

Grade
Well differentiated

22

Moderately differentiated

23

Poorly differentiated

2

Surgical Procedure
Transanal excision

40

Trans-sacral excision

5

Trans-vaginal excision

2

Treatment
Patients were treated by either transanal (40 cases), trans-sacral
(5 cases), or trans-vaginal (2 cases) excision of tumors, in which
16 patients received postoperative radiotherapy.
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Pathological diagnosis
All available pathohistological sections were reviewed by a
single pathologist to assessed the depth and extent of tumor
invasion, the lymphocytic infiltration, mucinous status, and
the degree of tumor differentiation. The tumor was staged
according to the American Joint Committee on Cancer Staging
System (AJCC1996).
Statistical analysis
The end points of this study were local and distant tumor
recurrence and patient survival. Obtained data were analyzed
using the Statistical Package for the Social Sciences (Release
11.0, SPSS, Inc). Survival curves were estimated using the
Kaplan-Meier method and were compared using the log-rank
test. Significance was defined as P<0.05.
RESULTS
There was no death related to surgery. The most severe
complication was the fistula formation, which was necessitated
to perform a temporary diverting colostomy in two patients
treated with trans-sacral excision. Other complications included
bleeding in 2 patients and anal stricture in one patient (Table 1).
The median tumor diameter was 2.0 cm (ranging form 0.4
to 3 cm). Thirty-six patients (76.6 %) had T1 and 11 patients
(23.4 %) had T2 lesion. The resected tumors in most cases were
well or moderately differentiated, poorly differentiated were
only seen in two patients. For those pathological sections
were available, intravessel tumor thrombosis was identified
in 10 patients (21.3 %) and lymphocytic infiltration in 8
patients (17.0 %). Tumor cells appeared on the surgical incisal
margin were negative in 45 patients (95.7 %) and positive in
2 cases (4.3 %).
The average time for follow-up survey was 53 months. The
overall local tumor recurrence rate was 14.9 % (7 patients)
with the median recurrence time of 21 months (ranging from
12 to 48 months) postoperation. Among those with local
recurrence, T1 and T2 tumors were found in 4 and 3 cases
respectively. Five patients had immediate reoperation (APR
or anterior resection). Both of the two patients with tumor cell
positive incisal margin developed local recurrence. The overall
5-year survival rate was 91.7 %, in which there were 94.4 %
for T1 and 83.3 % for T2 tumors.
T stage, intravessel tumor thrombosis, lymphocytic
infiltration, histological grade and mucinous differentiation
were not found to be significant predictors for local tumor
recurrence and survival (P>0.05).
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literature was dominated by retrospective analyses of
heterogeneous groups of patients. Included the patients with
the tumors undifferentiated and penetrating the perirectal fat,
with questionable or even positive tumor cell incisal margins, or
with different surgical approaches, even palliative surgery[20,21].
Besides specific reference was not always made to the
lymphatic and blood vessel invasion, and the role of salvage
surgery after failed local excision has also not been clearly
stated[22-26]. Therefore, There is an almost uniform agreement
at present that only the well- or moderately differentiated T1
and T2 tumors, without blood vessel or lymphatic invasion or
mucinous components could be treated by local excision with
curative intent.
The present study there was no death related to the surgery,
postoperative mortality. Complications occurring more and
with a minimal in patients treated with trans-sacral excision
was the fistula that was necessitated to perform a temporary
diverting colostomy in two patients. Transanal excision was
associated with less morbidity than any other local excision
procedures.
Our data suggested that longer follow-up was necessary to
identify those who would have a relapse, as shown by the fact
that the median time for the local tumor recurrence in our study
was about 21 months, with a range of 12 to 48 months
postoperation. Recurrence rates were 11.1 % and 27.3 % in
T1 and T2 tumors, respectively, which suggested that T stage
was an important factor affecting recurrence.
The fact that both of the 2 patients with tumor cell positive
incisal margin developed local recurrence suggested that
tumor-free incisal margin and completely tumor excision was
crucial for the prevention of local tumor recurrence, which
was difficult to achieve for T3 lesion because the tumor had
invaded the perirectal fat or anal sphincter. Therefore, if a tumor
cell negative incisal margin could not be achieved in the
operation, the patient was not considered as a good candidate
for the local excision [27,28]. Statistical analysis showed that
intravessel tumor thrombosis, lymphocytic infiltration,
histologic grade and mucinous differentiation were not found
to be the significant predictors for the local tumor recurrence
and survival (P>0.05).
In summary, on the basis of our retrospective data, the
sphincter-preserving local excision can be used as one of the
primary surgical treatment methods for the early-stage low
rectal cancer with minimal morbidity and mortality.
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diseases are more frequently found in individuals working
in medicinal herb, rice storehouses or mills and other sites
with high density of mites. More attention should be paid
to the mite prevention and labor protection for these highrisk groups.
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Abstract
AIM: To investigate epidemiology and pathogenic mite
species of intestinal and urinary acariasis in individuals with
different occupations.
METHODS: A total of 1994 individuals were tested in this
study. History collection, skin prick test and pathogen
identification were conducted. The mites were isolated from
stool and urine samples by saturated saline flotation methods
and sieving following centrifugation, respectively.
RESULTS: Among the 1994 individuals examined, responses
to the skin prick test of “+++”, “++”, “+”,”±” and “-” were
observed at frequencies of 3.96 % (79), 3.21 % (64), 2.31 %
(46), 1.25 % (25) and 89.27 % (1780), respectively. A total
number of 161 (8.07 %) individuals were shown to carry
mites, with 92 (4.61 %) positive only for stool samples, 37
(1.86 %) positive only for urine samples and 32 (1.60 %)
for both. The positive rate of mites in stool samples was
6.22 % (124/1994), being 6.84 % (78/1140) for males and
5.39 % (46/854) for females. No gender difference was
observed in this study (χ2=1.77, P>0.05). The mites from
stool samples included Acarus siro, TyroPhagus putrescentiae,
Dermatophagoides farinae, D. pteronyssinus, Glycyphagus
domesticus, G.ornatus, Carpoglyphus lactis and Tarsonemus
granaries. The positive rate of mites in urine samples was
3.46 % (69/1994). The positive rates for male and female
subjects were found to be 3.95 % (45/1140) and 2.81 %
(24/854) respectively, with no gender difference observed
(χ2=1.89, P>0.05). Mites species in urine samples included
Acarus siro, Tyrophagus putrescentiae, T. longior, Aleuroglyphus
ovatus, Caloglyphus berlesei, C. mycophagus, Suidasia
nesbitti, Lardoglyphus konoi, Glycyphagus domesticus,
Ca rp o g l yp h u s l acti s, L e p i d o g l yp h u s d e s tru cto r,
Dermatophagoides farinae, D. pteronyssinus, Euroglyphus
magnei, Caloglyphus hughesi, Tarsonemus granarus and T.
hominis. The species of mites in stool and urine samples
were consistent with those separated from working
environment. A significant difference was found among the
frequencies of mite infection in individuals with different
occupations (χ2=82.55, P<0.001), with its frequencies in
those working in medicinal herb storehouses, those in rice
storehouse or mills, miners, railway workers, pupils and
teachers being 15.89 % (68/428), 12.96 % (53/409), 3.28 %
(18/549), 2.54 % (6/236), 5.10 % (13/255) and 2.56 % (3/
117), respectively.
CONCLUSION: The prevalence of human intestinal and
urinary acariasis was not associated with gender, and these

INTRODUCTION
Various species of mites often infest stored foodstuffs and
various drugs, and cause losses in food and drug products,
especially in humid and warm area[1-9]. They are small creatures
of about half a millimeter in body size and creamy white in
color, proving difficult to be detected from drugs and food
products. Therefore, the incidence of various forms of human
acariasis presumably caused by the ingestion of mite-infested
food is unusually high in China[10]. In this study we investigates
the epidemiological characteristics and pathogenic mite species
of intestinal and urinary acariasis in individuals with different
occupations in Anhui Province.
MATERIALS AND METHODS
Population
A total of 1994 subjects with the average age of 35 years (663 years), 1 140 males and 854 females, were examined in this
study, including medicinal herb storehouse workers (n=428),
rice storehouse or mill workers (n=409), miners (n=549),
railway workers (n=236), pupils (n=255) and teachers (n=117).
Special attention was paid to individuals with intestinal or/
and urinary symptoms.
Methods
History collection, skin prick test and etiological examination
were carried out on the 1994 subjects.
History collection A questionnaire, administered by a nurse,
was used to collect information from each subject investigated.
Information was collected by means of in-person, telephone,
interview, including age, gender, history of present illness,
anamnesis, symptomatology (i.e. abdominal pain, diarrhea,
abdominal cramps, urethremorrhage, urodynia, cloudy urine,
frequency of micturition), onset date and duration of symptoms,
personal habits, living environmental hygiene and the date of
stool and urine sample collection.
Skin prick test Skin prick test were performed with the
concentrations of 1:100 (W/V) of the test extract. After skin
disinfection, a little of extract (about 0.01 ml) was dripped on
skin surface of right forearm flexor, then a special disinfectant
needle was used to prick into the skin through the drop of the
extract. The depth of needle in skin was limited about 0.5-1
mm and there was no bloodshed. About 5 cm apart from the
extract drop, normal saline in proximal and histamine in distalis
were used for negative and positive control solution. The mean
diameter of the wheals or areolae was measured 15-20 min
after the test. The reactions with the mean diameter up to 1.5
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mm, 2 mm, 3 mm, 5 mm and 10 mm were regarded as ±, +,
++, +++ and ++++, respectively.
The test extract was made according to NIBSC82/518
approved by World Health Organization (WHO) in 1984. The
purified fraction was prepared as follows: the mites were then
frozen and thawed several times after having been cultured in
the initial medium for several months. A 48-hr maceration in
a borate buffer (pH 8.5) was followed by centrifugation. The
supernatant was neutralized and submitted to precipitation with
a series of acetone. The fraction precipitated at 80 % acetone
was isolated, washed and dried. This purified extract was
lyophilized or stored as a solution in the presence of 50 %
glycerol and 5 % phenol[11-14].
Etiological examination All individuals were asked to provide
stool and urine samples for etiological examination. Mites in
stool samples were separated by saturated saline flotation
methods, and the mites were identified under microscope. Each
stool sample was examined for three times Specimens
containing adult or larval mites, eggs, or hypopus were
considered positive.
Samples of the first urine in the morning and 24 hours’
urine of all individuals were collected for separation of mites.
After centrifugation and filtration with a copper sieve, they
were examined under a microscope for adult or larval mites,
eggs or hypopus.
Blood examination Leukocytes were also counted and sorted
in 30 patients with mites detected.
Detection of mites from working environment Directicopy,
waterenacopy and tullgren were used to identify mites from
mill floor dust, stores of medicinal herbs including wolfberry
fruit, ophiopogon root liquorice, boat-fruited sterculia seed and
safflower.
Colonoscopy After defecation, the patients with mites found
in their stools were examined by routine colonoscopy.
Cystoscopy After emiction, the patients with mites detected
in their urine were examined by routine cystoscopy.

Statistical analysis
The positivity rates were expressed as percentages, and the
statistical analysis was carried out by using χ2 test. A probability
value of less than 0.05 was considered statistically significant.
RESULTS
Skin prick test
The skin prick test was definitely positive in 189 subjects, with
the results “+++”, “++”, “+”, “±” and “-” observed in 79 (3.96 %),
64 (3.21 %), 46 (2.31 %), 25 (1.25 %) and 1 780 (89.27 %),
respectively among the 1994 individuals examined.
Etiological examination
Of 1994 individuals investigated, mites were detected from
stool or/and urine samples in 161 (8.07 %) subjects, with the
positive rates in stool, urine and in both being 4.61 % (92),
1.86 % (37) and 1.60 % (32), respectively.
The positive rate of mites in stool samples was 6.22 % (124/
1 994), with that for male and female subjects being 6.84 %
(78/1 140) and 5.39 % (46/854), respectively. No gender
difference was found in this series (χ2=1.77, P>0.05). The mites
from stool samples included Acarus siro, TyroPhagus
putrescentiae, Dermatophagoides farinae, D. pteronyssinus,
Glycyphagus domesticus, G.ornatus, Carpoglyphus lactis and
Tarsonemus granaries. Among 124 cases with mites in stool
samples, 54 (43.55 %) were positive for adult mites, 13 (10.48 %)
for larval mites, 43 (34.68 %) for both adult and larval mites,
3 (2.42 %) for both adult mites and eggs, 6 (4.84 %) for adult
and larval mites and eggs, 3 (2.42 %) for both larval mites and
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eggs and 2 (1.61 %) for both hypopus and eggs. Mite
concentration was also estimated, being 1-2 /cm3, 2-4 /cm3
and >5 /cm3 in 6, 30 and 88 cases, respectively.
Totally, mites were detected from urine samples at a
frequency of 3.46 % (69/1 994). The positive rate for male
and female subjects were 3.95 % (45/1140) and 2.81 % (24/
854), respectively, with no gender difference found in this
series (χ2=1.89, P>0.05). The mites in urine samples were
separated and identified, including Acarus siro, Tyrophagus
putrescentiae, T. longior, Aleuroglyphus ovatus, Caloglyphus
berlesei, C. mycophagus, Suidasia nesbitti, Lardoglyphus
konoi, Glycyphagus domesticus, Carpoglyphus lactis,
Lepidoglyphus destructor, Dermatophagoides farinae, D.
pteronyssinus, Euroglyphus magnei, Caloglyphus hughesi,
Tarsonemus granarus and T. hominis. Among the 69 positive
cases, 19 cases (27.54 %) were found to be positive for adult
mites, 18 (26.09 %) for larval mites, 11 (15.94 %) both adult and
larval mites, 3 (4.35 %) for adult mites and eggs, 11 (15.94 %)
adult and larval mites and eggs, 6 (8.70 %) for larval mites
and eggs, and 1 (1.44 %) for both hypopus and eggs. The mite
concentrations were shown to be <0.5 /ml, 0.6-1 /ml, 1.1-1.5 /
ml and >1.5 /ml, respectively, in 32, 25, 10 and 2 cases,
reflecting the verity infectiosity of mites among different
individuals.

Relationship between skin prick test and etiological
examination
The results of etiological examination are correlative to skin
prick test. One hundred and sixty-one of the 189 cases (85.19 %)
positive skin-prick reaction were found to be positive for mites
in their stool or / and urine samples. The intensities of the skin
prick reaction were also found to be associated to mite
concentrations in stool or / and urine samples, with the reactions
“+++”, “++” and “+” corrective to 100 % (79/79), 90.63 %
(58/64) and 37.50 % (24/46), respectively.
Blood examination
Leukocytes were counted and sorted in so cases, most of them
being in the range of (5.55-10.4)×109/L with the exception of
4 cases [(11.0-12.9)×10 9/L]. The esoinophilic granulocyte
count was high [(0.32-0.78)×10 9/L]. The average value of
constituent ratio of eosinophilic granulocyte was 0.09 (0.040.11) and was higher than the normal range (P<0.01).
Mites separated from working environment
The samples of mill floor dust (30 shares), stores of medicinal
herbs (146 species) including wolfberry fruit, ophiopogon root
liquorice, boat-fruited sterculia seed, safflower and other
working environmental foodstuffs were collected and used for
mites isolation. Numbers of mites per gram were shown to be
91-1862, 21-186, 0-483, 10-348, 51-712, and 311-1193, in
mill floor dust, traditional Chinese medicine stores, traditional
Chinese herbs including candied fruit, dry fruit, brown sugar,
and expired cake. Twenty-two species, from 9 families of mites
were separated and identified out of them, including Acaridae,
Lardoglyphidae, Glycyphagidae, Chortoglyphidae,
Carpoglyphidae, Histiostomidae, Pyroglyphidae, Tarsonemus,
Cheyletus. The mite species isolates from working
environmentwere were shown to be similar to those from stored
food staffs.
Relationship between acariasis and occupation
Of the 1994 subjects investigated, mites were detected in
68 individuals (15.89 %) working in traditional Chinese
medical storehouses, and 53 rice storehouse or mill workers
53 (12.96 %), being higher than those with other occupations
(Table 1).
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Table 1 Prevalence of intestinal and urinary tract mite infection in individuals with different occupations
Occupations

n

Only in stool

Only in urine

Both in stool and urine

n

%

n

%

n

%

Total
n

%

Traditional medical storehouse workers

428

32

7.48

24

5.61

12

2.80

68

15.89a

Rice storehouse or mill workers

409

28

6.85

12

2.93

13

3.18

53

12.96a

Miners

549

16

2.91

0

0

2

0.36

18

3.28a

Railway workers

236

5

2.12

0

0

1

0.42

6

2.54a

Pupils

255

9

3.53

1

0.39

3

1.18

13

5.10a

Teachers

117

2

1.71

0

0

1

0.85

3

2.56a

1994

92

4.61

37

32

1.65

161

Total

1.90

8.07

χ =82.55, P<0.001.

a 2

Colonoscopy
Colonoscopy performs in 16 patients with mites found only in
stool, showing pale intestinal wall, punctate ulcer, and exfoliated
cell from intestinal wall. In addition, live mites and eggs were
observed in tissues, especially in marginal zone of ulcer.
Cystoscopy
Cystoscopy was performed in the 11 patients with mites only
found in urine samples, showing Pachymucosa, uroepithelial
hyperplasia, lymphocyte and plasmaocyte infiltration in
membrana propria and a lot of dense pink abscess in the trigone.
In addition, trabecularism of inner wall of urinary bladder
changed slightly, local of lateral wall was congestive, and blood
capillary was also congestive and dilated. By cystoscopy, 4 adult
mites were found in 3 of 11 subjects, which were identified to
be Lardoglyphus konoi, Euroglyphus magnei, Tarsonemus
granarus, and neither larval mite nor egg was found.
DISCUSSION
The acaroid mite is a kind of arthropod and its geographic
distribution appears to be global[15,16]. Acaroid mites infestation
is a well-known problem for stored grain, often influencing
quality and hygienic condition of the grain[1-9]. However, little
is known about acariasis. Acaroid mite can survive in many
environments including the storehouse, human and animal
bodies. Its infestion in human can cause acariasis in several
organs including the lung, intestine and urinary tract[17-26].
In this study, mites were identified in 124 of the 1994 stool
samples. The mite species observed in stool samples included
Acaridae, Glycyphagidae, Carpoglyphidae, Pyroglyphidae
and Tarsonemus, being in accordance with those found in the
working places of the patients. This confirmed that mites being
able to live in intestinal tract and causing intestinal acariasis
were transmitted through living environment and stored foods.
The respiratory infection through the polluted air may also be
an alternative pathway. Eight sampling sites had been set up
in a traditional Chinese medicine plant, and 13 mites had been
isolated from the dust samples collected from the 640 L volume
of air in the working environment of the plant. When dust
with mites ingested, some of mites might go into intestine
through mouth, nasal cavity or gorge. The mites living in
intestinal tract may stimulate mechanically and damage
intestinal tissues with its gnathosoma, chelicera, feet, and other
structures[27,28]. In addition, they may also intrude into mucous
layer and deep tissues, and cause necroinflammation and
ulcers[29-33]. This has been approved in this study by colonoscopy,
with spotty necrosis, petechial hemorrhage and ulcer observed.
The most frequent symptoms of the intestinal acariasis were
abdominal pain, diarrhea and pyohemofecia [10, 34,45].
Urinary acariasis was caused by mites parasitizing in human
urinary tract. Mite isolation from urine is essential for its

diagnosis. In the present study, 1994 individuals with different
occupation were surveyed 69 patients found from their urine
samples, 17 mite species were identified, with most of them
being Acaridida. Apparently the pathogenic mites come from
environment. Regarding the transmission path, the following
possibilities have been proposed. First, the insects may enter
the urinary tract by crawling from vulva. Second, they may
enter the body through skin and reach urinary tract in some
way. Third, mites in respiratory or alimentary system may enter
the blood circulation, and reach kidney and urinary tract[46-50].
Acarid in human urinary system may damage urethral epithelia,
for the mites are good at digging. Furthermore, they can also
invade loose connective tissue and small blood vessel in urinary
tract, and caused an ulcer. Under cystoscopy, a lot of dense pink
abscess were found in trigone of urinary bladder in this study.
The incidence of intestinal and urinary acariasis was shown
in this study to vary greatly and was linked to occupations,
being higher in individuals working in traditional Chinese
medicine (16 %) and rice storehouses or mills (13 %) than in
those with other occupations (2.5-8.1 %). The densities of mites
in traditional Chinese medicine and rice storehouses were
shown to be high. When peoples exposed to these environment
for a long time, the possibility to be infected may be greater
than those in environments with low densities of mites. It is
important to note that some patients with acariasis have habits
of having teas immersed by traditional Chinese herbs, such as
Liriope longipedicellata, Radix glycyrrhizae, boat-fruited
sterculia seed, and eating dried kern like dateplum persimmon,
candied jujube and Crataegus cuneata. Therefore, the prevalence
of acariasis was related to personal habits and densities of mites
in working environment and stored foodstuffs.
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Abstract
AIM: To summarize the characteristics of patients suffered
from primary biliary cirrhosis associated with ulcerative colitis.
METHODS: To report a new case and review the literature.
RESULTS: There were 18 cases (including our case) of
primary biliary cirrhosis complicated with ulcerative colitis
reported in the literature. Compared with classical primary
biliary cirrhosis, the patients were more often males and
younger similar. The bowel lesions were usually mild with
proctitis predominated. While ulcerative colitis was diagnosed
before primary biliary cirrhosis in 13 cases, the presentation
of primary biliary cirrhosis was earlier than that of ulcerative
colitis in our new case reported here. The prevalence of
primary biliary cirrhosis among patients of ulcerative colitis
was almost 30 times higher than in general population.
CONCLUSION: Association of primary biliary cirrhosis with
ulcerative colitis is rare. It should be considered in the
differential diagnosis of hepatobiliary disease in patients with
ulcerative colitis, and vice versa.

times per day. Upon physical examination icterus was evident
on the skin and sclera. Hepatomegaly and splenomegaly were
found. Blood routine test revealed hemoglobulin 106 g/L, WBC
and platelet counts normal. ESR 78 mm/h. IgM elevated to
7.73 g/L, IgA and IgG normal. Liver function tests showed
ALT 81 U/L, AST 139 U/L, serum total bilirubin 223.2 umol/
L, direct bilirubin 138.3 umol/L and GGT 1042 U/L.
Cholesterol was 12.2 mmol/L. Immunological tests, by indirect
immunofluorescence were as follows: ANA, 1:10 positive,
anti-mitochondria antibody (AMA), negative, anti-LK (antiliver and anti-kidney) microsome antibody and anti-smooth
muscle antibody negative. Hepatomegaly, splenomegaly and
portal hypertension were seen in abdominal computed
tomography (Figure 1). No intra- and extrahepatic bile duct
abnormalities were found by ERCP. Liver biopsy disclosed
an increased portal inflitration consisting of lymphocytes,
plasmacytes, and scattered eosinophils with fibrosis and
pseudolobulation. Two portal areas had hyperplastic ductule.
The findings were compatible with PBC stage 3-4 (Figure 2).
Colonoscopy showed up to 20 cm continuous lesions of the
mucosa with numerous ulcers and adherent mucopurulent
exudate (Figure 3). Histological examination demonstrated loss
of goblet cells, neutrophilic microabscesses in the crypts, and
inflitration with mononuclear cells and plasma cells in the
lamina propria (Figure 4). Ulcerative colitis limited to
rectosigmoid was diagnosed. Ursodeoxycholic acid (UDCA)
was prescribed. One month later serum bilirubin and liver
function tests returned to normal. But diarrhea persisted and
sulfasalazine was given. The bowel symptoms were then
relieved.
Table 1 Review of patients of PBC associated with UCa
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Age
(yr)
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http://www.wjgnet.com/1007-9327/9/878.htm

3

1

F

65

Pancolitis, chronic

1/64

4

2

F

20

Proctitis

Strongly

4

3

M

22

Proctitis

1/160

4

4

M

44

Proctitis

1/320

4

5

F

28

Left-side colitis

1/200

5

6

F

49

Proctitis, chronic

Positive

pancreatitis

INTRODUCTION
A variety of hepatobiliary diseases have been described in
patients with ulcerative colitis (UC). The incidence is 3-15 %
with persistent abnormal liver function tests, and up to 90 %
with abnormal liver histology at surgery or autopsy[1]. These
include primary sclerosing cholangitis, pericholangitis of the
small bile ducts, chronic active hepatitis, cholangiocarcinoma
and cirrhosis. The association of primary biliary cirrhosis (PBC)
and UC has occasionally been reported [2-4]. We hereby
presented an additional case.
CASE REPORT
A 50-year-old woman was admitted to our hospital because of
skin pruiritus for two years. One year ago she was found to
have jaundice and examined in another hospital. The results
of all hepatitis virus test were negative, and she was diagnosed
as cryptogenic hepatitis. Six months ago she had diarrhea 2-3

myelocytic leukemia
6

7

F

45

Proctitis,chronic

Positive

7

8

M

40

Left-side colitis

1/160

8

9

F

48

Pancolitis, renal

1/160

pancreatitis

cell carcinoma
9

10

M

58

Proctitis

1/160

9

11

F

68

Proctitis

1/160

10

12

F

43

Pancolitis

>1/160

11

13

M

61

Proctitis

Positive

Present

14

F

50

Proctitis

Negative

a

Four cases with incomplete data were not shown here.
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Figure 1 Abdominal CT disclosed hepatomegaly, splenomegaly and portal hypertension.

Figure 2 Liver biopsy revealed portal inflitration of
lymphocytes, plasmacytes, and scattered eosinophils with fibrosis and pseudolobule (H&E, 10×10).

Figure 3 Colonoscopy showed continuous mucosal ulceration.
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DISCUSSION
Hepatobiliary diseases are commonly found in association with
UC. Primary sclerosing cholangitis (PSC) involved the large
bile ducts is the most common associated hepatopathology,
affecting 2.4-7.5 % of UC patients. PBC is another autoimmune
hepatobiliary disease similar to PSC. The typical features
include skin pruiritus, with hyperbilirubinemia, increased IgM
levels and hypercholesterolemia. AMA is present in about
95 % of patients, that is in about 5 % AMA is negative.
Cholangiogram is normal. Granulomatous inflammation of the
periportal areas is a typical finding. The clinical manifestation
and histologic features of our patient were compatible with
PBC, although AMA was negative.
PBC associated with UC is rare. There were 18 cases
(including our case) reported in the literature. In 4 cases from
Sweden and Taiwan data were incomplete. In the remaining
14 patients, their presentations were different from that of
typical PBC without UC (Table 1). It is well known that PBC
usually affects middle-aged women. The sex ratio is 10:1
(women to men), and the mean age at diagnosis was 57.5 years.
It is quite obvious that these figures differ in the patients of
table 1. The sex ratio was low (2:1) and the mean age was
younger similar to that of UC. In addition, UC was mild and
limited with proctitis predominating. Only 3 of 12 patients
had pancolitis. Similarly, UC associated with PSC tends to be
mild, but usually involving the whole bowel.
The prevalence of PBC in Europe is about 15/100 000. In
a cohort of 412 cases of UC, 2 cases of PBC were diagnosed
estimating the prevalence of PBC among these patients 485/
100 1 000, almost 30 times higher as compared with the general
population [2]. It is believed that both PBC and UC are
autoimmune disease, and have similar pathogenesis. Associated
autoimmune conditions are frequent in both PBC and UC. PBC
and UC may be an additional example of a true association
between syndromes of autoimmune etiology. But the detail
remains to be clarified. In 13 out of the 14 patients UC were
diagnosed many years before the diagnosis of PBC. Symptoms
of PBC usually presented during the active stage of UC. In
other words, PBC runs a course depending the activity of UC.
So most authors considered PBC as the extraintestinal
(hepatobiliary) manifestiation of UC. But in our case it is clear
that the presentation of PBC is earlier than that of UC. We
believe that UC also could be regarded as extrahepatic
manifestation of PBC.
Treatment of these patients presents some difficulties.
Prednisolone, which is indicated for the treatment of the active
stage of UC, might lead to extensive osteroporosis in PBC.
But as mentioned above, UC associated with PBC is usually
mild, so sulfasalazine is the first choice. If the presentation of
PBC is evident, UDCA could be added.
In conclusion the reported association between UC and PBC
is rare, and it has not yet been established whether it occurs
coincidently or is due to a common immunogenetic basis. PBC
should be considered in the differential diagnosis of
hepatobiliary disease in patients with UC, and vice versa. Liver
biopsy and serum AMA are two diagnostic criteria that clearly
distinguish PBC from PSC.
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Abstract
The congenital H-type fistula between the anorectum and
genital tract besides a normal anus is a rare entity in the
spectrum of anorectal anomalies. We described a girl with
an anovestibuler H-type fistula and left vulvar abscess. A
40-day-old girl presented symptoms after her parents noted
the presence of stool at the vestibulum. On the physical
examination, anus was in normal location and size, and had
normal sphincter tone. A vestibuler opening was seen in
the midline just below of the hymen. A fistulous
communication was found between the vestibuler opening
and the anus, just above the dentate line. There was a
vulvar abscess which had a left lateral vulvar drainage
opening 15 mm left lateral to the perineum. After the
management of local inflammation and abscess, the patient
was operated for primary repair of the fistula. A protective
colostomy wasn’t performed prior the operation. A profuse
diarrhea started after 5 hours of postoperation. After the
diarrhea, a recurrent fistula was occurred on the second
postoperative day. A divided sigmoid colostomy was
pe rformed . 2 mon ths late r, and anterio r sagital
anorectoplasty was reconstructed and colostomy was closed
1 month later. Various surgical techniques with or without
protective colostomy have been described for double
termination repair. But there is no consensus regarding
surgical management of double termination.
Yazlcl M, Etensel B, Gürsoy H, Özklsaclk S. Congenital H-type
anovestibuler fistula. World J Gastroenterol 2003; 9(4): 881-882
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INTRODUCTION
The congenital H-type fistula between the anorectum and
genital tract without anal atresia is a rare entity in the spectrum
of anorectal anomalies. This type of anomaly has been termed
as “double termination” of the alimentary tract in girls[1-3]. Most
of the fistulas localized between the anorectum and vestibule
of the vagina, and this type anomaly was described as Perineal
Canal[1,2, 4-6]. We described a 40-day-old girl with a congenital
anovestibuler H-type fistula complicated with a vulvar abscess.
CASE REPORT
A 40-day-old girl referred to our university medical center
with a passage of stool through vestibulum as well as through
the normal anal passage from birth. She had been swelling
and tenderness on her left vulvar region for one week. On the
physical examination, anus was at the normal location and size,

and it had normal sphincter tone. A vestibuler opening was
found in the midline just below of the hymen. With insertion
of an 8 Fr catheter through the vestibuler opening, a fistulous
communication was detected between the vestibule of the
vagina and the anus at the dentate line. Nearly 3 mm to the left
side of this opening, there was a second opening about 3 mm
in diameter. A metal sound was inserted through this opening
and it was found that it had a subcutaneous continuity with a
vulvar abscess. This abscess was detected to drain through a
cutaneous opening 15 mm lateral to the perineum (Figure 1).
No associated anomaly was detected.

Figure 1 8 Fr catheter was placed in the perineal canal and
metal sound was passed through vestibuler and cutaneous
openings of the abscess.

After the management of local inflamation and abscess, the
patient was operated for primary repair of the fistula. The
bowel preparation was performed with saline enemas. A
protective colostomy was not performed either prior or during
the definitive operation. We used the technique of anterior
sagittal anorectoplasty described by Kulshrestha et al. in 1998[1].
At the operation, a metal sound was passed through the fistula
from the vestibule of the vagina into the anal canal in the
lithotomy position. Then the perineal body that remained over
the sound vertically was incised. This incision included skin,
subcutaneous tissue, a few fibers of external sphincter muscle,
wall of the fistulous tract and anal canal mucosa. The mucosa
of the opened fistulous tract was dissected off the underlying
muscle. Then, perineal reconstruction was performed by
stitching the vestibule, perineal body, sphincter muscle and
the anorectum with interrupted 4/0 PDS sutures. Perineal skin
was closed with 4/0 Prolene. Five hours following the transfer
of the patient to the ward, a profuse diarrhea started resulting
in 16 def ecation s o n the first p o stop erativ e d ay .
Unfortunately, this caused a partial breakdown of the wound
on the second postoperative day, which caused the recurrence
of the fistula. And the divided sigmoid colostomy was
performed.
Two months later, we operated with the same technique
and this attempt was successful. One month following the
repair of the fistula, we closed her colostomy and started a
rectal dilatation program. Her first year postoperative followup was uneventful.
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DISCUSSION
The incidence of double termination among female anorectal
malformations ranged between 4-14 % in different Asian
series[1,5-8]. On the basis of Wingspread classification, these Htype fistulas were divided into three groups according to their
level. Low type double termination included cases in which
the fistula was lying between the anal canal and the vestibule
and this was named as “perineal canal”. In the intermediate
type, communication was found between the rectum and the
vestibule. High type of double termination consisted of a fistula
between the rectum and the vagina[1]. Our case had a low type
double termination and an abscess which was detected in her
vulvar region complicated her anomaly. When we reviewed
the cases reported in the literature, we found out that Rintala
et al. reported vulvar abscess formation in three girls with
double termination[2]. In another report by Brem et al. abscess
formation was claimed to be secondary to the infection in either
a congenital blind-ending sinus or an existing fistula leading
to additional openings[9].
On the other hand, high type of vestibuler fistula demands
a more specific operation and it may be named as
vestibulorectal pull-through procedure. Without protective
colostomy, this type of repair is reported to have a fairly high
recurrence rate[7]. Various surgical techniques have been
described for low-type double termination repair. These
techniques were utilized either with or without protective
colostomy in different series. Chatterjee described a simple
perineal procedure without colostomy and with good results[3].
Tsuchida et al did not use diversion during definitive procedure
they named as “pull-through of the anterior wall of the rectum”
in 3 of his 7 cases with perineal canal. Their results were
satisfactory for both diverted and non-diverted cases. However,
they were not as successful as above with their cases managed
with another different simple repair technique and without
diversion [5]. Kulshrestha et al. described anterior sagittal
anorectoplasty in 1998 as a surgical technique for all types of
double termination without colostomy and without no
complications[1]. This series which were the most recent and
had a successful outcome for the repair of perineal canal
directed us to prefer this technique in our series. Furthermore,
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avoiding a colostomy in using this technique was another major
factor for our selection.
Unfortunately, our case’s fistula recurred. This may have
resulted not from insufficiency of the technique, but from some
factors that did not take place in Kulshrestha’s series. A major
reason for breakdown of the repair may be due to the
unexpected and unwanted profuse diarrhea of the patient that
started after 5 hours of the post-operation. The sufficiency of
the technique may be thought of when one thinks that in the
redo operation, it was proved to be a good result.
In conclusion, it is believed that definitive repair can be
performed without protective colostomy when no abscess
formation is present in the vulvar region. If an abscess is
detected, it should be well managed before the operation.
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Abstract
We reported a case of 79-year old woman with known large
bowel diverticulosis presenting with small bowel obstruction
due to stone impaction - found on plain abdominal X-ray.
Contrast studies demonstrated small bowel diverticulosis.
At laparotomy, the gall bladder was normal with no stones
and no abnormal communication with small bowel - excluding
the possibility of a gallstone ileus. Analysis of the stone
revealed a composition of bile pigments and calcium oxalate.
This was a rare case of small bowel obstruction due to
enterolith formation - made distinctive by calcification
(previously unreported in the proximal small bowel).

sigmoid diverticular disease and had been admitted only once
previously for suspected diverticulitis. She appeared
dehydrated with fever of 37.6 degrees. Her abdomen was
distended but soft with some central and left-sided tenderness.
Bowel sounds were heard and digital rectal examination was
unremarkable. Blood tests revealed a white cell count of
21.6×109/L without other abnormality. A plain abdominal film
demonstrated opacity on the left side (Figure 1) and a
gastrografin study revealed numerous small bowel diverticula
of varying sizes. The opacity now was presumed to be a stone,
was noted within the small bowel (Figure 2).

Hayee B, Khan HN, Al-Mishlab T, McPartlin JF. A case of
enterolith small bowel obstruction and jejunal diverticulosis.
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INTRODUCTION
Diverticulosis of the small bowel (excluding Meckel’s) is
uncommon - being found in less than 5 % of post-mortem
examinations, although the prevalence increases with age[1].
The condition can be complicated by diverticulitis,
haemorrhage or perforation[2,3]. Small bowel obstruction due
to an enterolith formed and extruded from a diverticulum is a
rare complication[4-6].
Enteroliths form in small bowel diverticula either de novo
or around a central nidus such as a fruit stone or undigested
vegetable matter (the latter is termed a bezoar). The usual
composition of true enteroliths is choleic acid[7] - an end product
of bile salt metabolism - postulated to form as a result of acidic
pH shift within a small bowel diverticulum. Radiological
diagnosis of such stones is rare, unless calcified (which
usually occurs only in the more alkaline ileum)[7]. Diagnosis
is therefore made at laparotomy with the presence of the stone,
diverticula and the finding of a normal gall bladder (excluding
a gallstone ileus). It is unclear how stones are extruded from
small bowel diverticula lacking a muscular coat, but larger
stones will be extruded and pass distally to cause obstruction
- an enterolith ileus.
CASE REPORT
A 79-year-old lady presented with a two-day history of
vomiting and central, colicky abdominal pain. She had been
constipated prior to this episode and had taken senna with only
a little effect on the previous day. She had a known history of

Figure 1 Radio-opaque stone was clearly seen in the plain
abdominal radiograph (arrow).

Figure 2 Contrast study (105 mins) demonstrated multiple
jejunal diverticula and minimal passage of barium beyond the
mid-jejunum. Stone was still visible (arrow).

At laparotomy, the presence of large jejunal diverticula was
confirmed and the stone was found impacted in the mid-
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jejunum. The gall bladder appeared normal without stones.
The stone approximately 3×4 cm and weighing 10.60 g appeared
greyish and hard which was removed via a small enterotomy
close to it. The patient made a good recovery from operation,
delayed only by post-operative nausea. Analysis of the stone
revealed a composition of bile pigments and calcium oxalate.

DISCUSSION
We reported the first case of proximal small bowel obstruction
due to a calcified enterolith. It is postulated that diverticulas
provide the more acidic environment necessary for choleic acid
precipitation and stone formation[7]. However calcification
cannot occur without an alkaline pH shift, which normally
occurs in the ileum. Our case confirmed calcification occurring
in the proximal small bowel which made this theory less
definitive but facilitated the diagnosis.
The consensus management of enterolith ileus at laparotomy
is to first attempt manual lysis of the stone without enterotomy
and to milk the smaller parts into the colon where they are passed
through rectum [8]. If this is proved to be impossible or
inappropriate, the stone is removed through an enterotomy which
is made in a less edematous segment of proximal small bowel.
The rarity of enterolith small bowel obstruction is well
recognised with the condition occurring in conjunction with
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cases of diverticulosis. However the diagnosis should be
considered in patients presenting with clinical features of small
bowel obstruction without evidence of previous abdominal
surgery or incarcerated hernia.
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Abstract
AIM: To explore the properties of hypervariable region 1
(HVR1) in the envelope 2 gene of hepatitis C virus by
analyzing the reactivity of HVR1 fusion proteins from different
Chinese HCV strains with sera of patients with chronic
hepatitis C and by comparing their reactivity between
interferon therapy responders and non-responders.
METHODS: Gene fragments of HVR1 of four HCV strains
(three genotype 1b and one genotype 2a) were amplified
from pGEMT-E2 plasmids and sub-cloned into pQE40
vectors respectively to construct recombinant expression
plasmids which expressed HVR1 fused downstream to
DHFR in Escherichia coli strain TG1. The purified DHFRHVR1 proteins were then used to detect the anti-HVR1
antibodies in 70 serum samples of patients with chronic
hepatitis C.
RESULTS: Four DHFR- HVR1 fusion proteins were
successfully expressed in E.coli (320-800 ug fusion proteins
per 100 ml culture). Each fusion protein (SH1b, BJ1b,
SD1b and SD2a) reacted with 72.8 % (51/70), 60 % (42/
70), 48.6 % (34/70), and 58.6 % (41/70) of the anti-HCV
positive patients’ sera respectively by ELISA. 57.1 % (4/
7) of non responders reacted with all four HVR1 fusion
proteins, while only 15.3 % (2/13) of responders reacted
with all of them. The O.D. values of sera from IFN therapy
responders were significantly higher than those of non
responders (P<0.05).
CONCLUSION: The selected HVR1 fusion proteins
expressed in E. coli can broadly react with HCV-infected
patients’ sera. The intensity and/or quality of the immune
response against HCV may be a critical factor determining
the response to interferon treatment. With the evolution of
virus strains, anti-HVR1 antibodies can not neutralize all the
quasispecies. A polyvalent and high immunogenic vaccine
comprising a mixture of several HVR1 sequences that cover
the reactivity of most HCV isolates may be useful.
Zhang XX, Zhang SY, Liu J, Lu ZM, Wang Y. Expression of
hepatitis C virus hypervariable region 1 and its clinical
significance. World J Gastroenterol 2003; 9(5): 1003-1007
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INTRODUCTION
Hepatitis C virus (HCV) is the major etiologic agent of blood
transfusion-associated and sporadic non-A non-B hepatitis
worldwide. About 70 % of the infections become chronic, among
which a significant proportion eventually develops cirrhosis and
hepatocellular carcinoma. Despite recent success after the
combination therapy with Interferon-α and ribavirin[1-3], about
60 % of patients still fail to respond. Thus, the development of
HCV vaccine is especially important, but it remains an urgent
challenge due to the high mutation rate of HCV.
Multiple lines of evidence indicate that one of the principal
neutralization determinants corresponds to the hypervariable
region 1 (HVR1), which is located in the amino-terminus of
E2 of HCV (nt1150-1230). Zibert et al[4] found that an early
appearance of antibodies directed to HVR1 is associated with
acute self-limiting infection of HCV, while the persistence of
HVR1 antibodies is associated with chronic HCV infection.
Antibodies against HVR1 have been shown to block adsorption
to susceptible cells in vitro[5,6]. Animal antibodies raised against
this region have provided effective prophylaxis in chimpanzee
challenge experiments[7-9], but attempts to develop a HVR1
vaccine against HCV were hampered by the frequent mutations
of HVR1. Although anti-HVR1 antibodies react with HVR1
proteins specifically, a single fraction of antibodies has
potentiality to react with more than one HVR1 protein sharing
a similar amino acid sequence[10]. Theses findings suggest that
HVR1 may play an important role in the prevention of HCV
infection.
Our previous study [11] analyzed the variability of HCV
envelope region in 12 dominant strains from different cities of
China and predicted the immunogenicity with computer
programs, demonstrating that genotypes and epidemic areas
should be considered when identifying the cross-reactive
epitopes for vaccine design. In this study, we selected four
HCV strains of two genotypes from three regions (Shanghai,
Beijing and Shandong) of China according to the results of
the variant analysis and immunogenicity prediction of the
envelope region in Chinese HCV strains. The gene fragments
of HVR1 were amplified from four corresponding pGEMTE2 plasmids and sub-cloned into pQE 40 vectors respectively
to construct four recombinant prokaryotic expression plasmids
that can express HVR1 as fusion proteins with DHFR. The
purified DHFR- HVR1 proteins were then used to detect the
anti-HVR1 antibodies in sera of patients with chronic hepatitis
C to further explore their antigenicity and analyze the different
reactivity between IFN therapy responders and non-responders.
MATERIALS AND METHODS
Patients
Fifty HCV-infected patients were studied, who were all antiHCV positive by commercial anti-HCV assays (third
generation of enzyme-linked immunosorbent assay [ELISA],
Abbott, North Chicago, IL). Of these, 20 patients received
interferon (IFN) therapy, Roferon (Roche, Switherland), 3
million units three times a week for 6 months. 13 patients who
showed negativity of serum HCV RNA and normalization of
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alanine aminotransferase (ALT) level after cessation of IFN
were considered as responders, while the other 7 patients who
remained HCV RNA positive and/or presented fluctuation of
ALT were designed non responders (Table 1). Quantitation
of serum HCV RNA was performed using commercial kit
from Fu Hua Gene Company, Shanghai. Informed consent
was obtained from all the patients, and study protocol was
approved by the committee on human ethics. 20 healthy blood
donors who were anti-HCV negative were also analyzed as
negative control.
Table 1 Characteristics of chronic hepatitis C patients treated
with IFN-α
Responders
Number
Age (Yr)
Sex (F/M)
Known duration of infection (Yr)
Baseline ALT (IU/ml)
Baseline viral load (copies/ml)

13

Non responders
7

41

40

5/8

2/5

10.6
185
4.37×106

9.9
126 (P=0.1660)
2.92×106 (P=0.6908)

Methods
Construction of recombinant expression plasmids Part of
E2/NS1 regions was cloned from sera of the patients and
sequenced as described before [11]. From these plasmids
pGEMT-E2, DNA fragments containing HVR1 (nt1150-1233,
aa384-411) were amplified by PCR. The primers for HCV
str ain Sh an g h ai 1 b ( SH1 b ) , sen se: n t1 1 5 0 - 1 1 6 1 ,
5’TTAGATCTGCAACCTACACG3’, anti-sense: nt12251233, 5’CCCAAGCTTAGATTTTCTG3’; the primers for
strain Beijing 1b (BJ1b), sense: nt1150-1161,
5’TTAGATCTGGCACCTATACG3’, anti-sense: same as
SH1b; the primers for strain Shandong 1b (SD1b), sense:
nt1150-1159, 5’TTAGATCTGAGACCCGTG3’, anti-sense:
same as SH1b, and the primers for Shandong 2a (SD2a), sense:
nt1150-1159, 5’TTAGATCTAGCACCCACG 3’, anti-sense:
nt1225-1233, 5’CCCAAGCTTAGATGTTCTG3’. The PCR
products were purified and ligated into the Hind III, Bgl II
sites of the expression vector pQE40 which allows fusion of
HVR1 encoding sequences downstream to the murine
dihydrofolate reductase (DHFR) with a N-terminal 6×His tag.
The recombinant plasmids were identified by digestion with
Hind III and Bgl II. The inserts were then sequenced to ensure
that the DNA encoded the authentic HCV sequence. The
identified plasmids were named as pQE40-HVR1-SH1b, BJ1b,
SD1b and SD2a respectively.
Expression and purification of the fusion proteins The
recombinant plasmids and pQE40 vector were transformed to
E.coli strain TG1.DHFR-HVR1 fusion proteins were expressed
by induction with 1 mmol/l isopropyl-β-D-thiogalactotyranoside
(IPTG) in 100 ml of LB/ampicillin media cultured at 37 with
vigorous shaking. After 6 h of induction, cells were harvested
by centrifugation at 4 and 5 000 g for 30 min.
Harvested cells were re-suspended in 10 ml of 8M urea/
20mM β-ME/PBS pH8.0, and cell disruption was performed
using an ultrasound sonication method. After centrifugation
at 20 000 g and 4 for 30 min, the supernatant was saved for
purification on Ni2+-nitrilotriacetate (NTA)-agarose (Qiagen)
according to manufacture’s instructions at room temperatures.
Denatured crude extract was allowed to bind to Ni2+-NTAagarose pre-equilibrated in 8M urea/20mM β-ME/PBS pH8.0
for 2 h. The gel matrice were then washed with the same
solution pH6.3 and gel-bound proteins were eluted with that
of pH4.3.
The purified fusion proteins were run on 12 % sodium
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dodecyl sulfate -polyacrylamide gel electrophoresis (SDSPAGE) for identification. For protein visualization and
quantification, gels were stained with Coomassie brilliant blue
(Sigma). The purity and yield of recombinant proteins were
calculated from densitometric scanning results by comparing
with known quantity of BSA (Bio-Rad) run on the same gel.
ELISA The plates were coated with four purified fusion
proteins respectively or combined at of 0.2 µg/well for 1 hour
at 37 and then overnight at 4 in carbonate buffer pH 9.5.
After blocking with 1 % BSA for 1 hour at 37 , sera were
dispended in wells at a dilution of 1:20 and incubated for 45
min at 37 , followed by washing. HRP conjugated goat antihuman IgG (Sino-American Biological Company) diluted
1:8 000 was then added and plates were incubated for 45 min
at 37 . After washing, the color was developed using TMB
according to standard procedures, and the optical density values
were measured at 450nm (OD450) in automatic photometer
(Wellscan K3, Labsystem Company).

Statistical analysis
The results were analyzed by the t test. In all analyses, a P
value less than 0.05 was considered statistically significant.
RESULTS
Construction of the recombinant plasmids
Four recombinant plasmids expressing HVR1 fused with
DHFR were constructed as described in methods. Obtained
clones were digested with Hind III and Bgl II, 95bp fragments
of HVR1 coding sequences could be detected from each of
them (Figure 1). Automatic sequencing confirmed that the
inserted HVR1 fragments corresponded to reported data
(Figure 2). The reading frames of the recombinant plasmids
were correct.

2 000bp
1 000bp
500bp
250bp
100bp

M

1

2

3

4

5

Figure 1 Digestion of the recombinant plasmids with HindIII
and Bgl II. M is DNA marker (DL 2000). Lane 1-lane 4 show
four recombinant plasmid digestion results, SH1b, BJ1b, SD1b
and SD2a respectively. Lane 5 is the control (pQE40).
HV R1 -SH 1b

GCA AC CTA CA

CG AC GGG GG G

GGC GGC TTCC

CACAACACCC
HVR1-BJ1b -GC-----T-

----------

----CAGGG-

HVR1-SD1b -AG---CGTG

T---------

HVR1-SD2a AGC---C--G

TC--T--T--

-GTGC-----

--T-CAAAGCATT---G-G

T-T-C-CT--G-GC-G--A

HVR1-SH1b GGGGGTTTAC GTCCCTCTTT AGTTCTGGGT CGCAGCAGAA
HVR1-BJ1b A---CC-C--

----------

TCACG-----

HVR1-SD1b ----CC-C--

----------

-CG------C

HVR1-SD2a -CA-T--CGT

CAG-T-GC-C

--GCT-----AGCT-----

-CCC---ACG

-TA-A-----

HVR1-SH1b A
HVR1-BJ1b HVR1-SD1b HVR1-SD2a C

Figure 2A The nucleotide sequences of the four HVR1 frag-
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Figure 2B Deduced amino acid sequence of the HVR1 fragments in pQE40-HVR1. Sequences are shown with a singleletter amino acid code where residue is different from the consensus sequence of genotype 1b defined by Hattori et al, and
with a dash where residue is identical.

Expression and purification of the fusion proteins
The proteins expressed in transformed E. coli were analyzed
by SDS-PAGE. The fusion proteins migrated as an
approximately 28 kDa band, approximately 3 kDa larger than
DHFR (Figure 3A), in accordance with the fusion of 28 aa
HVR1. Figure 3B shows the SDS-PAGE result of four purified
fusion proteins and DHFR. The concentrations estimated by
BSA grades are 0.4-1.0 µg/µl, so about 320-800 µg of purified
protein can be obtained from every 100 ml of bacteria culture.

Each fusion protein (SH1b, BJ1b, SD1b and SD2a) reacted
with 72.8 % (51/70), 60 % (42/70), 48.6 % (34/70), and 58.6 %
(41/70) of the anti-HCV positive patients respectively. SH1b
was the most broadly reactive fusion protein. 91.4 % (64/70)
of the tested sera reacted positively with one or more fusion
proteins, and among these, 89.1 % (57/64) can react with more
than one fusion proteins, 20.3 % (13/64) samples of these sera
were shown to react with all four fusion proteins.
The reactivity of sera was compared between responders
and non-responders in 20 patients who received interferon
therapy (Table 2). The reactive rates of sera with the four fusion
proteins were higher in non-responders than in responders
before interferon therapy, but there was no statistical
significance. 57.1 % (4/7) of non-responders reacted with all
four DHFR-HVR1 fusion proteins, while only 15.3 % (2/13)
of responders react with all of them (Figure 4). With the three
fusion proteins (SH1b, BJ1b and SD2a), the ODs of the serum
reactivity of the non-responders were higher than those of
responders, and the difference had statistical significances
for the four mixed proteins between the two groups of patients
12
(P<0.05) (Figure
5).
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Detection of anti-HVR1 Ab in HCV infected patients’sera
Anti-HVR1 antibodies were detected in 70 serum samples from
50 patients with chronic hepatitis C (sera were tested before
and after IFN therapy for 20 patients) using the four DHFRHVR1 fusion proteins respectively. None of the healthy blood
donors, who were anti-HCV negative, was anti-HVR1 positive.
Anti-HCV seronegative healthy donors had mean OD450 value
of 0.06. Sera were scored positive showing OD value >0.2
(cut off = 3 time mean neg + 10 %) in at least two experiments.

Reactivity of anti-HVR1
antibody (OD/CUT OFF)

Figure 4 The serum of hepatitis C patients reacted with different numbers of HVR1 fusion proteins. A shows that the sera of
IFN responders reacted with 0-4 kinds of HVR1sequence; B
shows that the sera of IFN non-responders reacted MIX
with 1-4
P=0.0358
SH1b
BJ1b
SD1b
SD2a
kinds of HVR1sequnce.
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(IFN-non responders). For the mixed fusion proteins, the values (OD/CUT OFF) of the responders’ sera were significantly
higher than those of non-responders (P=0.0358).
Table 2 The serum reactive rates of chronic hepatitis C patients
with the four HVR1 fusion proteins before IFN therapy
Proteins
SH1b
BJ1b
SD1b
SD2a
MIX

Responders(13)

Non responders(7)

Total(20)

69.2 %(9/13)
53.8 %(7/13)
30.8 %(4/13)
69.2 %(9/13)
69.2 %(9/13)

85.7 %(6/7)
57.1 %(4/7)
71.4 %(5/7)
71.4 %(5/7)
71.4 %(5/7)

75 %(15/20)
55 %(11/20)
45 %(9/20)
70 %(14/20)
70 %(14/20)

DISCUSSION
Antibodies against HVR1 of the main envelope protein of HCV
are hypothesized to be neutralizing, but frequent mutation in
HVR1 is driven by the host’s humoral immune response[12]
and is a major mechanism of viral persistence by escaping
host immune recognition[13,14]. The relationship between the
severity of liver diseases and the molecular evolution of HCV
during chronic infection remains unclear and controversial[15].
HVR1 has the potential to provide a viral antigen for vaccine
development, and the cross-reactivity of HVR1 sequences is
an essential consideration in the development of a broadly
protective vaccine to prevent HCV infection. Cerino et al[16]
reported that the appearance of anti-HVR1 is earlier than antiE2, and the early appearance of anti-HVR1 antibodies may be
predictive of the later clearance of HCV. It has also been found
that HVR1 sequences could induce anti-HVR1 antibodies
capable of reacting with many HVR1 sequences in vitro other
than the original immunogen sequence[17]. It might be the
conserved sub-regions in HVR1 sequences that determined
the observed immunological cross-reactivity, by which it may
eventually be possible to develop a polyvalent vaccine using a
mixture of several HVR1 sequences that cover the reactivity
of most HCV isolates.
Synthetic HVR1 peptides have been used in many studies,
but this method is too expensive to be used widely. Hattori et
al[10] successfully expressed HVR1 (aa383-410) as fusion
proteins with GST (about 32kDa) in E.coli DH5α, and each
fusion protein reacted with 36.1 % to 59.3 % of HCV infected
patients’ sera. Others reported different reactivity of chronic
hepatitis C patients’ sera with HVR1 proteins from 15 % to
67 %[18,19]. In this study, we selected four HCV strains of two
genotypes from our previous reported clones (SH1b, BJ1b,
SD1b and SD2a), because the HVR1 fragments in these four
strains was predicted to have higher hydrophilicity and possess
2-3 immunogenic epitopes in each of them[11]. We used pQE40
vector to express HVR1 fused with DHFR in E.coli. pQE40 is
constructed for expression of N-terminally 6×his-tagged
DHFR-fusion proteins and is recommended for expression of
poorly expressed proteins or short peptides. DHFR could
enhance both stability and antigenicity of the fusion protein,
while DHFR itself displays little immunogenicity[20].
The reactivity of the fusion proteins with HCV-infected
patients’ sera, especially SH1b was higher than most reports.
We selected the HVR1 sequences according to computer
prediction. The reason that the selected HVR1 sequence reacted
with a considerable proportion of HCV-infected patients’ sera
may be that cross-reactive antibodies react with the different
HVR1 proteins through common epitopes, as suggested by
Scarselli et al[21]. It might also be the consequence of exposure
to multiple strains of HCV.
HCV genotype and the baseline level of viremia have been
pointed out as the most important predictive factors of
responsiveness to IFN therapy[22]. However, several studies
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suggested that other factors, such as the heterogeneity of virus
population[23] and replication in PBMC[24], might also influence
the effectiveness of therapy. Like most RNA viruses, HCV
circulates in the human host as a complex population of
different but closely related viral variants, commonly referred
to as quasispecies[25]. It has been suggested that a reduction in
genetic diversity leading to an increasingly homogeneous viral
population in the envelope genes, and especially in the HVR1
of the E2 gene, is likely to be the result of a more successful
and balanced cellular and humoral immune response [26],
which can be observed in IFN therapy responders with viral
clearance[27,28]. It was also reported that the broad reactivity of
serum anti-HVR1 antibodies correlated with viral loads and
response to IFN in genotype-1b-infected patients[10]. But Del
porto et al[29] found that the frequency of anti-HVR1 T cell
response was significantly higher in patients who recovered
after IFN therapy than that in those who did not, while no
difference in the anti-HVR1 antibody reactivities were detected.
In our study, the reactive rates of the four HVR1 fusion proteins
with patients’ sera were higher in non-responders than those
in responders, although there was no statistical difference,
which might be due to insufficient number of patients.
Meanwhile, 57.1 % (4/7) of non responders reacted with all
four HVR1 fusion proteins, while only 15.3 % (2/13) of
responders reacted with all of them. These facts suggested that
the genetic diversity of HCV was greater in non responders
than that in responders. The broad cross-reactivity of antiHVR1 anti-bodies causes the inefficiency of neutralizing
activity as proposed by the theory of “viral antigenic sin”[21,30].
According to this theory, after the exposure to the first
immunodominant and cross-reactive virus strain, patients
produce not a new antibody to the second related virus strain,
but an antibody to the original antigen, which is inefficient to
neutralize the new variant. The findings that the serum reactive
rates with the four HVR1 fusion proteins were higher in non
responders than in responders may be interpreted by this theory.
On the other hand, the O.D. values of anti-HVR1 antibodies
were higher in responders than those in non responders. This
reflected the immune status of these patients and implied that
the pre-therapy immune response is a major factor determining
eventual virus elimination as suggested by others[31,32].
In conclusion, the selected HVR1 fusion proteins expressed
in E. coli can broadly react with HCV-infected patients’ sera.
The intensity and/or quality of the immune response against
HCV could be a critical factor determining the response to
treatment. With the evolution of virus strains, anti-HVR1
antibodies could not neutralize all the quasispecies. A
polyvalent and high immungenic vaccine combining a mixture
of several HVR1 sequences that cover the reactivity of most
HCV isolates might be useful.
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Abstract
AIM: To investigate the anti-virus infection activity of internal
ribosome entry site (IRES) specific inhibitor RNA (IRNA).
METHODS: IRNA eukaryotic vector pcRz-IRNA or mIRNA
eukaryotic vector pcRz-mIRNA was tansfected into human
hepatocarcinoma cells (HHCC), then selected with neomycin
G418 for 4 to 8 weeks, and then infected with polio virus
vaccinas line. The cytopethogenesis effect was investigated
and the cell extract was collected. At last the polio virus titer
of different cells was determined by plaque assay.
RESULTS: Constitutive expression of IRNA was not
detrimental to cell growth. HCV IRES-mediated capindependent translation was markedly inhibited in cells
constitutively expressing IRNA compared to control hepatoma
cells. However, cap-dependent translation was not
significantly affected in these cell line. Additionally, HHCC
cells constitutively expressing IRNA became refractory to
infection of polio virus.
CONCLUSION: IRES specific IRNA can inhibit HCV IRES
mediated translation and poliovirus replication.
Liang XS, Lian JQ, Zhou YX, Nie QH, Hao CQ. A small yeast
RNA inhibits HCV IRES mediated translation and inhibits
replication of poliovirus in vivo. World J Gastroenterol 2003; 9
(5): 1008-1013
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INTRODUCTION
IRES is one of the key structures of some virus such as poliovirus
and hepatitis C virus. The structure stability and integrality of
IRES are crucial for the virus life cycle[1-8] . IRNA is one IRES
specific yeast small RNA. We constructed the human hepatoma
cells constitutively expressing the IRNA. Using polio vaccine
virus infected the cells, we demonstrated that the cells expressing
IRNA became refractory to infection of poliovirus.
MATERIALS AND METHODS
Materials
Human hepatocarcinoma cell (HHCC) was grown in

RPMI1640 medium supplemented with 100 mL/L newborn
calf serum. PV I tenuate vaccinias line (Third Department of
vaccinia, Chinese Drug and Bioproduct Identified Agent) was
amplified in Hep2 cells, and the virus titer was calculated by
plaque assay.

Methods
Plasmid construction By using subcloning methods, the
IRNA and mIRNA sequence were cloned into the pcDNA3
vector, yielding pcRz-IRNA and pcRz-mIRNA which
introduced the ribozyme sequence over the both sites of IRNA
and mIRNA to generate the correct site of IRNA and mIRNA.
In summary, by using PCR methods the sequences of target
RNA were generated from pGRz-IRNA or pGRz-mIRNA
which were constructed by our laboratory. Then the PCR
product was cloning into the BamHI-ApaI sites of the
pcDNA3 vector.
Construction of HHCCs expressing IRNA or mIRNA
Plasmids pcRz-IRNA and pcRz-mIRNA were transfected into
HHCC cells respectively by using Lipofectamine 2000 reagent
(GIbco) and screened for neomycin resistance with 300 µg of
G418 (Invitrogen) per milliliter for 4 weeks. The antibioticresistant cell clones were harvested and further screened by
dilution titer. The control cells were also prepared by using
similar method using plasmid pcDNA3.
Detection of IRNA/mIRNA in the cells IRNA or mIRNA
expression in the cells was measured by isolating total RNA
from these cells and the IRNA or mIRNA were detected by
reverse transcriptase (RT)-mediated PCR (RT-PCR) by using
IRNA or mIRNA specific oligonucleotide primers.1 to 2 µg
of total RNA isolated from the IRNA or mIRNA expressing
cells, and 2 µg total RNA from HHCC control cells were
reversely transcribed by murine leukemia virus RT using
random hexamer primers in a 20 µl reaction mixture according
to the TaKaRa RNA PCR kit protol. 20pmol of each primer
(corresponding to 5’ nt 1 to 20 and 3’ nt 1 to 20 of the IRNA
or mIRNA sequence) was used to amplify the 60-nt fragement
in a 100 µl PCR reaction. The cycling parameters were as
for 1 min; annealing, 65
for
follows: denaturation, 95
1 min; extrension, 72 for 1 min, total extrension, 72 for
10 mins; a total of 50 cycles.Twenty microliters of each reaction
product were loaded onto 20 g/L gel and visualized by ethidium
brominde staining.
Detection of cell protein levels by laser confocal microscopy
Monolayers of HHCCs were plated on cover glass and fixed
with pure ethanol for 10 mins. Monoclonal antibody of β-actin
was properly diluted and covered on the glass with HHCC
cells for 1h at 37 , and then the glass was washed with PBS
3 times (10 mins each). Then FITC labeled second antibody
was covered on the glass at 37
for 1 h and the glass was
washed with PBS 3 times again. At last the cells were examined
by using the laser confocal microscopy.
Plaque assay Plaque assay were performed as described
below. HHCCs (106 cells) were infected with PV I tenuate
line, and after 72 h, cytopathic effect was observed and cell
extracts were prepared. Two hundred microliters of cell extracts
was used to further infect Hep2 cells (5×10 6 cells in 60
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millimeter diameter plates). After 3 days of inoculation at
37 , the plaques were developed by staining with 10 g/L
crystal violet.
Mobility shift electrophoresis assay Fifty micrograms of
rabbit reticulocyte lysate (RRL) was preincubated at 30 for
10 mins with 4 µg of poly (dI-dC) (Pharmacia) in a 15 µl
reaction mixture containing 5 mmol/L HEPES (N-2hydroxyethylpiperazina-N’-2-ethanesulfonic acide) (pH 7.5),
25 mmol/L KCl2, 2 mmol/L MgCl2, 38g/L glycerol, and 2
mmol/L dithiothreitol. For competition experiments, 25 to 50fold excess of unlabeled competitor RNAs were added to the
reaction mixture and incubated for 10 min at 30 . Finally, 5
to 10 fmol of labeled RNA probes were added to respective
reaction mixture and incubation was continued for another
30 min at 30 . The nonspecific RNA used in competition
assay was the sequence of the polylinker region of the pGEM
3Z vector (Promega). Three microliters of gel loading dye
was added to the reaction mixture to a final concentration of
100 g/L glyceol and 2 g/L each of bromophenol blue and
xylene cyanol. RNA-protein complexes were then analyzed
on a 40 g/L polyacrylamide gel (39:1 ration of acrylanide:
bis) in a 0.5×TBE.

1009

HCV IRES mediated translation, the control cells (HHCC) and
cells expressing IRNA or mIRNA were transiently
cotransfected with pCMVNCRluc and pSV40/β-Gal.
Additionally, in order to exclude the nonspecific effect of
nonspecific small RNA on the protein translation, the cells
expressing pcDNA3 were cotransfected with pCMVNCRluc
and pSV40/β-Gal as well. Cell extracts were used to measure
both luciferase and β-Gal activities. The results were plotted
as percent of control after normalizing for β-Gal activity and
protein concentration. Maximum inhibition of luciferase
expression was 80 % in the cells expressing IRNA compared
to the control, but no differences were observed in the cells
expressing mIRNA and pcDNA3.
To determine the effect of long-term expressing IRNA on
cap-dependent translation, the cells were transfected with
pcDNA-luc. As seen in Figure 3, no significant inhibition
of cap-dependent translation from the pcDNA-luc construct
was observed in cells expressing IRNA compared to the
control cells.

RESULTS
Construction of hepatoma cells expressing IRNA or mIRNA
constitutionally
To determine the long-term effect of expression of IRNA in
HHCC cells, the cells constitutionally expressing IRNA were
generated by using a pcDNA-based vector as described in
Material and Methods. In order to obtain the correct and stable
both sides of the expressed IRNA, the ribozyme sequences
were introduced into the both sides of the IRNA and mIRNA.
The IRNA or mIRNA was examined by RT-PCR using
appropriate primers. As can be seen in Figure 1, IRNA and
mIRNA was expressed stably in the cloning cells.

A

100bp
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6

Figure 1 Detection IRNA or mIRNA in the total RNA of HHCCs
which constitutionally expressing IRNA or mIRNA. 1: DNA
Marker DL2000; 2 and 3: RT-PCR of cell lines expressing IRNA;
4: RT-PCR of cell lines expressing mIRNA; 5 and 6: PCR of cell
lines expressing IRNA or mIRNA.

Effect of long-term IRNA expression on cellular protein
expression
To determine whether constitutionally expressing of IRNA
interfered with cellular protein translation, levels of cellular
protein β-actin was determined by laser confocal microscopy.
As can be seen in Figure 2A and 2B, no differences were detected
in the overall expression of the cellular protein between
HHCC (control) and IRNA-expressing cells (11.74±6.52 vs
10.06±5.75, P>0.05).
Inhibition of long-term expressing IRNA on HCV IRES
mediated translation
To test the inhibitor activity of long-term expressing IRNA on

Figure 2 The translation level of β-actin in HHCC and IRNAexpressing lines. (Laser confocal , 400×1.00 ). A: IRNA-expressing cell lines, B: Control cell lines.
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Figure 3 The effect of long-term expressing IRNA on cap-independent and cap-dependent protein translation.
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Hepatoma cells constitutionally expressing IRNA are
refractory to infection by a PV tenuate virus
To determine the inhibit effect of IRNA on IRES mediated
protein translation during virus infection, the pcRz-IRNA and
pcRz-mIRNA cells were infected with a vaccinia PV. After
infection with PV, the cells were stained and the cytopathic
effects were observed and we found that the pcRz-mIRNA
cells and control cells were appeared marked cytopathic effect
compared to the cells prior to the infection, but the cells
expressing IRNA were almost totally protected from the
cytopathic effect of PV (Figure 4). Following the infection,
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cell extracts were prepared from infected cells which were then
used to further infect Hep2 monolayer cells. Plaques
characteristic of PV were apparent in Hep2 cells infected with
cell extract from control hepatoma cells and pcRz-mIRNA cells
(Figure 5A, B). Evidently viral replication was drastically
affected in the cels expressing IRNA (Figure 5D).
To rule out the possibility that the nonspecific small RNA
expressing cells affected the viral replication, the pcDNA3 cells
were infected under the same condition. As can be seen in the
Figure 4C and Figure 5C, the PV replication was not affected
in the pcDNA3 cells.

A

B

C

D
Figure 4 The cytopathic effect of different HHCC cells infected with PV. A: control HHCC cells; B: mIRNA cells ; C: pcDNA3 cells;
D: IRNA cells.
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nonspecific RNA (lane 6). Protein- RNA complexes were analyzed on a nondenaturing gel .In lane 1, RRL extract was not
added. FP: free probe; C: complexes.

Virus titer:

A

Control
HHCCs 7×104

B

C

IRNA expressing
HHCCs 7×102.

D

Figure 5 Plaque characteristic of different HHCC infected of
PV. A: control HHCC; B: mIRNA cells; C: pcDNA3 cells; D:
IRNA cells.

C

FP
1 2 3 4 5 6

Figure 6 IRNA forms a gel-retarded complex which is inhibited by 5’ UTR of HCV RNA. 32P-labeled IRNA was incubated
with RRL extract in the absence (lane 2) or presence of an unlabeled 25- or 50-fold molar excess of IRNA (lane3 and lane 4 ,
respectively) or 5’ UTR (lane 5) or of a 50-fold molar excess of

IRNA forms a gel-retarded complex that is inhibited by UTR
In order to study the mechanism of IRNA inhibitor activity on
IRES mediated protein translation, 32P-body-labeled IRNA
probe was prepared and mixed with RRL extract, and the
resulting RNA-protein complexes were analyzed by
nondenaturing polyacrylamide gel electrophoresis. As shown
in Figure 6, lane 2, a single complexes (denoted C).
DISCUSSION
IRES-dependent protein translation mechanism was first
discovered in picornavirus, including PV, rhinovirus and
hepatitis A virus, as well as certain flavivirus, such as hepatitis
C virus[9-12]. Although there is very little sequence homology
between these different IRES elements, structural similarity
do appear to exist. In fact for keeping the activity of IRES, it is
more important to maintain the secondary structure than to
maintain the integrality of certain genome sequences[1-3,7,8].
IRES is the key structure for some virus RNA replication, so it
has been the target for antiviralo infection [13-20]. We have
constructed the self-cleavage plasmid of IRNA, and affirmed
that IRNA can inhibit IRES-dependent protein translation both
in vivo and in vitro[21]. In order to further confirm the longterm expressing IRNA effect on cellular protein and virus
protein translation, we cloned the HHCCs expressing IRNA,
and confirmed that long-term expressing IRNA could inhibit
IRES mediated protein translation significantly compared to
the control cells and mIRNA expressing cells. Das and his
collaborates prepared the a number of human hepatoma (Huh7) cell lines expressing IRNA by using the similar methods.
They found that HCV IRES-mediated cap-independent
translation was markedly inhibited in cells constitutively
expressing IRNA compared to control hepatoma cells[22].
Additionally, We have shown here that the long-term
expression of IRNA did not affect the overall translation of
cellular protein as shown by laser confocal microscopy. This
was surprising since some cellular mRNAs such as the
immunoglobulin heavy-chain-binding protein, mouse
androgen receptor, and Drosophilia antennapedia mRNAs has
been shown to use IRES-mediated translation. It is possible
that cellular mRNAs having IRES elements are also translated
in a cap-dependent manner, as almost all mRNAs synthesized
in vivo are capped. Das and his collaborates also confirmed
that the constitutive expression of IRNA was not detrimental
to cell growth[22].
Recent studies on picornavirus-IRES-mediated translation
have demonstrated that cellular trans-acting proteins distinct
from canonical translation initiation factors play an important
role in IRES-mediated translation. These proteins bind to the
IRES and presumably help to facilitate the binding of ribosomes
to the IRES. Some of the trans-acting proteins have been
identified as the La autoantigen, polypyrtimidine tract-binding
(PTB) protein, glyceraldehydes 3-phosphate dehydrogenase
(GAPDH). The La polypeptide binds to both PV and HCV
IRES elements and stimulates IRES-mediated translation.
Similarly, the PTB protein interacts with HCV and other
picornavirus IRES sequences and stimulated viral 5’UTR
mediated translation[23-25]. Because HCV IRES and PV IRES
bind the similar cellular protein, and we lack effective HCV
culture system in vitro, we studied the long-term expressing
IRNA blocking viral replication ability by using PV infection
in vitro. Our results demonstrated that long-term expressing
IRNA blocks the PV replication effectively. Das and his
collaborates contructed PV-HCV chimera in which PV IRES
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was replaced by the HCV IRES. They demonstrated that Huh7 cells constitutively expressing IRNA became refractory to
infection by the PV-HCV chimera, but the replication of a PVencephalomyocarditis virus (ECMV) chimera containing the
ECMV IRES element was not affected significantly in the
IRNA-producing cell line[22].
At low mulitiplicities of infection of the virus, cells
expressing IRNA showed significant resistance to virus
infection compared to control cells. This could be due to
inhibition of primary translation of the input viral RNA in cells
expressing IRNA. Multiple rounds of replication and
reinfection of control cells, but not of IRNA-expressing cells,
resulting in an amplified effect seen in the plaque assay was
shown in Figure 5. At higher mulitiplicities of infections, the
virus titer was approximately 10-fold lower in IRNA cells
compared to control cells. This could be due to one or more of
the following reasons: (1) the level of IRNA expression was
relatively low in the cell line; (2) the viral 5’ UTR, which
competed with IRNA for binding of relevant protein factors,
has significantly higher affinity for these proteins than IRNA;
(3) the amount of IRNA in the cytoplasma was low compared
to the total amount of expressed IRNA; and finally (4) all of
the IRNA molecules in the cell line might not have been
properly folded to assume the right secondary structure required
for its translation-inhibitory activity.
Theoretically, IRNA could inhibit IRES-mediated translation
by two possible mechanisms. It could bind to some sequences
in the UTR as antisense RNA or it could bind protein factors
necessary for the internal entry of ribosome, thus inhibiting
IRES-dependent translation. The possibility that the IRNA
acted by binding protein factors required for IRES-mediated
translation was plausible for the following reasons. First,
purified RNA was not complementary to 5’ UTR sequences
nor did it hybridize with virus 5’ UTR. Secondly, inhibition of
the translation of PV RNA could be overcome by the addition
of increasing concentrations of HeLa extract but not of PV
RNA or 5’ UTR sequence. In fact, in order to identify the
mechanism of IRNA inhibitor activity, several laboratories by
using the UV-crossing linking methods and Gel retardation
methods studied the mechanism respectively. They found that
IRNA specifically binds proteins which interact with RNA
secondary structures within the virus 5’UTR presumably
involved in internal initiation. Furthermore, they demonstrated
that purified IRNA specifically competed with virus RNA
structures within the 5’UTR which bind a cellular protein with
an approximate molecular mass of 52 KD, 57KD. Then they
determined that p52 protein appears to be identical to human
La autoantigen and the binding of the La autoantigen to the
HCV IRES element was specifically and efficiently competed
by IRNA. The data present here (Figure 6) also suggested that
the IRNA inhibit viral IRES mediated protein translation
through binding specific cellular factors[22, 26-31]. Additionally,
Das and his collaborates determined the secondary structure
of IRNA and founded that both a stem and a loop formed by
intramolecular folding of IRNA were important for inhibition
of viral IRES mediated translation. Venkatesan had also
predicted the secondary structure of the IRNA and its
complementary RNA (cIRNA) using biosoftware MFOLD by
energy minimal principle and further determined the structure
using enzyme methods and chemical modification methods.
They found that IRNA and cIRNA have not only same secondary
structure but also similar inhibitor activity on PV IRES mediated
protein translation[31]. Our laboratory have also modeled the
secondary structure of IRNA and cIRNA and got the similar
results to the Venkatesan (data reported in other file).
In summary, we could get the conclusion that (1) IRNA
expressing cells could significantly anti polio virus infection;
(2) IRNA long-term expression has no significant affect on
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cellular protein translation; (3) IRNA expressing cells
significantly inhibit the HCV IRES mediated protein
translation.
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Abstract
AIM: To study the relationship between the radiological
anatomy and the dynamics on bile duct sphincter in bile
draining and regulatory effect of gallbladder.
METHODS: Sixteen healthy dogs weighing 18 kg to 25 kg
were divided randomly into control group and experimental
group (cholecystectomy group). Cineradiography, manometry
with perfusion, to effect of endogenous cholecystokinin and
change of ultrastructure were employed.
RESULTS: According to finding of the choledochography and
manometry, in control group the intraluminal basal pressure
of cephalic cyclic smooth muscle of choledochal sphincter
cCS was 9.0±2.0 mmHg and that of middle oblique smooth
muscle of choledochal sphincter (mOS) was 16.8±0.5 mmHg,
the intraluminal basal pressure of cCS segment was obviously
lower than that of mOS (P<0.01) in the interval period of
bile draining, but significant difference of intraluminal basal
pressure of the mOS segment was not found between the
interval period of bile draining (16.8±0.5 mmHg) and the
bile flowing period (15.9±0.9 mmHg) (P>0.05). The motility
of cCS was mainly characterized by rhythmically concentric
contraction, just as motility of cCS bile juice was pumped
into the mOS segment in control group. And motility of mOS
segment showed mainly diastolic and systolic activity of
autonomically longitudinal peristalsis. There was spasmodic
state in cCS and mOS segment and reaction to endogenous
cholecystokinin was debased after cholecystectomy. The
change of ultrastructure of cCS portion showed mainly that
the myofilaments of cell line in derangement and
mitochondria is swelling.
CONCLUSION: During fasting, the cCS portion has a
function as similar cardiac “pump” and it is main primary
power source in bile draining, and mOS segment serves
mainly as secondary power in bile draining. The existence
of the intact gallbladder is one of the important factors in
guaranteeing the functional coordination between the cCS
and mOS of bile duct sphincter. There is dysfunction in the
cCS and mOS with cholecystectomy.
Wei JG, Wang YC, Liang GM, Wang W, Chen BY, Xu JK, Song
LJ. The study between the dynamics and the X-ray anatomy and
regularizing effect of gallbladder on bile duct sphincter of the
dog. World J Gastroenterol 2003; 9(5): 1014-1019
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INTRODUCTION
The sphincter of Oddi regulates both bile and pancreatic juice
flowing into the duodenum, and one of important feature is that
the time of bile draining was delayed when the sphincter of
Oddi dysfunction in postcholecystectomy. Obviously, this is
relative to the abnormal dynamic change of choledochal
sphincter in bile draining[1-7]. But the mechanism of sphincter of
Oddi dysfunction remains speculative[8-19]. Up to now there was
no report the relationship between the abnormal changes of bile
draining and the functional anatomy of choledochal sphincter.
At the opening site of terminal bile duct there was a bundle
of cyclic smooth muscles. Afterwards Ruger Oddi reported his
results that this sphincter played a “valve”-like role in bile and
pancreatic juice output. This bundle of muscles encysted the
ampulla of Vater at the confluence of bile duct and pancreatic
duct, thus was called ampulla sphincter or sphincter of Oddi.
Boyden EA and Eichhorn EP, however, had also confirmed
that, situated at the cephalic side of ampulla of Vater, in bile
duct and in pancreatic duct there were two bundles of sphincter
respectively which were independent to each other. The
independent bile duct sphincter showed its own remarkable
structural features that there was cyclic smooth muscle at the
cephalic side portion, it was called cephalic cyclic segment of
choledochal sphincter (cCS), and there was oblique and
longitudinal smooth muscle following the cCS portion, it was
called middle oblique smooth muscle segment of choledochal
sphincter (mOS) because it was between in the cCS and
classical SO. According to the above mentioned anatomical
data, it seems that up to now the anatomical structures of
sphincters involved in the studies of the function of sphincter
of Oddi should include cCS, mOS and SO, which are referred
to as the sphincter of Oddi. Obviously it is significantly
different in concept and range from the classical sphincter of
Oddi suggested by Rugero Oddi earlier. Based on the analysis
of the anatomical characteristics, cCS and mOS are considered
as the chief constitutive part of bile duct sphincter, thus it is
suggested that the physiological role of cCS and mOS in
regulating the bile flow is different from that of the classical
sphincter of Oddi in this semi-enclosed hydrostatic system. In
order to this objective, the methods of cholangiography,
pressure measurement by perfusion, and microscopic
observation were employed in this research primarily to
observe the radiological anatomy of cCS and mOS, before and
or after cholecystectomy, the morphologic features during bile
draining, and the histological changes of cCS and mOS. The
functional features of Ccs, mOS and its role in bile draining
were investigated to find out the regulatory factors that affected
the function of cCS and mOS.
MATERIALS AND METHODS
Experimental instruments and animal model
Unicameral manometry Teflon catheter with an 0.8 mm internal
diameter and 1.7 mm outer diameter (Cook Co, USA), PT16M pressure sensor (external pressure transducer, Shanghai,
China), RM-6200C polygraph recorder (Chengdu, China), WZ50 trace perfusion apparatus (Zhejiang, China) were used to

Wei JG et al. Choledochal sphincter on bile draining

record pressures. Sixteen healthy hybrid dogs (Weighing 1825 kg) raised in Shaanxi were randomly classified as control
group and experimental group. The cholecystectomy were
undertaken under they had received intraperitoneal injection
with amobarbital, then they were fed for 4-6 weeks in
experimental dogs.

Manometry and cholangiography
Anaesthesia was introduced with ketamine (100 mg/h). The
operation was performed through thorax-abdomen-combined
incision while autonomous respirator was being used to control
animals’ respiration. The cystic ducts of the experimental dogs
were ligated. A vertical incision was then made on the proximal
choledochus in order to insert the manometry catheter.
Cholangiography was performed with 30 % meglumine
diatrizoate injected through the manometry catheter (based on
the calibration of developing in secondary branch of
intrahepatic bile duct), and the bile excretion at portion of bile
duct sphincter was recorded by cineradiography at the rate of
25 width/Sec. The intraluminal pressures at the portion of cCS
and mOS were measured after the completion of contrast
radiography.
The catheter that had been inserted into bile duct was
introduced into duodenum again and measured the pressures
in duodenal lumen. The manometric catheter system (the
compliance of this system was low) was infused with 0.85 %
NaCl solution at a flow rate of 25 ml/h, while the velocity of
recording paper was 60 mm/min. The curves of changes in
intraluminal pressures in the duodenum, the mOS and cCS
portion of the bile duct sphincter were recorded respectively
for 5 min. The intraluminal pressure in the duodenum was
calibrated as zero basal level of pressure. In addition, a Teflon
catheter was inserted into the stoma opening of stomach wall,
with its top being placed in duodenal lumen for next
experiment.
Observational parameters
Manometric parameters The numbers of the mOS segment
contraction per min were regarded as the mOS contractile
frequency (mOSCF). The difference between the diastolic
pressure at the mOS portion and the duodenal intraluminal
pressure was considered as the mOS basal pressure (mOSBP),
and the difference between the contractile wave peak and its
diastolic period intraluminal pressure as the mOS contractile
amplitude (mOSCA). The difference between the cCS and the
duodenal intraluminal pressure was classified as the cCS basal
pressure (cCSBP).
Maximal inner diameter of bile duct and contrast draining
time The maximal inner diameter of bile duct during
cholangiography period was referred as the maximal inner
diameter of choledochus, which was corrected by the
magnification of contrast duct diameter. The biliary draining
time (BDT) was referred as the time between the period when
contrast medium completely filled the extrahepatic bile duct
and the period when it completely disappeared. And the time
in which biliary flows in choledochus was between the period
when the bile duct sphincter began to drain bile and the period
when it stopped draining bile. The time interval between the
two biliary draining times was regarded as the interval of
biliary draining.
Pathological examination
The intact choledochal sphincter segment of bile duct was fixed
with 2.5 % glutaral, then with 1 % osmium acid, and finally
embedded with epoxy resin after dehydration with 95 %
alcohol. The ultra-thin section of the sample was sliced and
stained with plumbum acid citrate. Then the observation was
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done under JEM-2000EX electromicroscope. Two dogs were
involved in both the control and experimental groups.

Statistical analysis
The “t” test was used to evaluate the results. A P value less
than or equal to 0.05 was regarded as significant.
RESULTS
The diameter of bile duct
The maximal diameter of bile duct was 3.5-4.5 mm in
controls, and that of experimental group was 4.7-7.5 mm,
the average diameter of bile duct was 6.1±1.3 mm in
experimental group in 46 days and 58 days. There was
significant cantly difference between the control and the
experimental group (P<0.01). There were no stones and
obstruction in the dilatants bile duct.
The contrast results in the control group
During interval period of bile draining, the mOS was in a state
of shutting up, thus the terminal end of cCS portion shaped
like “pestle”, while the distal end of bile duct showed a cyclic
notch which was the radiological marker of the initial part of
cCS. With the concentric contraction of cCS segment, the bile
was pumped into the mOS segment. The mOS segment
appeared to be a narrow, slender lumen. An uneven caliber
could be seen in peristalsis contraction, and at the same time
the bile was squeezed into the duodenum (Figure 1). 10 min
after 20 ml of 33.3 % MgSO4 was injected through the catheter
placed in duodenum, there was no significant change in the
shape of cCS segment, but while the mOS lumen was
significantly dilated in 3 fold, compared with that before the
injection, there was no significant contraction and peristalsis
in the mOS segment.

Figure 1 During bile draining in control group. It was showed
that the mOS portion was in a peristaltic movement (
),
and the narrow distal segment (
) was portion of the mOS
and SO segment of bile duct. Between the end of choledochus
and the cCS portion was demarcated by in notch ( ).

Image in the experimental group
During the bile draining period, between the distal end of bile
duct, and cCS portion, there was a remarkable notch which
appeared to be in a “infundibulum” shape at the cCS portion
in connection with mOS segment. There was no significant
contraction in the form of the spastic cCS segment and no
significant peristaltic movement of the mOS segment, and
lumen of the mOS segment appeared to be a narrow lumen as
a “thin line”, to last until the bile draining period ended
(Figure 2). 10 min after the bile duct was injected with 20 ml
of 33.3 % MgSO4 through the intestinal tract, and significant
change did not demonstrated in the diameter of cCS part and
the diameter of mOS segment.
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In addition, it was founded, that there was no significantly
different between the mOSBP in interval period of bile draining
(16.8±0.07 mmHg), and the mOSBP in bile draining period
(15.9±0.7 mmHg) in control group (P>0.05).
Manometric results and reaction of mOS segment to MgSO4
infusion in the experimental group The pressure curves and
the changes in pressures of mOS segment before and after
MgSO4 infusion are shown in Table 3 and Figures 5,6.
Table 3 The manometric results of mOS segment before and
after MgSO4 infusion in the study group (x±s)

Figure 2 In experimental group of bile drainage. During bile
draining the remarkable notch to keep up still in between the
choledochus and the cCS portion, and it appeared to be in an
“infundibulum” shape at the cCS portion and there was no
significant contraction in the form of spastic cCS portion of
bile duct and no significant peristelsis movement and there
appeared to be a narrow lumen as a “thin line”, to last until
the bile draining period ended at the mOS segment. Infusion
of 33.3% MgSO4 after, no significant change was seen in the
) and mOS segment (
)
diameter of cCS partion (
of bile duct.

Manometric results
The pressure of cCS and mOS segments in the control and
experimental groups (Table 1).
Table 1 The pressures of cCS and mOS segments before MgSO4
infusion in interval period of bile draining (mmHg)
Group

cCSBP

Control (n=7)

9.0±2.0

Study (n=7)
a

16.8±0.5

a

14.0±2.0

mOSCF
(No/min)

BDT
(min)

Before Infusion (n=7)

14.7±0.7

14.2±1.3

15.9±0.7

27.0±3.4

After Infusion (n=7)

14.3±1.3

14.0±1.4

15.1±0.7

26.3±2.3

There were no significant differences in each parameter
before and after infusion in the experimental group (P>0.05).
This indicated that the sensitivity of mOS segment to
endogenous CCK decreased after cholecystectomy, and that
the diastolic and systolic movements of mOS segment were
damaged, resulting in the elevation of resistance in bile
draining. (Figures 5,6).
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mOSBP
(mmHg)

mOSCA
(mmHg)

mOSCF
(No/min)

BDT
(min)

Before Infusion (n=7)

16.8±0.5

21.9±0.9

15.2±0.7

17.1±0.9

After Infusion (n=7)

15.7±0.9

15.1±2.1

11.4±0.3

10.8±1.1d

b

c

P<0.05, t=2.651; P<0.01, t=7.344; P<0.01, t=35.155; P<0.01,
t=33.375.vs before MgSO4 infusion.
c

Duodinal pressure

oSBBP
2

cSBBP
3 min

b

Table 2 The manometric results of mOS segment before and
after MgSO4 infusion in the controls (x±s)

a

oSBCA

1

P<0.01, t=6.195; bP<0.05, t=2.717. vs the study group.

b

mOSCA
(mmHg)

mOSBP

It is indicated that the cCSBP of control and experimental
groups were lower than the mOSBP, which suggested that there
was a retrograde pressure gradient between cCS and mOS
segments in interval period of the bile draining. Although
mOSBP in the study group was lower than that in the controls
before infused MgSO4, but the pressures of cCS segment in
the study group were significantly higher than those in the
controls (P<0.05), suggesting that the cCS and the mOS
segment was in state of spastic contraction in the study group.
The pressure of mOS in the control Manometric results and
reaction of mOS to 33.3 % MgSO4 infusion in the control group
(Table 2) and pressure curve of mOS (Figure 3,4).

a

mOSBP
(mmHg)

d

It is showed that the high-pressure zone of the sphincters of
bile duct was mainly located at mOS segment, and the
resistance and contractile frequencies of mOS were
significantly reduced by endogenous cholecystokinin (CCK)
while the intact gallbladder remained. (Table 2 and Figures 3,4).

Figure 3 Pressure curves of the cCS and mOS portion and duodenum in control group. There is high pressure zone and rythmical
contractile movement was appeared in the mOS portion of bile
duct and pressure of the cCS portion of bile duct is lower than
pressure of the mOS and the SO portion of bile duct.

mmHg
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10mmHg 1

1

2

3 min

Figure 4 Reaction to the injection of 33.3 % MgSO4 in control
group. 10 min after 20 ml of 33.3 % MgSO4 was injected through
the catheter placed in duodenum, the pressure of mOS segment of bile duct is decreased, compared that before the
injection, and unregular pressure curves was appeared in the
mOS segment of bile duct.
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Figure 5 A pressure curves before MgSO4 solution infusion in
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the study group. Signs of the pressure curves is similar to the
control group in the mOS segment of bile duct.

mmHg

4
3
2
10mmHg 1
1

2

3 min

Figure 6 A pressure curves ofter MgSO4 solution infusion in
the study group. Signs of the pressure curves is similar to the
pressure curves before MgSO4 solution infusion.

Microscopic results of histopathology of the cCS portion
The results of the transection of cCS portion in the controls
are showed in Figure 7.
The results of the transection of cCS portion in the study
group: The light microscope results showed no the degeneration
of muscular fibers of cCS, mOS portion and infiltration of
inflammatory cells. Under the electromicroscope, the changes
of smooth muscular cells are showed in Figure 8.

Figure 7 The figure is a transection of cCS portion of bile duct
in the control group. It is showed that the smooth muscular
cell membrane ( ) was flat, the myofilament and dense body
appeared to be longitudinal arrangement in parallel to the long
axis of smooth muscular cell and the dense body like spindles
( ). The structure of the mitochondrion was normal, which
evenly distributed itself among the cytoplasm.

Figure 8 The figures is a transection of cCS portion of bile
duct in experimental group. Under the electronmicroscope
the cell membrane twisted like billows, and the myofilament
density was not even, shaping like “whirl”. The dense body
showed dera ngement a nd va rious sha pes ( ). The
mitochondrions clustered at the end of the nucleus, and vacuolation ( ) was seen.

DISCUSSION
Evaluation of infused catheter manometry as a method of
functional analysis of bile duct sphincter
The manometry with ERCP, which began in 1970s, has been
widely used in functional evaluation and experimental studies
of bile duct sphincter[20,21]. Based on the manifestation of
manometry, Venu and Sherman suggested that the lesions of
bile duct sphincter could be classified as functional and
structural lesions. It is reported that the functional disturbances
of bile duct sphincter are further classified in four types[22-26]:
sphincter spasm, high-frequency contraction, abnormally
directory contraction and abnormal response to CCK based
on the results of manometry. Combined with the observations
of clinically therapeutic effect, it is now generally accepted
that the directory manometry with infused catheter is a golden
criterion in evaluating the function of bile duct sphincter.
Dodds firstly reported the manometry of inner pressure of
esophagus. He believed that the accuracy of infused manometry
with catheter was negatively correlated with the compliance
of catheter, but positively with the speed of infused fluid. In
order to increase the accuracy of manometry, the catheter used
must be characterized with less elasticity and thick wall. As
far as the speed of infused fluid is concerned, Some people
believed that it was suitable to have a speed of 0.25-0.6 ml/
min[27-29]. The physical character of catheter and the speed of
infused fluid employed in this study meet the above criteria,
and manometric results obtained can objectively reflect the
characteristic changes in pressures of CS segment in dogs.
The anatomical and functional study of CS
Eichhorn and Barraya confirmed in their study on the bile duct
sphincter in dogs that there were successively from cephalic
to distal ends of bile duct sphincter the cyclic sphincter (cCS),
oblique and longitudinal sphincter (mOS) and classic SO (a
strong cyclic sphincter encysting the terminal opening of bile
duct). There is no anatomical definite boundary between the
classic SO and mOS, but their arrangements show the
remarkable differences. Because the anatomical structure and
distributive position of the cCS and mOS segments are different
from classical SO, there would be differences in their functions.
Up to now, however, there has been no report on the functional
features of the cCS and mOS segments.
The bile is a kind of important digestive fluid in the digestion
of fatty substances. Dodds reported that 75 % bile secreted by
liver is stored in the gallbladder, then being drained into the
duodenum after alternating with the bile which already remains
in the gallbladder, and the rest of it (25 %) directly flows into
the duodenum through the bile duct sphincter. Eating causes
the gallbladder contracting and results a large quantity of bile
draining into duodenum to digest food within a short time. Only
a small quantity of bile from the duct is directly drained into
duodenum through the bile duct sphincter during the fasting
period. Obviously, they are two different processes in bile
draining. Only when the function of bile duct sphincter remains
intact and coordinative, two different processes of bile draining
can be successfully completed.
Nowadays there are arguments about the mechanism of bile
duct sphincter in bile draining[30-37]. Toouli believed that the
intramural type of choledochal sphincter, only plays a role of
a “valve” in bile draining. Some people reported that the SO
takes an active part in bile draining, and the power in bile
draining comes from the spontaneous peristalsis contraction
of bile duct sphincter. Scott, however, explained that the SO
acts as a power source in bile draining while SO contracts
moderately, and as a “valve” while contracting strongly. But
our research results have confirmed that during fasting the
lumen of mOS segment is not uniform in caliber. It can be
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determined based on the study on the physiological function
of smooth muscle that peristalsis-like diastolic and systolic
motions are apparently not the patterns of characteristic
manifestation of motions of cCS segment. Compared and
analyzed with the manometric results, the peristaltic motility
can only originate from the high-pressure area of bile duct
sphincter, where the mOS segment of bile duct locates. It is
further demonstrated by the manometric results in this study
that cCS segment is a low-pressure lumen (9.0±2.0 mmHg),
than that the pressure are of the mOS segment (16.8±0.5
mmHg), during the interval period of bile draining, and there
is apparently a retrograde pressure gradient between cCS
portion and mOS segment. It is apparent that the existing of
high-pressure area in mOS segment is beneficial for preventing
from the reflux of duodenal fluid, and even at the bile draining
period the pressure in mOS segment does not decrease
significantly, obviously, it is that the retrograde pressure
gradient between the cCS segment and the mOS segment form
the resistance in bile draining. But it is showed by
cholangiography that cCS segment reveals concentric
contraction in bile draining in the controls when fasting period,
and its lumenal volume reduces, resulting in the bile being
“pressed” into mOS segment. With the peristaltic contraction
of mOS segment, the bile filled in mOS segment ejects like
“squeezed milk” into the duodenum. Obviously in order to
overcome the resistance in bile draining cCS segmen should
play a role of similar cardiac “pump” in the process of changing
the retrograde pressure gradient, that prevented reflux of
duodenal juice, into a positive pressure gradient during bile
draining. It is just because of the different roles of cCS and
mOS segments play in bile draining, that the bile duct sphincter
takes not only a part in inhibiting the reflux of duodenal fluid
as a “valve”, but also a part in regulating the stability of pressure
in bile duct.

Effect of gallbladder to the movement of cCS and mOS
segments
It is suggested that the functional coordination of cCS portion
and mOS segment is closely related to whether the gallbladder
is intact or not. It is showed by cholangiography that cCS
segment has apparently dilative and contractile functions, while
the peristaltic motion exists in the mOS segment that appears
to be in a functional high pressure zone during the process of
bile draining in the controls. But in the experimental group,
cCS and mOS segments are constantly, and the notch remains
still at the inferior extremity of bile duct and the lumen of
mOS segment appears narrow like a “line”. After infusion with
MgSO4, the notch at the inferior extremity of bile duct doesn’t
disappear, and the “line”-shaped narrow lumen of the mOS
segment shows neither significant dilation nor apparent
peristaltic motion, and it showed that the cCS and the mOS
segment are in the state of spasm. Grace has also confirmed
that there was a decline of the sensitivity of the bile duct
sphincter to the endogenous CCK after cholecystectomy.
Tokunaga and his men has discovered that, with a concentration
of 1 µmol·L-1, 0.11±0.03 gm of CCK-8 is needed to relax the
cyclic muscle stripe of bile duct sphincter, but with the same
concentration, only 0.02±0.01 gm of CCK-8 can relax the mOS
segment. It seems to suggest from the above results that mOS
segment is very sensitive to CCK-8 than that of the cCS, and
its functional regulation is closely related to the content of
endogenous cholecystokinin. In this study the results obtained
from the choledochography confirm that Tokunaga Y’s
viewpoint is right. Our results indicate that the functional
regulation between the cCS and mOS segment is manifested
in intact gallbladder. Further, our results showed that there is a
significant change in spatial structure of smooth muscle cells

World J Gastroenterol

May 15, 2003 Volume 9 Number 5

of bile duct sphincter: the morphological manifestation of
which is that the cell membrane is like billows, and
myofilaments line in derangement and twist like “whirlpool”.
The form and size of the attachment points of corresponding
myofilaments-dense bodies, are different and lose their
behaviors of normal fusiform arrangement in parallel to the
long axis of cells. There have been no reports about its
pathological significance. If the changes are considered, this
change in spatial structure of cytoskeleton may be related to
the strong contraction and dragging of the myofilaments. The
spastic state of cCS segment and the reduced range of
concentric contraction, furthermore, will unavoidably result
in decreasing in its bile draining volume. Although the basal
pressure in mOS segment during bile draining somewhat
decreases, the resistance produced by mOS segment in bile
draining cannot be completely overcome by the motility
obtained from contraction of cCS segment in bile draining,
this may mostly be the important cause that the bile cannot
drain smoothly from the bile duct and the time for emptying
the contrast medium is elongated in the experimental group.
The direct result is that the bile flow slows down and the relative
stasis exists, and the bile duct is dilated.
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Abstract
AIM: To investigate the chemo preventive effects of
vanadium on rat colorectal carcinogenesis induced by 1,2dimethylhydrazine (DMH).
METHODS: Male Sprague-Dawley Rats were randomly
divided into four groups. Rats in Group A received saline
vehicle alone for 16 weeks. Rats in Group B were given
DMH injection once a week intraperitoneally for 16 weeks;
rats in Group C, with the same DMH treatment as in the
Group B, but received 0.5-ppm vanadium in the form
ammonium monovanadate ad libitum in drinking water. Rats
in the Group D received vanadium alone as in the Group C
without DMH injection.
RESULTS: Aberrant crypt foci (ACF) were formed in
animals in DMH-treated groups at the end of week 16.
Compared to DMH group, vanadium treated group had less
ACF (P<0.001). At the end of week 32, all rats in DMH
group developed large intestinal tumors. Rats treated with
vanadium contained significantly few colonic adenomas and
carcinomas (P<0.05) compared to rats administered DMH
only. In addition, a significant reduction (P<0.05) in colon
tumor burden (sum of tumor sizes per animal) was also
evident in animals of Group C when compared to those in
rats of carcinogen control Group B. The results also showed
that vanadium significantly lowered PCNA index in ACF
(P<0.005). Furthermore, vanadium supplementation also
elevated liver GST and Cyt P-450 activities (P<0.001 and
P<0.02, respectively).
CONCLUSION: Vanadium in the form of ammonium
monovanadate supplemented in drinking water ad libitum
has been found to be highly effective in reducing tumor
incidence and preneoplastic foci on DMH-induced
colorectal carcinogenesis. These findings suggest that
vanadium administration can suppress colon carcinogenesis
in rats.
Kanna PS, Mahendrakumar CB, Chakraborty T, Hemalatha P,
Banerjee P, Chatterjee M. Effect of vanadium on colonic aberrant
crypt foci induced in rats by 1,2 Dimethyl hydrazine. World J
Gastroenterol 2003; 9(5): 1020-1027
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INTRODUCTION
Colon cancer is one of the most common malignancies in many
regions of the world[1]. The idea that this cancer might be a
root cause for chemoprevention stems from epidemiological
evidence that some factors in the diet may play important roles
in its development, where others may reduce the risk [2,3].
Experimental Colon carcinogenesis is a multistep process
involving three distinct stages, initiation, that alters the
molecular message of a normal cell, followed by promotion
and progression that ultimately ends up with a phenotypically
altered “transformed cell”[4]. In animal studies, treated with a
carcinogen, such as, 1,2 dimethylhydrazine (DMH),
methylnitrosurea, N-methyl-N’-nitro-N-nitrsoguanidine will
induce colon tumors in experimental animals particularly in
rodents[5,6]. Colon carcinogenesis models using DMH or the
related azoxymethane, with putative preneoplastic aberrant
crypt foci (ACF) as end-point marker lesions have been used
to assess the influence of modulatory factors[7,8].
ACF are readily discernible ‘preadenomatous’ morphological
putative lesions within the colonic mucosa of rodents and even
in cancer patients that may contribute to the stepwise progression
to colon cancer[9-11]. The formation and growth of ACF are
associated with the induction of colon tumors in rats and are
influenced by exposure to chemopreventive agents[12,13]. Natural
compounds that inhibit ACF induced colon carcinogenesis have
proved to be protective against colon cancer in rodents[14].
Besides the DMH-target tissue colon, the liver was
preferentially selected for assaying the biotransformation and
detoxification pattern[15,16]. Many chemical changes of the liver
are detectable prior to the onset of secondary pathological and
nutritional changes associated with conditions such as
neoplasia. The pathological alterations in the liver often act as
an indicator of overall damage caused by a carcinogen since
liver enzymes provide more sensitive indicators of pathogenesis
than blood[17]. Efficient inactivation of both xenobiotics and
endogenous toxins result in the preservation of cellular integrity
and inhibition of cytotoxic events, which lead to several
diseases including cancer[18]. Glutathione S-transferases (GST)
are a family of multifunctional proteins, which act as binding
proteins and also as enzymes in various detoxification
processes[19-21]. GSTs have been acknowledged as preneoplastic
and neoplastic markers[22]. Cytochrome P-450s, also known as
mixed function oxidases having a very broad range of substrate
specificity in both exogenous and endogenous including drugs,
chemical carcinogens and xenobiotics [23,24] carry out
biotransformation and reduction. Aberration in epithelial
colonic crypt cell proliferation leads to hyperplasia with higher
risk of colon cancers both in humans and experimental animal
models[25]. Assessment of PCNA expression as an indicator of
colonic crypt cell proliferation is suggested as a putative
intermediate marker of colon cancer risk[26].
Vanadium, an element of complex chemistry is of
considerable scientific and biological interest nowadays,
because of its diverse physiological properties with narrow
thresholds between essential and toxic doses[27]. Various studies
from our laboratory have established vanadium for the very
first time to be a novel biological regulator in assessing the
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physiological and biochemical state of animals in a dose related
manner in the detoxification of a number of xenobiotics,
including electrophililic chemical carcinogens. Vanadium is
observed to be capable of exhibiting some unique beneficial
effects particularly, its anticarcinogenic potential under a very
low dose[28-30] without any adverse toxicity. Our laboratory has
documented a number of works involving vanadium as a
potential antineoplastic agent in rat liver carcinogenesis.
Furthermore, this element has shown to be able to inhibit
chromosomal and molecular damages by abating the generation
of DNA single stranded-breaks and thereby maintaining the
genomic integrity[31]. Thus, there are good reasons to suspect
that this micronutrient vanadium may be considered as a
potential cancer chemopreventive agent.
In the present study, we had focused on the inhibitory effect
of vanadium against the early stages of neoplastic
transformation in a defined DMH-induced rat colon
carcinogenesis model, since no reports from any other
laboratories have documented the same, by morphometric
evaluation of the ACF in colonic mucosa and colonic tumors
in terms of tumor incidence, colon tumor multiplicity and tumor
burden along with histological typings. Furthermore, the
chemopreventive efficacy of the trace element was also
investigated on certain hepatic drug metabolizing and phase II
detoxifying enzyme activity patterns e.g. on liver glutathione
S-transferase [GST] and Cytochrome P-450 [Cyt P-450)
activities. Finally, PCNA expression as an indicator of cellular
proliferation was carried out to correlate the morphometric
and enzymological parameters with the protein expression to
establish the possible antineoplastic potential of the said
element at the cellular level.

1021

was initiated simultaneously with the DMH injection (termed
day 0). Group D: animals were vanadium controls and received
vanadium alone as ammonium monovanadate at a dose of 0.5
ppm ad libitum through drinking water. They were not
subjected to any DMH injection.
Interim sacrifice was performed at 16 weeks from the day
of initiation in order to evaluate the preventive efficacy of
vanadium in the initial stages of carcinogenesis in terms of
histology and ACF studies. The terminal sacrifice was carried
out at end of 32nd week as shown in Figure 1. All animals were
fasted overnight before termination and sacrifice under light
ether anesthesia. The length of the colon was recorded.
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A

Normal control

B

DMH control

C

DMH + vanadium (V) control

D

Vanadium (V) control

A
B

MATERIALS AND METHODS
Animals
40 Male Sprague Dawley rats (3-4 weeks old) weighing 80100 grams were purchased from Indian Institute of Chemical
Biology (CSIR), Kolkata (Calcutta), India and quarantined for
a week. They were housed 10 per cage under controlled
conditions of a 12:12 hour light and dark cycle at 28±3 . All
rats were maintained on a semi purified basal diet (Lipton,
Calcutta, India) and water ad libitum. All rats received human
care according to the criteria outlined in the “Guide for the
Care and Use of Laboratory Animals” prepared by the National
Academy of Sciences and published by the National Institutes
of Health (NIH publication 86-23, revised 1985). Body weights
were recorded every 2 weeks.
Chemicals
1, 2 Dimethylhydrazine (DMH) and Vanadium as Ammonium
monovanadate was purchased from E. Merck Ltd, Bombay,
India.
Experimental protocols
Rats were randomly assigned into experimental and control
groups. Group A: animals constituted the normal untreated
controls and received saline vehicle intraperitoneally, once a
week, throughout the entire course of experimental study, till
32 weeks. Group B: comprised of carcinogen control animals.
1,2 DMH was administered intraperitoneally at a dose of 20mg/kg-body weight, once a week in 0.9 % NaCl solution (pH
7.2) for a total period of 16 weeks. Group C: included the
experimental animals, which received both DMH and
Vanadium treatment. Vanadium as ammonium monovanadate
at a dose of 0.5-ppm was administered ad libitum through
drinking water while DMH was injected in the same dose
mentioned earlier for Group A animals. Vanadium treatment

C
D

Denotes:

DMH/Saline injection
Group A representing normal
Group B representing carcinogen
Group C representing treatment [DMH + Vanadium]
Group D representing vanadium control
Termination point (Detection of ACF)
Termination Point (Detection of Tumors)

Figure 1 Grouping and different time point of the experiment.

Histological evaluation and ACF assay
The method of Bird[32] was used to stain and highlight ACF.
The number of ACF was evaluated in the 0.3 % methylene
blue stained colon. ACF was scored under a light microscope
with 40 times magnification to transluminate the colon. Only
ACF meeting the criteria given by McLellan and Bird were
chosen. These included crypts of increased size with a thicker
and deeply stained epithelial lining and increased pericrptal
zone compared with normal crypts.
Morphometric evaluation
After the terminal sacrifice at 32 weeks, colons were excised
from the rats, blotted dry, cut open longitudinally and the inner
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surface was examined whether there were visible macroscopic
lesions (neoplastic tumors). Tumors were easily discernable
in the inflammated sections of the colon. The number and size
of the tumors were noted for tumor incidence, multiplicity and
burden studies. Tumors were classified as adenomas/
carcinomas based on the evidence of invasion through the
muscularis mucosa. Those with clear-cut invasion were
considered to be carcinomas while the rest were classified as
adenomas[33]. The three main axes of each macroscopic tumor
from rats were measured using a vernier caliper with 0.1 mm
graduation. Preneoplastic lesions were not included in tumor
counts.

Assay of GST and Cyt P-450 activities
To determine whether vanadium could modify liver GST and
Cyt P-450 activities, livers were excised immediately from all
rats necropsy. The livers were perfused with saline to remove
blood and minced into small pieces. Aliquots from minced
livers were processed to obtain the cytosolic fraction as
described [34]. The activities of GST with 1,2-dichloro-4nitrobenzene (DCNB) as substrates, and Cyt P-450 assay was
determined as described[35-37]. All assays were performed with
UV-Visible Spectrophotometer (Jasco V-530). One unit of
enzyme activity was the amount of enzyme catalyzing the
conversion of 1 µmol of substrate to produce per min at 25 .
Cytosolic protein concentrations were determined by the
method of Lowry et al[38] using bovine serum albumin as the
standard.
Immunohistochemistry of proliferating cell nuclear antigen
(PCNA)
Immunohistochemical staining for PCNA was performed by
the avidin-biotin complex method (Sigma). Tissue sections
were deparaffinized with xylene, hydrated through a graded
ethanol series, immersed in 0.3 % hydrogen peroxide in
absolute methanol for 30 minutes at room temperature to
block endogenous peroxidase activity and then washed in
phosphate-buffered saline (pH 7.2). Following incubation
with normal rabbit serum at room temperature for 10 minutes
to block background staining, the sections were incubated
with an anti-PCNA antibody (mouse monoclonal PC 10;
Sigma, USA; a 1:100 dilution) for 12 hours in a humidified
chamber at room temperature. They were then reacted with
3,3’-diaminobenzidine and counterstained with Harris’
hematoxylin. For determination of PCNA-positive index, 10
full-length crypts (aberrant crypts, normal-appearing crypts
or normal crypts) of each colon were examined. The number
of PCNA positively stained nuclei in each crypt column was
recorded. The PCNA positive index (number of positive stained
nuclei X 100/total number of nuclei counted) was then
calculated.
Statistical analysis
The statistical analysis for morphometric studies between
different groups was performed by Fischer’s exact probability
test for tumor incidence. Student’s t test was used to analyzed
the tumor multiplicity and tumor burden.
RESULTS
Food and water intake
No appreciable change in food consumption was observed
among different groups of rats. The daily food and water intakes
were measured with a measuring cylinder and it was found
that rats took on an average of 8-10 ml of water/day per rat.
Mortality
All animals survived during the entire course of the experiment.
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Body weight of rats
Figure 2 showed the body weight of the rats in different groups
sacrificed on the 32nd weeks following the first DMH injection.
DMH treatment did not appreciably decrease rat body weight
when compared with saline treatment, for first few weeks but
by the end of the experimental study at 32nd weeks, differences
between normal and carcinogen control Group A were
statistically significant (P<0.05). In Group C, animals
undergoing treatment with vanadium, maintained near normal
body weights. Animals in vanadium control Group D displayed
body weights close to those in normal Group B.
Normal group
Treatment group

240

Weight in grams
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Carcinogen group
Treatment control

200
160
120
80
40
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Time in weeks

Figure 2 Depicts the body weights of different group of
animals.

Aberrant crypt assay
The effect of vanadium on the growth and development of ACF,
induced by DMH, in rats was given in Table 1. There was a
remarkable decrease in the incidence of aberrant crypts,
expressed in terms of percentage, from 100 % in carcinogen
group B to 66.07 % in vanadium treatment Group C in early
stages of colon carcinogenesis. The average yield of aberrant
crypts for the carcinogen group was 112±3.2 ACF/Colon and
the range was 90-115 ACF/Colon. For the vanadium treatment
Group C, this was significantly reduced (P<0.001 when
compared with Group B) to a mean value of 38±3.1 and ranged
between 15-40 ACF/Colon. There were no observable foci
witnessed in rats of Group D which had administration of
vanadium alone ad libitum throughout the experiment.
Table 1 Chemopreventive efficacy of vanadium on DMH-induced ACF in Sprague Dawley rats
Group

Number of
rats/Group

Number of ACF per
rat colon (mean±SE)

Normal Control A

10

-

DMH Control B

10

112±3.2

DMH + V C

10

38±3.1

V Control D

10

-

a

Inhibition
(%)
-

a

66.07
-

P<0.001 vs DMH-only group B by Student’s t test.

Histology
Tissue sections of Group A displayed normal colonic
architecture with no signs of apparent abnormality (Figure 3.1
a,b). In the Carcinogen group B, well-differentiated signs of
neoplasia were evident. Nuclei were enlarged and hyper
chromatic with mitosis. Simultaneously, there was a loss in
nuclear polarity. Connective tissues showed edema and
swelling of endothelial cells (Figure 3.2 a,b). In the vanadium
treatment Group C, histology revealed no loss of nuclear
polarity. Tubules were well formed while crypts lie parallel
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to each other. The size and shape of the cells were uniform.
Occasionally, hyper chromatic nucleus was evident. However,
connective tissue invasion was not seen. No oedema or
infiltration of polymorph nuclear leucocytes was sighted
(Figure 3.3 a,b). There were no signs of neoplasia or toxicity
observed in Group D rats administered with vanadium
supplementation (Figure 4.3 a,b).

Colonic tumor analysis
Administration of ammonium monovanadate at the dose of
0.5 ppm, ad libitum through drinking water for each animal,
brought about a significant reduction of tumor incidence in
DMH-induced colon carcinogenesis (Table 2). In the
carcinogen Group B, tumor incidence was 100 % (Figure 4.

1023

1 a,b). It dropped to a significant 60 % in the vanadium
treated Group C (P<0.01 when compared to DMH control
group B by Fischer’s exact probability test) (Figure 4.2 a,b).
The average number of tumor (classified as adenomas,
carcinomas) per tumor bearing rat was also considered in the
study. Rats treated with vanadium in Group C contained
significantly few colonic adenomas and carcinomas (P<0.05
by Student’s t test) compared to rats administered with DMH
only (Table 2). In addition, a significant reduction (P<0.05)
in colon tumor burden (sum of tumor sizes per animal) was
also evident in Group C when compared to those in
carcinogen control Group B. The results were statistically
significant (Table 3). There were no marked changes observed
in Group D (Figure 4.3 a,b).

3.1a

3.1b

3.2a

3.2b

3.3a

3.3b

Figure 3 3.1 (a): showing the normal colonic architecture view of rats sacrificed at end of week 16 (Low power).
3.1 (b): showing the normal colonic architecture view of rats sacrificed at end of week 16 (High power).
3.2 (a): representing the carcinogen-induced group B rats sacrificed at end of week 16 (Low power).
3.2 (b): representing the carcinogen-induced group B rats sacrificed at end of week 16 (High power).
3.3 (a): showing the treatment with vanadium group C rats sacrificed at the end of week 16 (Low power).
3.3 (b): showing the treatment with vanadium group C rats sacrificed at the end of week 16 (High power).

1024

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

May 15, 2003 Volume 9 Number 5

4.1a

4.1b

4.2a

4.2b

4.3a

4.3b

Figure 4 4.1 (a): showing the carcinogen-induced group B rats sacrificed at end of week 32 (Low power).
4.1 (b): showing the carcinogen-induced group B rats sacrificed at end of week 32 (High power).
4.2 (a): showing the treatment with vanadium group C rats sacrificed at the end of week 32 (Low power).
4.2 (b): showing the treatment with vanadium group C rats sacrificed at the end of week 32 (High power).
4.3 (a): showing the vanadium control group D rats with no signs of toxicity sacrificed at the end of week 32 (Low power).
4.3 (b): showing the vanadium control group D rats with no signs of toxicity sacrificed at the end of week 32 (High power).
Table 2 Chemopreventive efficacy of 0.5-ppm vanadium (supplemented ad libitum through drinking water) on the incidence and
multiplicity of DMH induced rat colonic tumors
Number of rats
Group
Total
A
B
C
D
a

10
10
10
10

Total number of tumors

Colon tumor incidence
(percentage of tumor
bearing rats)
Tumor counts
Adenoma
10
06
-

100
60a
-

97
23
-

Carcinoma All neoplasia
64
16
-

120
31
-

Colon tumor multiplicity
(mean tumor/animal, Mean±SD)

Adenoma

Carcinoma

All neoplasia

9.7±0.3
2.3±0.2
-

6.4±0.1
1.6±0.2
-

12±0.1
3.1±0.1b
-

P<0.01 vs DMH-only group B by Fischer’s exact probability test; bP<0.05 vs Group B by Student’s t-test.
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Table 3 DMH-induced colon tumor burden in Male Sprague Dawley rats fed Vanadium (0.5 ppm) ad libitum through drinking water
Mean colon tumor burden (sum of the tumor size, mean±SD) (cm)
Group

Number of rats/group

A
B
C
D
a

Mean colonic length (cm)(Y)

10
10
10
10

24
24
22
20

Adenoma

Carcinoma

3.67±3.2b
0.87±1.6
-

5.96±9.7
1.19±2.9
-

9.56±12.05
1.92±2.93a
-

X/Y
0.39
0.08
-

P<0.05 vs Group B by Student’s t-test.

Liver GST and CYT P-450 activities
Liver GST and Cyt P-450 activities at the end of the study
were shown in Table 4. DMH treatment in Group B
significantly elevated liver GST (P<0.05) and Cyt P-450
(P<0.001) activities using CDNB as a substrate when compared
with those of Group A. GST activities in Group C was
significantly greater than those in Group B (P<0.02) and Cyt
P-450 activities in Group C was also significantly greater than
those in Group B (P<0.001).
Table 4 Liver GST and Cyt P-450 activities (mean ± SE, n=10)
Group

A
B
C
D

Cyt P-450 activity
(mU/mg protein)

Normal Control
DMH-Control
DMH + V
V-Control

0.62±0.06
0.20±0.03d
0.41±0.01e
0.47±0.05

GST-CDNB
(mU/mg protein)
0.83±0.10
0.45±0.03a
1.98±0.09f
0.90±0.19

P<0.001 vs Group A, bP<0.05 vs Group A, cP<0.001 vs Group
B, dP<0.02 vs Group B.

a

PCNA-labeling index in ACF
The PCNA-labeling indices in ACF were shown in Table 5. The
mean PCNA-labeling indices in ACF of Group C were
significantly lower than that of Group B (P<0.005 and P<0.005,
respectively).
Table 5 PCNA-labeling index of colonic mucosa of rats treated
with DMH, supplemented with vanadium (V) 0.5-ppm ad
libitium in drinking water (means ± SD)
Group
A Normal control
B DMH control
C DMH + V
D V Control
a

All Neoplasia (X)

No of rats

ACF(Numbers of ACF or crypts)

10
10
10
10

35±5 (10)
23.6±2a (10)
-

P<0.005 vs Group B by Student’s t-test.

DISCUSSION
Variable inhibitory effects of vanadium on the incidence of
preneoplastic lesions (ACF) were observed during different
phases of colorectal carcinogenesis. The finding of the
histological and morphometric study clearly supports that trace
element vanadium holds a promising anticancer potential with
respect to colon carcinogenesis[39]. The results suggest that
chemically induced carcinogenesis in the rat colon follows a
distinct pathway where histogenesis obeys the ACF-adenomacarcinoma sequence in the mid and distal colon and the ACF
are an intermediate stage only existed in better-differentiated
tumors. A linear relationship between AC formation and colon
tumor induction for the same group of laboratory animals could
also be established.

As there is strong correlation between ACF formation
and colon carcinogenesis, the observation amply imply that
supplementation by 0.5-ppm vanadium under the conditions
of the experiment, can greatly affect the post initiation stages
of colon carcinogenesis by altering the efficacy at which DMH
can initiate foci appearance. Increased mitotic activity, which
have been proposed as a biomarker of the early stages of colon
cancer[40] was observed in most of the ACF induced by DMH
administration alone. Treatment with vanadium greatly restored
normalcy in the colonic epithelial cells. The ability of vanadium
to reduce the number of ACF per colon also indicates that the
anti-carcinogenic potential of vanadium could be mediated
through an enhanced repair or remodeling of preneoplastic
lesions[41].
In our observation, we have studied vanadium mediated
inhibition of the tumor multiplicity coupled with tumor burden
as a percentage of the colonic length. This observation is of
interest if one considers that there was no major difference in
body weights among the normal rats and rats in Group C. This
is particularly important because nutritional deprivation causing
body weight loss may parallel a decrease in tumor burden[42].
The variation in weight gain among the different groups under
experiment, thus, do not seem to be significant when evaluating
possible causes for the observed differences in the induction
of AC or tumors.
Treatment of rats with drinking water supplemented with
vanadium for 16 and 32 weeks not only decreased the number
of preneoplastic foci but also caused a decrement in the tumor
incidence/tumor multiplicity with a concomitant reduction in
tumor burden as a percentage of colonic length. This strongly
suggests the potentiality of vanadium in inhibiting/slowing
tumorigenesis in the rat colon.
Phase II enzymes help to inhibit the formation of
electrophiles and catalyze their conversion to inactivate
conjugates making them more water soluble and readily
excretable from the cell. It is the cellular balance between the
Phase I activating enzymes and Phase II detoxifying enzymes
that contribute to one’s risk of developing cancer[43]. GSTs
catalyze the reaction of the compounds with thiol group of
GSH, thus neutralize their electrophilic sites and render the
product more water soluble[44]. 1, 2-DMH is a colon specific
procarcinogen that is metabolically activated to the active
carcinogen in the liver through a sequential radical generating
mechanism[45] implying a need for detoxification through
antioxidant as well as biotransfomation mechanism. Cellular
GSH by itself or together with GST can function as a non-critical
nucleophile for conjugation reactions and play an important role
in the inactivation of electrophilic compounds[46]. Therefore,
an elevation of GSH level indicates an increase in the systemic
ability to detoxify electrophilic compounds including
carcinogens. Data from several laboratories continue to suggest
a relationship between decreased GST expression and an
increased risk for cancer[47-49]. The decrease may be associated
further with interference of protein synthesis and accumulation
of electrophilic metabolites. Increased GST level towards
normal value clearly indicates that the tumor genesis burden

1026

ISSN 1007-9327

CN 14-1219/ R

is not high, at the same time shows that vanadium is a good
protective agent against DMH induced colon carcinogenesis.
Preliminary studies from our laboratory[50,51] have shown
that under a certain optimum dose of 0.5 ppm, the trace element
could lead to stable induction of GST activity without any
apparent signs of toxicity. A probable mechanistic explanation
could be increased transcription of GST gene and /or allosteric
modification of the enzyme. Alternatively, this increase in GST
activity by vanadium can be viewed as the host cellular
response in boosting up the GSH-related conjugation system
against the possible free radical mediated stress.
In the present study, we also report that vanadium functions
as an anticarcinogen by altering the activity of Cyt P-450 related
enzyme. Vanadium might have induced the Cyt P-450 level
due to its property as a heavy metal. Since the dose used is
non-toxic[52], it is having a positive action on inhibiting tumor
promotion. The induction of Cyt P-450 may also be due to
alteration of the ATP/ADP ratio by the inhibition of oxidative
phosphorylation thereby increasing the NADPH content
rapidly for the mixed function oxidase system to act.
Alternatively, vanadium may elevate the Cyt P-450 level by
regulating the transcriptional activation of the P-450 gene[53].
Considering the relative persistence of oxidative damage,
antioxidant defense and biotransformation alterations, we could
predict that the biochemical markers measured in the liver may
well be a prognostic marker of the distant neoplasm of the
colon, even at the early stages of preneoplasia at 16 weeks.
Finally, PCNA-labeling index, an intermediate biomarker
of carcinogenesis, was decreased in DMH-treated ACF by
supplementation of vanadium in the drinking water. Cell
proliferation plays an important role in multistage
carcinogenesis with multiple genetic changes[54]. PCNA is an
auxiliary protein of the DNA polymerase delta, reaching an
expression peak during the S-phase of the cell cycle and playing
an important role in cellular proliferation[55]. PCNA has been
used as an intermediate biomarker in chemoprevention of
colorectal cancer[56]. Zheng et al[57] observed that Vitamin A
significantly decreased PCNA in the AOM-induced colorectal
cancer animal model. Thus, the inhibitory effect of vanadium
may be due, in part, to modification of cell proliferation through
the above mechanisms.
One of the predominating factors which often limit the
therapeutic efficacy of many antineoplastic elements and their
complexes is their considerable toxic side effects associated
with hepato and nephrotoxicity. However in the present study,
supplementing vanadium at 0.5 ppm have shown no clinical
signs of toxicity such as decrease in food and water intake,
retarded growth or eventual death.
In conclusion, the results of this study suggest that daily
supplementation of 0.5 ppm vanadium in the form of
ammonium monovanadate in the drinking water has a positive
beneficial effect against chemically induced colonic
preneoplastic progression in rats induced by DMH, which
provides an effective dietary chemopreventive approach to
disease management. However, other definitive bioassay
including protein expression and documentation of specific
molecular markers is now being planned in our laboratory to
establish the surrogate end-point biomarker in vanadiummediated cancer chemoprevention.
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Abstract
AIM: To investigate the regulatory effect of electroacupuncture
(EA) at Zusanli (ST36) on tumor necrosis factor-alpha (TNFα) in rats with ulcerative colitis (UC), and further elucidate
the therapeutic mechanism of EA on UC.
METHODS: Thirty-two male Sprague-Dawley (SD) rats were
randomly divided into four groups (n=8): normal control
group, UC control group, UC+ST36 group and UC+nonacupoint group. A solution containing ethanol and 2,4,6trinitrobenzenesulfonic acid (TNBS) was instilled into the
distal colon in the rat (at a dose of 100 mg/kg) to set up UC
rat model. Rats in wakefulness state of UC+ST36 group were
stimulated at ST36 by EA once a day, while those of UC+nonacupoint group were done at 0.5 cm beside ST36. After 10
d treatment, all rats were sacrificed simultaneously. Colon
musocal inflammation and damage were assessed by
measuring colon mass, morphologic damage score, colonic
myeloperoxidase enzyme (MPO) activity, serum TNF-α and
colonic TNF-α mRNA level. Morphologic damage score was
examined under stereomicroscope. Colonic MPO activity was
measured by spectrophotometer method. Serum TNF-α
concentration was determined by radioimmunoassay (RIA).
Colonic TNF-α mRNA expression level was analyzed by
semiquantitative reverse transcription polymerase chain
reaction (RT-PCR).
RESULTS: Ratio of colonic mass/body mass (mC/mB) and
activity of colonic MPO (µkat/g tissue) markedly increased
(8.5±2.6 vs 2.5±0.4; 145±25 vs 24±8, P<0.01 vs normal
control group). Compared with normal control rats, serum
TNF-α and colonic TNF-α mRNA level in UC control group
were increased 2.5 fold (2 278±170 vs 894±248,P<0.01)
an d 4. 3 fo l d (0. 98±0. 11 vs 0. 23±0. 11, P < 0. 01)
respectively. After EA at ST36, m C/mB and MPO activity
were reduced significantly (5.3±2.0 vs 8.5±2.6; 104±36 vs
145±25, P<0.01, 0.05) compared with those of UC control
group. Serum TNF-α and colonic TNF-α mRNA level were
inhibited by EA stimulation at ST36 (P<0.01). The
inhibitory rate was 16 % and 44 % respectively.
Morphologic damage score was also increased markedly
in rat with UC (P<0.01), whereas it was decreased by EA
at ST36 (P<0.05). There was no significant difference
between UC control group and UC+EA at non-acupoint

(P>0.05). Furthermore, these parameters were highly
correlated with each other (P<0.01).
CONCLUSION: Serum TNF-α concentration and colonic
TNF-α mRNA expression level are increased significantly in
UC rats in correlation with the severity of disease. It indicates
that TNF-α is closely involved in the immune abnormalities
and inflammatory responses in UC. EA at ST36 has
therapeutic effect on UC by downregulating serum TNF-α
and colonic TNF-α mRNA expression. High levels of TNF-α
and its corresponding mRNA expression seem to be
implicated in the pathogenesis of UC.
Tian L, Huang YX, Tian M, Gao W, Chang Q. Downregulation of
electroacupuncture at ST36 on TNF-α in rats with ulcerative
colitis. World J Gastroenterol 2003; 9(5): 1028-1033
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INTRODUCTION
The incidence of ulcerative colitis (UC) has become higher in
China[1]. It is characterized by intestinal inflammation and
ulceration[22-26]. Its pathogenesis has not been elucidated yet.
A number of clinical and experimental studies, however, have
suggested that imbalance between proinflammatory cytokines
and anti-inflammatory cytokines is involved in the
pathogenesis of UC [5,6]. High levels of proinflammatory
cytokines (interleukin-1β, interleukin-6, interleukin-8 and
TNF-α) in the intestinal mucosa are thought to be the pivotal
factors in the pathogenesis of intestinal inflammation and
ulceration in UC. These proinflammatory cytokines
concentrations and their corresponding mRNA expression
levels elevated significantly in colonic mucosa, perfusion
fluids, spleen and serum of UC patients. It has been suggested
that TNF-α may be an important mediator involved in the
initiation and perpetuation of intestinal inflammation in UC.
TNF-α can cause inflammation directly, and indirectly by
inducing the production of other proinflammatory
cytokines.
Nearly all drug treatments for UC have many side effects,
which limit patients’ acceptance. Acupuncture is characteristic
technique of traditional oriental medicine. It has been accepted
by patients for its better clinical therapeutic effects and fewer
side effects on many diseases including UC. Recent studies
have demonstrated that acupuncture has immunoregulatory
role. It can modulate the production and expression of many
cytokines. But the therapeutic mechanism of acupuncture on
UC is still uncertain. As an important acupoint, ST36 is not
only for disorders of the lower limbs, but also for the whole
digestive system, even with certain effect on immunity. The
effect of EA at ST36 on UC has rarely been reported yet.
In this study, we induced UC in rats and stimulated them
with EA at ST36 (Zusanli). The aim of this study was to assess
the effect of EA stimulation at ST36 on UC, further investigate
its role of regulating TNF-α, explain the therapeutic mechanism
of EA on UC and provide new thought to acupuncture and
moxibustion.
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MATERIALS AND METHODS
Materials
Male SD rats weighed 220±20 g were purchased from
Experimental Animal Research Center, Fourth Military
Medical University. The rats were housed in an air-conditioned
animal room at 25±2
and 60 % humidity with food and
water available ad libitum, and drinking water was changed
every day. Hadecyltrimethylammonium bromide (HATB) was
purchased from Xizhong Chemical Co (Beijing, China). TNBS
was purchased from Sigma Chemical Co (St.Louis, MO). TNFα RIA kit was purchased from Dongya Biotechnology (Beijing,
China). Access RT-PCR System Kit was obtained from
Promega (Madison, WI). TRIzol Reagents were purchased
from Gibco BRL (Gercy-Pontoise, France).
Induction of ulcerative colitis
The rats were randomized into 4 groups (8 rats for each group):
normal control group, UC control group, UC+ EA at ST36
group and UC+ non-acupoint group. Rats were fast for 24
hours. Being gently anesthetized by ether, a rubber catheter
(OD, 2 mm) was inserted through anus into its colon whose
length in the lumen was 8 cm proximally. TNBS dissolved in
300 ml/L ethanol was instilled into the lumen of the colon
through the rubber catheter at the dose of 100 mg/kg[28,29]. Rats
of normal control group were treated by 90 mL/L NaCl solution
at the same dose.
EA stimulation
Rats in wakefulness state of UC+ST36 group were stimulated
at ST36 (bilateral) which lies just 0.5 cm below fibular head
of hinder leg in rat, while those of UC+non-acupoint group
were done at 0.5 cm beside ST36 [33,35,40]. These rats were
immobilized in special cages, and then were stimulated by the
intermittent pulse with 2Hz frequency, 4mA intensity for 30
minutes once a day and 10 times in all. Rats in other two groups
were immobilized in the same way with sham acupuncture
stimulation.
Preparation of the samples
All rats were weighed after 10 d treatment. Serum was separated
from blood drawn from carotid and then stored at -20 until
analysis. All rats were sacrificed simultaneously. The colon
was taken from the region, which was 8 cm proximal to the
anus. Along its mesenteric border, the colon was opened and
gently rinsed out of its contents with an iced NaCl solution 90
mL/L. The colon was then placed flat, with mucosal surface
upwards, on a plate chilled at 4 . The colon was immediately
examined under a stereomicroscope and any visible damage
was scored on a 0-5 scale by two independent observers blinded
to the treatment[28]. There was a highly significant linear
correlation between the scores assigned by the two observers
(r=0.98, P<0.001). The colon tissue was weighed after being
dried on a filter paper. Three tissue samples (1 mm3) were
excised from affected region of each colon and then were fixed
in 40 g/L glutaraldehyde for electro microscopic examination.
The remaining colon was stored at -70 .
Colonic MPO activity assay
The distal 6 cm segment of the colon was homogenized in 5
mL/L HTAB in 20 mmol/L phosphate buffer (pH=6.0, 50 mg
of tissue/ml). Homogenates were sonicated and centrifuged
for 15 min (15 000 r/min). The supernatant was assayed for
MPO activity by using a spectrophotometer, and 0.1 ml of
supernatant was mixed with 2.9 ml of 20 mmol/L phosphate
buffer (pH=6.0) containing 20 mmol/L guaiacol and 5 mL/L
hydrogen peroxide. The changes in absorbance at 460 nm were
measured with an Uvikon 860 spectrophotometer (Kontron
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Instrument, St. Quentin, France). MPO activity was expressed
as µkat/g. One µkat/g was defined as that degrading 1 µmol of
peroxides per second at 25
for 1 g of tissue.

Measurement of serum TNF-α concentration by TNF-α RIA kit
Measurement of TNF-α mRNA expression in colonic tissue
Total RNA of 100 mg colonic tissue was purified by TRIzol
Reagents. Reverse transcription (RT) was performed in a final
volume of 50 µl containing nuclease-free water, AMV/tfl
5×reaction buffer, dNTP mix (10 mM each dNTP), 50 pmol
specific primers, 25 mmol/L MgSO4, 5Mu/L AMV Reverse
Transcriptase, 5Mu/L tfl DNA Polymerase and 1 µg RNA.
cDNA was synthesized by incubating the solution for 50 minutes
at 48 and heating them for 2 minutes at 94 . Then 45 cycles
of PCR were performed in a thermal cycler, using the following
conditions: denaturation, 30 seconds at 94 ; annealing, 1
minute at 55 for TNF-α and 57 for β-actin; and extension,
2 minutes at 68 . At the end of the 45 cycles, further extension
was continued for 7 minutes at 68 . The primers were
TNF-α sense, 5’-AGAACTCCAGGCGGTGTCT-3’; TNF-α
antisense, 5’-TCCCTCAGGGGTGTCCTTAG-3’(484bp); βactin sense, 5’-AACCCTAAGGCCAACCGTGAAAAG-3’;
β-actin antisense, 5’-GCTCGAAGTCTAGGGCAACATA-3’
(343bp). Amplification of β -actin was used for the
determination of TNF-α mRNA expression level. 10 µl aliquots
of the synthesized PCR products were separated by
electrophoresis on a 22 g/L agarose gel and analyzed by GelPro version 3.1 software (Media Cybernetics). The ratio of
arbitrary unit (AU, Darea·Ddensity) of TNF-α over β-actin was
used for expressing the relative level of mRNA expression.
Statistical analysis
The results are expressed as mean ± SEM. All data were
analyzed by using ANOVA. P values <0.05 were considered
significant. All statistical calculations were performed using
the SPSS for windows version 10.0 software package.
RESULTS
Effect of EA on colonic morphology of UC rats
The levels of colonic tissue damage score and mC/mB of rats in
UC control group were increased significantly compared with
those of normal control group (P<0.01). In comparison with
those of UC control group, EA at ST36 made them decreased
markedly (P<0.01). EA stimulation at non-acupoint had few
effects on these two parameters (P>0.05,Table 1, Figure 1).
Table 1 Effect of EA on colonic tissue damage score
Group

nA

nB

P

1 2

8

8

0.000

1 3

8

8

0.000

1 4

8

8

0.000

2 3

8

8

0.006

2 4

8

8

1.000

3 4

8

8

0.040

1: Normal control; 2: UC Control; 3: UC+EA at ST36; 4: UC+EA
at non-acupoint. These classifications are qualified for all
figures.

Histological ultrastructure of colonic tissue was assessed
by electron microscopy. Colonic ultrastructure manifestations
of rats in UC control group and those in UC+non-acupoint
group were similar: exiguous goblet cells, scanty microvilli,
dilatations of endoplasmic reticula, mitochondria swelling
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and rounding, with loss of cristae and many inflammatory
cells infiltration. While in UC+EA at ST36 group, the results
of colonic electron microscopy were more microvilli with
well organized appearance, more goblet cells filled with
numerous mucous drop in colonic mucosa and only slight
mitochondria swelling compared with those of UC control
group (Figure 2-4).
12.5

b

bf

mC /mB(mg/g)

10.0

B

ade

7.5

Figure 3 Colonic ultrastructure of UC+EA at ST36 group: A,
goblet cells (TEM × 4 000); B microvilli and mitochondria
(TEM×8 000).

5.0
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0.0

1

2
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3

4

Figure 1 Effect of EA on mC/mB. aP<0.05, bP<0.01 vs normal
control; dP<0.01, fP>0.05 vs UC control; eP<0.05 vs UC+EA at
non-acupoint.

A

A

B
Figure 4 Colonic ultrastructure of EA+non-acupoint group:
A, goblet cells, microvilli and mitochondria (TEM×8 000); B,
endoplasmic reticula and mitochondria (TEM×10 000).
200

Figure 2 Colonic ultrastructure of UC control group: A, goblet
cells, microvilli, endoplasmic reticula and mitochondria
(TEM×10 000); B, inflammatory cells (TEM×2 500).
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Figure 5 Effect of EA on colonic MPO activity. bP<0.01vs normal control; cP<0.05, fP>0.05vs UC control; eP<0.05 vs UC+EA
at non-acupoint.

A

Effect of EA on colonic MPO activity
Colonic MPO activity of rats in UC control group was
significant higher than that in normal control group (145±25
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vs 24±8, P<0.01). After EA stimulation at ST36, colonic MPO
activity became lower than that in UC control group (104±36
vs 145±25, P<0.05). There was no significant difference
between UC control group and UC+non-acupoint group
(142±45 vs 145±25, P>0.05, Figure 5).

Effect of EA on the production and expression of TNF-α
Compared with normal control rats, serum TNF-α
concentration and colonic TNF-α mRNA expression level
increased 2.5 fold (2 278±170 vs 894±248, P<0.01) and 4.3
fold (0.98±0.11vs 0.23±0.11, P<0.01). Serum TNF-α and
colonic TNF-α mRNA expression were inhibited by EA
stimulation at ST36. The inhibitory rate was 16 % (1 913±232
vs 2 278±170, P<0.01) and 44 % (0.55±0.13 vs 0.98±0.11,
P<0.01), respectively. While the production of serum TNF-α
and the level of TNF-α mRNA expression were not affected
by EA stimulation at non-acupoint (2 183±209 vs 2 278±170,
0.92±0.17 vs 0.98±0.11, P>0.05, Figure 6, 7).
1
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2 000bp
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Figure 6 Effect of EA on TNF-α mRNA expression. A: Representative pictures of RT-PCR. Lane 1, 4, 7, 9: β-actin. Lane 2, 3,
6, 8: TNF-α. Lane 5, 10: DNA Marker (DL2000). B: Relative
level of TNF-α mRNA expression. bP<0.01 vs normal control;
d
P<0.01, fP>0.05 vs UC control; gP<0.01 vs UC+EA at nonacupoint.
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Correlation among parameters quantified above
There were significant correlations between serum TNF-α
concentration and colonic MPO activity (r=0.815, P<0.01),
serum TNF-α and damage scores (r=0.877, P<0.01), serum
TNF-α and mC/mB (r=0.691, P<0.01). colonic TNF-α mRNA
expression level was highly correlated with colonic MPO
activity (r=0.791, P<0.01), damage scores (r=0.827, P<0.01),
and mC/mB (r=0.686, P<0.01). The correlation matrix is shown
in Table 2.
Table 2 Correlations among the parameters (r)
Parameters

TNF-α
TNF-α mRNA
mC/mB
MPO
Damage scores

10

4

Figure 7 Effect of EA on serum TNF-α concentration. bP<0.01
vs normal control; dP<0.01, fP>0.05 vs UC control; eP<0.05 vs
UC+EA at non-acupoint.
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TNF-α

1

TNF-α mRNA

mC/mB

MPO

Damage scores

0.814

0.691

0.815

0.877

1

0.686

0.791

0.827

1

0.759

0.770

1

0.902
1

DISCUSSION
UC is a non-specific inflammatory bowel disease. Many factors
including infection, environment and immune abnormality may
involve in the pathogenesis of UC, in which abnormal
immunoregulation plays an important role[2-4]. There is strong
evidence that inflammatory immunoregulation in the intestinal
mucosa is characterized by increased concentrations of
proinflammatory cytokines with apparent inability to
adequately downregulate immune activation. UC showed
significantly increased mRNA expression of interleukin-1beta
(IL-1β), interleukin-6 (IL-6), interleukin-8 (IL-8) and TNF-α
in large numbers of cells throughout the inflamed intestine
but also in some macroscopically unaffected tissue specimens.
Elevated concentrations of proinflammatory cytokines were
also found in serum, colonic mucosa, spleen and colorectal
perfusion fluids in UC[7-12]. There is significant correlation
between the production of these cytokines and the activity of
UC. The increased production of proinflammatory cytokines
is thought to be a pivotal factor in the pathogenesis of UC. It is
accepted that TNF-α may be particularly important for
inducing and sustaining intestinal inflammation in UC. It is
known from many studies that TNF-α is expressed in human
gastrointestinal mucosa, and that the expression is strongly
enhanced in the inflammatory course of UC. TNF-α production
in the gut has been attributed to monocytes, macrophages,
natural killer cells, T lymphocytes and mast cells. TNF-α is
known to induce the synthesis of IL-6 and IL-8. TNF-α and
IL-1β induce each other. The effects of IL-1β and TNF-α
appear synergistic. These cytokines regulate many nuclear
factor kappaB inducible genes that control expression of other
cytokines, cell adhesion molecules, immunoregulatory
molecules, and proinflammatory mediators[13]. Enhanced
production of TNF-α and IL-1β may induce some key enzymes
of the inflammation cascade and neutrophils chemotaxis. TNFα can also induce more production of nitric oxide (NO) and
inducible nitric oxide synthase (iNOS), which further promotes
inflammation than IL-1β[14-20]. High levels of proinflammatory
cytokines in the mucosa lead to the excessive production of
matrix degrading enzymes by gut fibroblasts, loss of mucosa
integrity and ulceration[21].
MPO is an enzyme found predominantly in the azurophilic
granules of polymorphonuclear neutrophils (PMN) and has
been used as a quantitative index of inflammation in several
tissues, including intestine. PMN are the most abundant cell
type in intestinal lesions in UC. PMN carry the capacity to
secret increased amounts of TNF-α and IL-1β in active UC
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and infectious colitis. Neutrophils may be important
contributors to the initiation and perpetuation of mucosa
inflammation[27].
Quantitative indexes of inflammation (damage scores,
colon mass and MPO activity) were elevated significantly in
UC[22-26]. This study showed that in UC control group, erosion
and ulceration induced by TNBS were so particularly severe
in rectum and even extended to the proximal colon that damage
scores and colon mass were increased markedly, neutrophil
infiltration was characteristically present in the lesions and
surrounding mucosa, MPO activity at lesions sites was
increased, serum TNF-α concentration and colonic TNF-α
mRNA expression level elevated significantly compared with
those of normal control rats. All these parameters correlated
significantly with each other. So TNF-α is a key inflammatory
mediator in the pathogenesis of UC.
Based on recent studies, several new therapeutic strategies
are currently tested in clinical practice including inhibitors of
proinflammatory cytokines (TNF-α, IL-12) and their receptors
(TNF-α, IL-6R), in which anti-TNF-α has been impressive.
These new therapeutic strategies have demonstrated efficacy
in refractory UC patients. But there are still many problems to
solve including the best way of therapy and side effects before
they are formally applied to UC patients. Other potent
medications with side effects limit patients’ acceptance. While
the advantages of acupuncture treatment for UC have been
obvious[39].
Acupuncture is one of the most important part of traditional
Chinese medicine (TCM) which possesses a unique theoretical
systems, rich clinical experience and excellent clinical effects.
TCM theory says: inharmony between Qi and blood, and
imbalance between Yin and Yang can lead to disease. EA at
acupoint is able to stimulate meridians to transport Qi and
blood, regulate Yin and Yang keeping the functions and
activities of all parts of the body in harmony and balance
relatively.
As an important acupoint in TCM, ST36 is the lower He(Sea) point. This point has a tonifying function. It is an
important point for health maintenance and disorder of stomach
and abdomen. Recent studies have shown that EA stimulation
at ST36 may regulate nerve-endocrine-immune network by
influencing the production and expression of neurotransmitters,
hormones and cytokines [30-37]. EA stimulation at ST36
significantly restores brain-derived neurotrophic facto (BDNF)
mRNA expression declined by emergency[38]. EA stimulation
at ST36 improves the immune function by inducing interlukin2 (IL-2) and interferon-gamma (IFN-γ) production of spleen
lymphocytes in traumatized rats. ST36 stimulated by EA can
also inhibit abnormal IL-1 increment induced by trauma and
even disease. Li et al[40] found that high levels of serum IL-1β,
IL-6, TNF-α and NO induced by lipopolysaccharide in rats
were decreased significantly by EA stimulation at ST36.
Acupuncture at acupoints such as Tianshu(ST25), Guanyuan
(Ren4) has a marked curative effects with few side ones on
UC, and therefore was readily acceptable to the patients[39].
But its therapeutic mechanism is still unclear. There are only a
few studies on its corresponding theory. Some studies showed
that EA stimulation at Qihai(RN6) and Tianshu(ST25) may
downregulate the expression of proinflammatory cytokines
mRNA (IL-1β mRNA, IL-6 mRNA) and iNOS mRNA of
spleen and colon in UC rats, whereas it could upregulate IL1α mRNA expression. It is reported that acupuncture
stimulation at acupoint reduces the excessive production of
TNF-α positive cells of colonic mucosa in rats with UC. The
study of effect of EA stimulation at ST36 on UC has rarely
been reported yet.
This study showed that in UC+EA at ST36 group, lesion
formation was inhibited grossly and microscopically,
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neutrophil infiltration and MPO activity in and around lesions
were lessened, serum TNF-α concentration and colonic TNFα mRNA expression level were decreased significantly. These
results suggest that EA stimulation at ST36 can inhibit
effectively inflammation cascade in UC. But these parameters
were not restored to normal levels by EA stimulation at ST36
without being accompanied by other acupoint.
In summary, this study showed EA stimulation at ST36
has therapeutic effect on UC by reducing serum TNF-α
concentration and colonic TNF-α mRNA expression level,
decreasing colonic MPO activity and alleviating colonic
inflammation damage. Its therapeutic mechanism is attributed
to its downregulation effect on TNF-α, which is a key
proinflammatory cytokine. It is still unknown whether EA can
keep the balance between proinflamamtory cytokines and antiinflammatory cytokines by upregulating the key antiinflammatory cytokines (IL-4, IL-10, IL-13) when it
downregulates proinflammatory cytokines. Its mechanism of
regulating cytokines needs further study.
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Abstract
AIM: To determine whether serum leptin level and the leptin
receptor (OB-R) expression in the basolateral amygdala (BLA)
change following conditioned taste aversion (CTA) formation.
METHODS: The serum leptin concentration was measured
by rat leptin RIA kit, long and short forms of leptin receptor
(OB-Rb and OB-Ra) mRNA in the brain sections were
examined by in situ hybridization (ISH) and the expression
of OB-R was assessed by immunohistochemistry ABC method
with a highly specific goat anti-OB-R antibody.
RESULTS: The level of serum leptin didn’t show significant
difference between CTA and control group. Comparing with
the control group, the CTA group had an increase on count
of OB-R immunohistochemistry positive-stained cells in the
BLA (127±12 vs 48±9 per 1 mm 2). The OB-Rb mRNA
expression level enhanced by 11.9 % in the BLA, while OBRa mRNA level increased by 7.4 % on the choroid plexus in
CTA group. So BLA was supposed to be a region where
interactions between gustatory and vagal signals take place.
CONCLUSION: BLA is one of the sites, which are responsible
for CTA formation in the brain. Leptin and OB-R maybe
involved in neuronal communication for CTA. So leptin and
its receptors probably take part in CTA and integration of
autonomic and extroceptive information.
Han Z, Yan JQ, Luo GG, Liu Y, Wang YL. Leptin receptor expression
in the basolateral nucleus of amygdala of conditioned taste
aversion rats. World J Gastroenterol 2003; 9(5): 1034-1037
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INTRODUCTION
Conditioned taste aversion (CTA) is a protective reflex by
which an animal learns to discriminate and to reject potentially
harmful substances by their flavor. When the consumption of
novel flavored food is followed by internal malaise, animals

avoid ingesting the food on subsequent presentations[1,2]. The
anatomical substrates responsible for CTA learning have been
well established [3]. But the neurotransmitters involved in
neuronal communication for CTA are not yet well known.
Leptin has been discovered since 1994 by Zhang et al
(Nature 1994; 372:425-431) as the product of the ob gene.
Leptin (OB protein) is produced primarily by adipose tissue
and secreted into the bloodstream, then delivered to the brain.
In the brain some specific receptors of leptin have been
characterized, especially in hypothalamic nuclei where express
neuropeptides and neurotransmitters that were involved in the
long-term regulation of food intake and metabolism rate[4-7],
therefore, leptin serves as a unique feedback signal system to
submit information regarding to adipose tissue energy store
into the central nervous system[8]. As leptin level growth
coincidence with adiposity increment in rodents and mankind,
it is proposed to act as a negative feedback ‘adipostatic signal’
to brain centers and control energy homeostasis, prevent from
obesity in time of nutritional abundance[9].
In recent years leptin receptor has been found to be expressed
in the amygdala[10], especially in the basolateral amygdala
(BLA)[11]. The interest in amygdala which acts as a regulator
of weight and intake behavior has also been warming up.
Amygdala is one of critical centers to regulate weight and
ingestive behavior. Robust increases in body weight and food
intake has been observed in rats with lesions of the BLA and
postorodorsal amygdala (PDA) (Brain Res 1996;740:193-200).
In addition to food intake alteration, lesions (electrolytic and
excitotoxic) in the amygdala have also been known to disrupt
the formation of conditioned taste aversion (CTA), particularly
lesions placed in the BLA[12-15]. The sense of taste lies in the
interface between the external and internal of milieus and
participates in control of motivational processes which guide
dietary selection. The amygdala plays an important role in the
initiation and guidance of autonomic and exteroceptive
information[16].
The present study was undertaken to further investigate
possible changes of the leptin receptor expression accompanied
with learning and maintaining of CTA.

MATERIALS AND METHODS
Animals
Twenty healthy adult male Sprague-Dawlay rats, weighing
200-250 g, were used in all experiments. Every rat was housed
at one cage in a temperature -controlled room (18-24 ) on a
12 h light/dark cycle and allowed food (rodent chow) and water
ad libitum for 3 days. All rats were randomly grouped into 2
groups. Each group consisted of 10 rats.
Behavior experiment
Rats were water-deprived for 24 h prior to test day. At 08:30
to 09:00 from day 1 to 5, the rats were trained to drink distilled
water for 30 min in the home cages. At the same time on day
6, each rat in test group received an ip injection of 0.15 mol/L
LiCl (2 % body weight) as an unconditioned stimulus (US)
soon after 30 min of free access to 1 g/L (0.005 mol/L) sodium
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saccharin instead of water as a conditioned stimulus (CS). Rats
in control group received an ip injection of an equivalent
volume of 0.15 mol/L NaCl. From day 7 to 9, all rats have
accessed to distilled water for 30 min. On day 10, the rats were
presented with 1 g/L saccharin for 30 min. The volumes of
intake of the CS were recorded on day 6 and 10.

Sample collection
Rats were anaesthetized with urethane (1.2 g/kg, ip). Then the
tail was cut, the whole blood glucose level was measured by
One Touch Brand blood glucose meter (Lifescan inc, USA).
Then opened thorax and 2 mL blood was drawn from the aorta
and put into dry tube allowing to clot for 1 h. Serum was
separated by centrifugation (2 000 r/min) for 20 min. Then the
rats were perfused via the ascending aorta with 300 ml of 8.5
g/L saline (room temperature) followed by 300 mL of
paraformaldehyde (PFA, 4 g/L, pH 7.4). Brains were dissected
out and then post-fixed in the same fixative for 3 hours at 4 .
After being paraffin embedded, three series of sections were
cut coronally at a thickness of 5 µm, thaw-mounted on polyL-lysme-coated glass slides and stored at -70 . One of the
series was used for immunohistochemical staining, another for
ISH. The remaining series of sections were stained with
hematoxylin-eosin.
The assay of serum leptin
Serum leptin and insulin were measured by radioimmunoassay
(RIA) (rat leptin RIA kit, rat insulin RIA kit, Linco Research,
St, Louis, MO). The lower limits of sensitivity of the assay are
0.5 µg/L and 0.1 µg/L.
Immuohistochemistry
Endogenous peroxidase activity was blocked with 0.01 mol/L
PB containing 0.3 mL/L hydrogen peroxide. Then the sections
were heated to 92
in citric acid (pH 6.0). After that the
sections were rinsed with 0.01 mol/L phosphate-buffered saline
(PBS), incubated with 15 mL/L blocking serum in PBS for 1 h.
for 40 h with goat
The sections were incubated at 4
polyclonal antiserum against leptin receptor (antiserum Sc1834 with dilution at 1:100, Santa-Cruz Biotechnology, CA,
USA). After incubation, the sections were immunostained by
the avidin-biotin complex method (goat ABC staining system,
Sc-2023, Santa-Cruz Biotechnology, CA, USA). The sections
were mounted on slide glasses, dried and dehydrated in a
graded ethanol series, and covered with balata.
To verify the specificity of staining, some sections were
incubated with non-immune serum instead of the primary
antiserum, or with the primary antiserum without the second
antiserum to serve as a negative control. No LR-IR was
observed in the negative control tissue.
In situ hybridization
Prior to hybridization, the sections were deparaffinized,
incubated at 37 in 2 mg/L of proteinase K for 25 min. Post
fixation was performed in a PFA solution and the sections were
treated with 2 mol/L HCl. The specific oligonucleotide probes
are 5’-GGC TCC AGA AGA AGA CCA AAT ATC
(Nucleotide number 2 712-2 738 of Genebank sequence
D84500) for OB-Rb and 5’-CAA GCA TGG GCT GCA GTG
ACA TTA GAG (Nucleotide number 671-697 of Genebank
sequence D84550) for OB-Ra. The probe was terminally
labeled with digoxigenin-dUTP (Dig Oligonucleotide Tailing
Kit, Cat No.1417231, Roche, Germany) and tested by Dig
nucleic acid detection kit (1175041, Roche, Germany). Its
concentration was 100 nmol/L. Probe was prepared in a solution
containing 500 g/L formamide, 0.3 mol/L NaCl, 10 mmol/L
Tris, 1 g/L ssDNA, 1× Denhardt’s solution, and 100 g/L dextran
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sulfate, then they were hybridized to sections at 50
for 1618 h. After hybridization, the slides were washed sequentially
in 2× saline-sodium citrate (SSC) for 30 min followed by rinses
in 1×SSC, 0.5×SSC. Then they were incubated with
phosphatase-labeled anti-digoxigenin antibody (1:400) at 37
for 2 h. Staining was performed with a freshly prepared
substrate solution of Nitro Blue Tetrazolium and 5-bromo-4chloro-3-indolyl phosphate. Then the sections were restained
by methyl green.
To assess the specificity of labelling, control sections were
co-incubated with a 100-fold excess of unlabelled probe in
addition to the corresponding DIG-labelled probe. No labelling
above background was detected in those sections.

Quantification and data analysis
On the basis of volumes of following two test days, we
calculated a CTA index as an indicator of the strength of CTA
formation. The larger this index, the stronger the acquisition
of CTA: CTA index=1-(total saccharin intake on day 10/total
saccharin intake on day 6).
Some sections were photographed. Then expression of
leptin receptor immunoreactivity was quantified by counting
positive-stained cells in BLA of five adjacent brain sections.
All films of ISH were analyzed by using a computer-assisted
image analysis system, multi-analyst, connected to a GS 690
Imaging Densitometer (Bio-Rad, USA). Quantification of
mRNA expression levels was obtained by measuring the
average density of each region in five adjacent brain sections.
All data are shown as the x±s x for groups based on eight
rats in each group. Analysis was performed by SPSS software.
Unpaired, two tailed t-test and Anova comparison test were
used with P<0.05 be considered as sufficient to reject no
difference hypothesis.
RESULTS
There were no significant differences of weight, glucose level,
serum leptin and serum insulin level (Compared with control
rats, P>0.05) between test and control groups (Table 1).
Table 1 Comparison of weight, glucose level, serum leptin
and insulin between test and control groups (x±s)
Group

n

Weight (g)

CTA
Control

8
9

227.2±11.7
226.3±10.2

Glucose Leptin (µg/L) Insulin(µg/L)
6.2±0.8
6.4±1.2

2.2±0.4
2.1±0.4

1.2±0.4
1.4±0.5

Many neuronal cell bodies and dendritic processes in the
amygdala expressed leptin receptor immunoreactivity (LR-IR).
The expressed immunoreactivity was quantified by counting
positive-stained cells. Compared with the control group, the
expression of leptin receptor was increased by 166.7 % in BLA.
The average number of LR-IR positive cell was 127±12 vs
48±9 per 1 mm2 (t=12.67, P=0.000). LR-IR was mainly found
in the membrane of cells in the control group. In CTA rats, it
was shown that LR-IR mostly deposited in cytoplasm and
membrane. That is to say, LR-IR immigrated into cells after
CTA leaning (Figure 1).
By means of CTA learning, rats displayed a significant
difference at the level of OB-Rb mRNA expression in the
BLA. Compared with the control group, the levels of OB-Rb
mRNA increased by + 11.9 % (116.5±10.8 vs 104.3±10.9).
The level of OB-Ra mRNA on the choroid plexus also rose
up by 7.4 % (114.2±12.0 vs 106.1±13.8 (Figure 2, 3)). After
CTA learning, the expression of both OB-Rb mRNA in the
BLA and Ob-Ra mRNA on the choriod plexus have
significantly enhanced.
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Figure 1 LR-IR positive cells in BLA of rats. A: CTA group; B: control group.
Figure 2 OB-Rb mRNA expression in BLA of rats. A: CTA group; B: control group.
Figure 3 OB-Ra mRNA expression on choriod plexus of rats. A: CTA group; B: control group.

DISCUSSION
BLA and CTA
Many researches have observed deficits in the CTA paradigm
after functional disruption of the BLA, which included
electrolytic lesions, ibotenic acid lesions[17-20]. The amygdala
has long been believed to be associated with the control of
emotions, motivation, and hedonic tone[21,22]. The amygdala
receives information from various sensory modalities via the
neocortex and directly from the thalamus, brain stem and plays
an important role in ingestive behaviors. In rodents, the
amygdala is one of the major recipients of gustatory projections
to forebrain. The nucleus tractus solitarius (NTS) in the medulla
receives taste information from peripheral taste nerves and
sends gustatory information to the pontine parabrachial nucleus
(PBN). Gustatory neurons in the PBN pass through two parallel
ascending paths, one path goes to thalamocortical axis and the
other directly goes to the amygdala[23]. Gustatory and visceral
information from the PBN may travel through the insular cortex
or the thalamus, ultimately reaching the BLA. All these appear
to be the routes relevant to CTA[2]. On the basis of the typical
CTA paradigm in which ingestion of a taste solution is paired
with an ip injection of LiCl as an illness-inducing agent, CTA
can be thought in a simple framework of association learning
between taste information via the taste nerves and general

visceral information via the vagus nerve.
So BLA has been characterized as a region where presents
of the internal and external worlds overlap, and it permits the
animal to assess physiological needs in relation to the external
resources, which are available to fulfill. As a result, the
amygdala plays a critical role in the initiation and guidance of
feeding, on which relies an integration of autonomic and
exteroceptive information. Nishijo’s study suggested that the
activity of the amygdaloid neurons was altered when animals
must modulate ingestive behavior by learning a new stimulus
associated with food and being exposed to stress. The amygdala
may not contribute to gustatory processing by precise
discrimination, but by imparting hedonic appreciation and
emotional significance to the taste experience, and by mediating
the effects of conditional and of physiological needs on taste
perception[24].

Leptin and CTA
Leptin is a hormone believed to control appetite and regulate
body weight via receptors[25]. The leptin receptor is widely
distributed in the brain, including hypothalamus[26], pituitary[27]
and amygdala[10]. These observations suggest that leptin maybe
involved not only in the control of energy expenditure, but also
in other neuroendocrine functions[28,29]. The expression of OB-
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Rb and OB-Ra mRNA increased following by CTA formation
indicate that leptin and its receptors may take part in CTA
learning and interactions between gustatory and vagal signals.
To date, six different alternatively spliced isoforms have
been identified, referred to as OB-Ra-f (Nature 1996;379:632635). They are classified by the length of intracellular domains
of the receptors. The long form of the receptor, OB-Rb is taken
as the main functional receptor, which is capable of signaling,
and is thus able to mediate the biological effects of leptin[30].
Short forms, especially OB-Ra may play a role not only in
transport but also in clearance or as a source of soluble receptor
(J Biol Chem 1997; 272:6093-6096). The leptin receptor on
the choroid plexus plays an important role in transporting
plasma leptin into the brain[31].
In the present study, although the level of serum leptin has
not changed, strong expression of OB-R protein and OB-Rb
mRNA has been found in the BLA and OB-Ra mRNA level
increasing on the choroid plexus after CTA formation. All these
results suggest that leptin receptor may participate in the
formation of CTA. After CTA formation, LR-IR was expressed
in the cytoplasm and the membrane of cells. It can be predicted
that the function or activity of leptin receptor maybe change
in the formation and maintenance of CTA.
Leptin is well known for its regulation of food intake and
body weight. It also acts as a sweet-sensing suppressor. After
i.p. injection of recombinant leptin, the sucrose and saccharin
responses decreased parallelly along with the serum leptin level
increased[4]. So leptin and its receptors possibly act as a mediate
factor between feeding and taste. It maybe a sweet-sensing
modulator that takes part in regulation of food intake. But in
the present immunohistochemistry staining, the primary
antibody reacts with all isoforms, including the long and short
forms of receptors. Thus the antiserum could not discriminate
the isoforms. Further studies are necessary to clarify the
functional significance of OB-R isoforms of different aspects
in taste aversion learning.
In summary, we have discovered (1) Expression of OB-Rb
mRNA and OB-R protein were increased by means of CTA
learning in the BLA; (2) OB-Ra mRNA levels enchanced
followed by CTA formation on the choroid plexus; (3) LR-IR
immigrated into cells after CTA formation.
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Abstract
AIM: To investigate changes of tumor necrosis factor-α (TNFα) and TNFR-I expression in vital organs and their significance
in the pathogenesis of multiple organ damage associated with
endogenous endotoxin following major burns.
METHODS: Wistar rats subjected to a 35 % full-thickness
scald injury were sacrificed at 12 h, 24 h, 48 h, and 72 h
postburn, respectively. Meanwhile, eight rats were taken as
normal controls. Tissue samples from liver, spleen, kidney,
lung and intestine were collected to assay tissue endotoxin
levels and measure TNF-α and TNFR-I expression. In
addition, blood samples were obtained for the determination
of organ function parameters.
RESULTS: Endotoxin levels in liver, spleen and lung
increased markedly after thermal injury, with the highest
level in liver. The gene expression of TNF-α in liver, lung
and kidney was up-regulated after thermal injury, while
the TNFR-I mRNA expression in liver, lung, kidney and
intestine was shown decreased throughout the observation
period. Thus, the mRNA expression ratio of TNF-α to TNFRI was significantly increased postburn, particularly in
pulmonary tissue (67-fold). In addition, the significant
correlations between the expression of TNFR-I or the
expression ratio of TNF-α/TNFR mRNA in liver tissue and
serum aspartate aminotransferase levels were noted (P
<0.05-0.01). Similar results were also obtained between
pulmonary TNF-α mRNA expression and myeloperoxidase
activities (P<0.01), whereas there was a highly negative
correlation between levels of renal TNFR-I mRNA expression
and serum creatinine.
CONCLUSION: Burn injury could result in the translocation
of gut-derived endotoxin that was mainly distributed in the
liver, spleen and lung. The translocated endotoxin then made
the expression of TNF-α and TNFR-I mRNA up-regulated
and down-regulated respectively in various organs, which
might be involved in the pathogenesis of multiple organ
damage following burns.
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INTRODUCTION
Gram-negative bacterial sepsis with resulting multiple organ
dysfunction syndrome (MODS) and death continues to be a
major problem in critical surgical patients. Lipopolysaccharide
(LPS), an integral component of the gram-negative bacterial
cell membrane, is responsible for many, if not all, of the toxic
effects that occur during gram-negative sepsis. Both
experimental and clinical data recently implicated that gutderived bacteria or endotoxin translocation might play a role
in the development of sepsis and multiple organ damage in
critically ill patients, especially after trauma, thermal injury,
hemorrhagic shock and major elective surgical procedure[1-3].
It has also become clear that endotoxin initiates an
inflammatory cytokine and mediator cascade, and these
mediators, in turn, act on additional target cells to produce an
array of pro-inflammatory cytokines leading to cardiovascular
shock, MODS, or even death[4-7]. Among these inflammatory
mediators, tumor necrosis factor-α (TNF-α) in particular
occupies a pivotal role in the pathogenesis of inflammation,
cachexia, septic shock and tissue injury.
TNF-α exerts its pleiotropic effect by interacting with two
high affinity receptors termed TNFR-I (55 kilodaltons) and
TNFR-II (75 kilodaltons) on a variety of cells[8]. Both TNFRs
also exit in soluble forms[9]. The soluble TNFRs (sTNFRs) are
produced by proteolytic cleavage of the extracellular domain
of TNFRs. The biological role of sTNFR appears to be dosedependent. For instance, at low concentrations, sTNFRs
stabilize the trimeric structure of TNF-α, thereby slowing its
spontaneous decay of bioactivity, and augmenting the longterm effects of TNF-α by providing a reservoir of bioactive
TNF-α that is slowly released. When more quantities of
sTNFRs are present, however, they reduce the bioactivity of
TNF-α by competing for TNF-α binding with cell-associated
receptors. These above regulatory processes may modulate
TNF-α activity in response to inflammation. In this regard, to
obtain a complete view of the in vivo pathophysiologic roles
of TNF-α, one should further study the regulation of TNF-α/
TNFR and the balance between them. Since most of the known
cellular TNF-α responses occur through TNFR-I, we
investigated the expression changes of TNF-α and TNFR-I in
vital organs, and their significance in the pathogenesis of
multiple organ damage associated with endogenous endotoxin
following major burns.
MATERIALS AND METHODS
Animals and thermal injury
Male Wistar rats (weight range 250-300 g), purchased from
the Laboratory Animal Center, Beijing, China, were used for
the study. The animals were housed in separate cages in a
temperature-controlled room with alternating 12-h light-dark
cycles, and were allowed to acclimatize for at least 7 days
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before being used. All animals had free access to water, but
were fasted overnight prior to the experiment. After the rats
were anesthetized by the intraperitoneal (i.p.) injection of
pentobarbital sodium (40 mg/kg), their dorsal hair was shaved
and a 35 % of total body surface area with full-thickness burn
was inflicted by immersion of the dorsal skin in a 100 water
bath for 12 s. All animals received Ringer’s solution (50 ml/
kg) administered i.p. after burn injury for resuscitation, and
the burn wounds were treated with an antibacterial agent
everyday as a prophylactic measure against wound infection.
All experimental manipulations were undertaken in accordance
with the National Institute of Health Guide for the Care and
Use of Laboratory Animals, and with the approval of the
Scientific Investigation Board of the Burns Institute,
Postgraduate Medical College, Beijing.

Experimental design
A total of 46 animals were sacrificed at each of following time
points: 12 h, 24 h, 48 h and 72 h postburn. Meanwhile, eight
rats were taken as normal controls. Under anesthesia, systemic
blood samples were obtained. Then tissue specimens were
taken from mesenteric lymph nodes (MLNs), liver, spleen,
kidneys, lungs, and intestine.
Bacterial translocation
The MLNs, spleen, liver, kidney, lung and subeschar tissues
were removed aseptically in this order. Each organ sample
was weighed, homogenized in 2 ml of sterile saline under
aseptic conditions, and 100 µl of the homogenate were plated
on Chinese blue agar and 5 % sheep blood agar. After 48 h of
aerobic incubation at 37 , all agar plates were examined for
growth. The number of viable microorganisms per gram of
organ tissue was calculated, and the obtained organisms were
identified by standard bacteriological techniques.
Tissue endotoxin measurement
Tissue specimens from liver, spleen, kidneys and lungs were
aseptically removed, and were homogenized in 3-fold volume
pyrogen-free saline on ice. The homogenate was stored at -20
until analyzed. The tissue endotoxin levels were measured by
the chromogenic Limulus Amebocyte Lysate (LAL) assay with
the procedure based on the LS-1 kit (Seikagaku Corp., Tokyo,
Japan) protocol modified by perchloric acid (PCA) treatment
of samples to remove nonspecific activators or inhibitors of
the lysate[10]. Briefly, 150 µl of 0.32 M PCA were added to 75
µl of homogenate in an ice bath, and the mixture was incubated
for 20 min. After centrifuged (Kubota Corp., Japan)
at 37
at 3 000 rpm for 15 min, the supernatant was neutralized with
an equal volume of 0.18 N NaOH. Then, 100 µl of the
supernatant was incubated for 18 min at 37
with 50 µl of
amebocyte lysate. Chromogenic substrate then was added, and
after 3 min of further incubation, the reaction was stopped.
The amount of p-nitroaniline (pNA) released from the substrate
was determined, after diazo-coupling, by the absorbance of
the solution at 545 nm (Beckman Corp. U.S). The endotoxin
concentration expressed as endotoxin units per gram of organ
tissue was calculated from a standard curve derived from the
assay of s standard endotoxin (Lot EC-5, endotoxin unit (EU)
=100 pg of U.S. standard endotoxin). The detection limit with
this method was 0.01 EU/ml.
RNA extraction and reverse-transcription-polymerase chain
reaction
Tissue samples from liver, lungs, kidneys and intestine were
stored in liquid nitrogen until analysis. Extraction of total tissue
RNA was performed with guanidine isothiocyanate according
to the method by Chromczynski and Sacchi[11]. First-strand
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cDNA was synthesized using oligo-dT primer and the AMV
reverse transcriptase (Promega Corp., Madison, WI). In brief,
2 µg of total RNA was reversely transcribed by adding 20 µl
of a master mixed with 1 U/µl RNase inhibitor, 0.025 µg of
random hexamers, 5 mmol/L MgCl2, 1×reverse transcriptase
buffer, 1 mmol/L of dNTP mixture, and 0.7 U/ml AMV reverse
transcriptase (final concentrations indicated). Samples were
incubated at 42
for 60 min.
For the cDNA amplification, the PCR with hot start
technique was used, in which Taq polymerase was added to
each tube at 88 with Thermal Cycler (Perkin-Elmer Corp.,
U.S.). The PCR mixture contained a final concentration of 0.2
µmol/L specific primers for TNF-α and TNFR-I (from Beijing
Medical University), 1×PCR buffer, 1.5 mmol/L MgCl2, 0.2
mmol/L of each dNTP and 0.5 U/25µl Taq polymerase
(Promega Corp., Madison, WI). After a 5-min initial melting
step at 97 , the PCR with 28 to 32 cycles was carried out
[94 1 min for denaturation; 58 (TNF-α) or 63 (TNFRI) 1 min for annealing; and 72
1 min for extension]. The
final cycle was followed by a 10-min soak at 72 . The
sequences of primer pairs, and predicted sizes of the amplified
PCR fragments were shown in Table 1. The house keeping
gene β-actin was used as internal controls for standardization
of PCR product[14].
Table 1 Primer sequences used for polymerase chain reaction
(PCR)
Target
gene

Oligonucleotide
primers

TNF-α

5’-AGA ACT CCA GGC GGT GTC TCT G-3’

Size of PCR
production, bp

Ref.

415

8

347

9

5’-GT GGC AAA TCG GCT GAC GGT GT-3’
TNFR

5’-CC ATC TGC TGC ACC AAG TGC CA-3’
5’-AA TCC TCG GTG GCA GTT ACA CA-3’

PCR products and molecular weight markers were subjected
to electrophoresis and visualized by means of ethidium bromide
staining. The cycle number of each study was chosen in a linear
range to avoid the plateau effect. The gel then was
photographed, and the negative scanned with a densitometer
(Pharmacia Corp., Sweden). Final data were expressed as a
ratio of the band of interest to the unregulated control (β-actin).

Tumor necrosis factor-α protein analysis
Liver, lung, kidney and intestine tissues were respectively
homogenized in 9-fold volume 0.01 mmol/L sodium phosphate
buffer, pH 7.2 in an ice bath, and centrifuged (Haerus Corp.,
Germany) for 20 min at 1 400 rpm, 4 . The supernatant was
stored at -20
until analysis. TNF-α concentration was
determined by a commercially available protocol (rat tumor
necrosis factor ELISA test kit; Endogen Corp., U.S.). In brief,
aliquots of freshly diluted standard concentrations of
recombinant rat TNF-α or samples were incubated in duplicate
on ELISA plates. ELISA wells were then sequentially exposed
to biotinylated antibody, streptavidin-HRP, and finally TMB
substrate. The reaction was terminated using stop solution. The
sample absorbance was detected at 450 nm with a plate reader
(Denley Corp., England) and the TNF-α concentrations were
determined by the reading of the standard curve. The sample
protein was measured by the method of Bradford[15], and the
detected tissue TNF-α was finally expressed as pg/mg protein.
Myeloperoxidase assay
Lung tissue was homogenized in a 9-fold volume of 20 mmol/
L potassium phosphate buffer, pH 7.4, and centrifuged (Hitachi
Corp., Japan) for 30 min at 35 000 rpm, 4 [16]. The pellet was
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resuspended in 1 ml of 50 mmol/L potassium phosphate buffer,
pH 6.0, containing 0.5 mg/dl hexadecyltrimethylammonium
bromide and frozen overnight at -70 . Then, the samples
were thawed, sonicated for 90 s at full power, incubated in a
60 water bath for 2 h, and centrifuged for 10 min at 35 000
rpm, 4 . 0.1 ml of supernatant, was added to 2.9 ml of 50
mmol/L potassium phosphate buffer, pH 6.0, containing 0.167
mg/ml o-dianisidine and 0.0005 hydrogen peroxide. The
sample absorbance was measured at 460 nm visible light (A460)
for 2 min (Beckman Corp., U.S.). Myeloperoxidase (MPO)
activity per gram wet lung (gwl) was calculated by the
following formula: Myeloperoxidase activity (units/gwl)=
( A460)×(13.5)/ lung weight (g), where A460 was the changes
in absorbance at 460 nm from 30 to 90 s after the initiation of
the reaction. The coefficient 13.5 was empirically determined
such that 1 unit MPO activity was the amount of enzyme that
would reduce 1mmole peroxide/min.

time points after severe burns (P<0.05), which was
predominantly detected in MLNs (the incidence was 30.0 %)
with the higher cultured bacterial number than that in other
organs (control: negative, postburn: 4.748±0.313 log10CFU/
g). The translocating organisms were predominantly E. coli,
but Klebsiella spp. and Enterecoccus species were also
identified. Meanwhile, the endotoxin levels in liver, spleen
and lungs were significantly elevated at 12 h postburn, with
the liver highest (control: 1.388±0.312 EU/g, 12 h postburn:
17.337±3.687 EU/g, P<0.01). Endotoxin levels in liver and
spleen then fell quickly, and elevated again at 48 h (2.805±0.306
EU/g in liver, 2.623±0.321 EU/g in spleen, P<0.01 compared
with the controls). On the other hand, endotoxin levels in
lungs maintained a high level till 72 h (control: 4.510±1.139
EU/g, 72 h postburn: 6.938±1.715 EU/g). There was no
significant difference in endotoxin levels in kidneys at any
time point postburn.

Diamine oxidase activity measurement
The small intestines were removed and stored in liquid nitrogen
before analysis. For measurement of intestinal diamine oxidase
(DAO) activity, the small intestine was homogenized in a
threefold volume of ice-cold phosphate buffer (0.1M, pH 7.2)
and centrifuged (Haerus Corp., Germany) for 30 min at 10 000
rpm, 4 . After the resulting upper layer was discarded, the
supernatant left was used as the source of the enzyme. DAO
activity was assayed according to the modified method[17]. The
assay mixture contained 3 ml of phosphate buffer (0.2 M,
pH7.2); 0.1 ml (4 µg) of horseradish peroxidase solution
(Shanghai Biochemistry Institute, China), 0.1 ml of odianisidine (Sigma Chemical, St. Louis, MO) methanol solution
(500 µg), 0.5 ml of intestinal homogenate or freshly diluted
DAO standard, and 0.1 ml of substrate (cadaverine
dihydrochloride from Sigma Chemical, St. Louis, MO) solution
(175 µg), which was incubated for 30 min at 37 . Then, the
absorbance was measured at 436 nm (Beckman Corp. Germany),
and the DAO activity was read on the standard curve. Sample
protein was measured as described previously[15]. The intestinal
DAO activity was calculated by the following formula: DAO
activity (units/mg protein) = DAO activity×(60)/protein
concentration.

Expression of TNF-α and TNFR-I in Tissues
The expressions of TNF-α mRNA in tissues (liver, lungs,
kidneys and intestine) were examined by RT-PCR as shown
in Figure 1, which revealed a constitutively lower level in the
control animals and a marked increase in burned subjects. The
expression of TNF-α mRNA in liver was increased to a
maximum at 12 h postburn (control: 0.020±0.013, 12 h
postburn: 0.140±0.032, P<0.05) and decreased thereafter
(Figure 1A), whereas that in the kidneys and lungs peaked at
48 h postburn with the increased expression by 10-fold and 8fold respectively (Figure 1B), among which the pulmonary
mRNA expression maintained at a higher level up to 72 h
postburn (P<0.05 compared with the controls). However, there
was a trend of lower expression of TNF-α mRNA in intestine
(Figure 1B).

Statistical analysis
Statistical analyses were done by using the statistical package
SAS 6.04, and the data were expressed as the mean ± SEM.
Statistical evaluation of the continuous data were performed
by one-way analysis of variance (ANOVA), following by either
Dunnett’s t test or Kruskal-Wallis test for inter-group
comparisons. Correlations between variables were tested by
Spearman’s correlation coefficients. The level of significance
was considered to be P<0.05.
RESULTS
Bacterial translocation and endotoxin levels in tissues
Microbiologic cultures from subeschar tissues were all
negative throughout the observation period, while the
bacterial translocation was significantly increased at various
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TNF mRNA

Organ function parameters measurement
Systemic blood samples were collected and serum was prepared
by centrifugation for 10 min at 2 000 rpm. Then, the samples
until analysis. Serum aminoleucine
were stored at -20
transferase (ALT), aspartate aminotransferase (AST), MB
isoenzyme of creatine kinase (CK-MB) and creatinine (Cr)
levels were determined with a biochemical autoanalyzer
(Model 7170; Hitachi Ltd., Japan).
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Figure 1 Semiquantitive analysis of tumor necrosis factor-α
(TNF-α) mRNA in various organs after thermal injury. Values
are reported as the ratio of TNF-α to β-actin signals. aP<0.05
and bP<0.01 as compared to the control values.

Tissue TNF-α protein assayed by ELISA exhibited higher
levels in both liver and intestine (Figure 2, A and B), with the
former that was increased by 25 % at 72 h postburn compared
with control values, and the latter that peaked at 48 h
postburn (control: 45.723±11.333 pg/mg protein, 48 h postburn:
80.448±14.018 pg/mg protein, P<0.05) and maintained at a
higher levels until 72 h postburn (61.357±4.902 pg/mg protein).
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Figure 4 mRNA expression ratio of tumor necrosis factor-α
to TNFR-I (T/R ratio) in observed organs after thermal injury.
a
P<0.05 and bP<0.01 as compared to the control values.

20
Control

12
24
Time (hour)

48

B

72

Figure 2 TNF-α protein levels in various organs after thermal
injury. Values are reported as pg/mg protein. aP<0.05 as compared to the control values.
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The ratio of TNF-α to TNFR-I mRNA (T/R ratio) in various
organs was investigated in the present study as shown in Figure
4, which revealed that T/R ratio in these organs was
significantly increased postburn, particularly in pulmonary
tissue that was 67-fold of control values at 48 h after burn
injury. T/R ratios in liver and kidneys reached at their
maximums between 24 and 48 h (P<0.05-0.01), whereas the
elevated ratio in lungs and intestine existed till 72 h postburn.

T/R ratio

However, there was no significant difference in TNF-α levels
in lungs at each time point postburn compared with the controls.
So was TNF-α levels in kidneys.
TNFR-I mRNA expression in vital organs by RT-PCR was
shown in Figure 3, in which abundant expression was observed
in the control animals, with the highest level in the liver
(1.029±0.215). After burn injury, however, TNFR mRNA
expression in liver, kidneys and lungs was shown to reduce
dramatically, with the lowest levels at 24-48 h postburn
(26.1-46.7 % of the control values). Though increased
gradually thereafter, TNFR mRNA levels in these organs were
shown lower than the control values at 72 h after thermal injury.
A remarkable decrease in intestinal TNFR mRNA expression
was also noted (17.3 % of the control values, P<0.05) and
maintained throughout the observation period.
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Figure 3 Semiquantitive analysis of tumor necrosis factor-α
receptor-I (TNFR-I) mRNA in observed organs after thermal
injury. Values are reported as the ratio of TNFR-I to β-actin
signals. aP<0.05 as compared to the control values.

Organ function parameters
Serum ALT and AST levels markedly increased after scald
injury, reaching a maximum between 12 and 24 h (4-5 folds
of control values, P<0.01 compared with the controls), and
remaining higher than control levels at 72 h postburn (P<0.050.01). Similarly, levels of serum CK-MB increased rapidly
postburn, peaking at 12 h (control: 1 193.875±195.427 U/L,
12 h postburn: 3 626.100±410.073 U/L, P<0.01), and then
decreasing gradually to baseline. However, serum Cr levels
were not significantly different between normal and burned
animals. There was a negative correlation between hepatic
TNFR mRNA and serum AST levels (r=-0.3930, P=0.0121).
Similar results were also obtained between renal TNFR mRNA
and serum Cr levels (r=-0.9295, P=0.0001). In addition, it was
noted significant correlation between T/R ratio in liver tissues
and serum AST levels (r=0.4409, P=0.0056).
MPO and DAO activities
The pulmonary MPO activity that stood for the neutrophil
sequestration was markedly increased after burns with the
peaking at 12 h and elevating till 72 h postburn. The mucosal
DAO activity, which might serve as a useful marker of intestinal
injury, tended to be decreased at each time point postburn. It
was noted that there was a significant correlation between
pulmonary TNF-α mRNA levels and MPO activities (r=0.4289,
P=0.0091), but there wasn’t between intestinal TNF-α mRNA
levels and DAO activities, as well as between MPO or DAO
activities and TNFR mRNA in lungs and intestine (P>0.05).
DISCUSSION
The role of endotoxin in the pathogenesis of septic shock and
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organ failure has been well established. It is almost an opinion
in unison that LPS initiates a cytokine cascade, and among
these cytokines TNF-α is recognized as the pivotal one to evoke
systemic responses to sepsis and injury[18]. Most of our current
knowledge on the in vivo induction and regulation of TNF-α
has been attained by measurement of serum cytokine levels.
To date, only a few studies have addressed the gene regulation
of the tissue-specific cytokines in vivo. In the current study,
we investigated mRNA of TNF-α as well as its receptor and
TNF-α protein expression in vital organs following severe
burns. It was found that thermal injury induced a marked
increase in mRNA of TNF-α. Hepatic TNF-α mRNA
expression increased early and transiently with a peak at 12 h,
whereas sustained elevation of TNF-α gene expression was
observed in kidneys and lungs. Especially in the latter, the
highest induced levels of TNF-α mRNA were found,
suggesting a possible role for TNF-α in mediating pulmonary
damage, which is commonly encountered in sepsis.
The investigations of Furse et al. have shown that TNF-α
mRNA levels were increased in monocytes of trauma patients,
and an increased amount of TNF-α protein was produced[19].
In the present study, we attempt to determine the association
between TNF-α mRNA expression and TNF-α protein
production by comparing their respective time course of
exhibition. Recent studies document that cytokines exert their
primary effects in a paracrine fashion at the local tissue level[20].
Andrejko et al. reported that the changes in TNF-α-dependent
hepatic gene expression accompanied an animal model of the
systemic inflammatory response syndrome correlated with
intrahepatic, and not plasma concentrations of TNF-α[21]. Since
circulating levels of cytokines may not appreciably reflect their
true biological activity in the affected tissues[22], we determined
tissue TNF-α protein expression in various organs instead of
plasma levels of TNF-α. To our surprise, the results revealed
that the changes in TNF-α protein did not correlate temporally
with increased expression of TNF-α mRNA in vital organs.
To explain the discrepancy, we offer the following possibilities.
Firstly, TNF-α is short-lived in plasma[23]. There was a transient
rise in TNF-α after the injection of E. coli or endotoxin, and
TNF-α became undetectable by 4-6 h[24]. Therefore it is likely
that the TNF-α response is too transient to be detected.
Secondly, shed soluble TNF-α receptors may interfere with
TNF-α activity in immunoassay [25]. Finally, despite of
transcriptional control, TNF-α production is also regulated
posttranscriptionally[26]. Thus, TNF-α protein concentration is
a cesspool of complex interactions regarding binding and
release from cell membranes, magnitude and kinetics of the
soluble receptors and natural cytokine antagonists, and rates
of catabolisms. Account of the aforementioned interfering
factors, we suggest that determination of TNF-α mRNA
expression may be more reliable to reflect the kinetics of
cytokine at the local tissue level.
A large body of clinical and experimental evidence suggests
that gut-derived endotoxemia following trauma, burns and
circulatory shock could result in TNF-α production, which
may play a key role in mediating subsequent septic response
and systemic tissue injury[27-29]. In burn injury, however, the
causative effect of locally accumulated endotoxin on TNF-α
mRNA expression in various organs is still not completely
understood. In the present study, it was found that endotoxin
levels in the liver, spleen and lung rose markedly after thermal
injury, peaking at 12 h. Endotoxin levels in liver and spleen
then lowered gradually, while pulmonary endotoxin levels
maintained a high level till 72 h. The temporal relationship
between the kinetic changes of TNF-α mRNA and that of
endotoxin levels in the visceral organs, as observed in the
present study, suggests that endotoxin originated from the
gastrointestinal tract appears to be one of the most potential
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triggers for TNF-α gene expression. Hadjimines et al.
demonstrated that TNF-α mRNA in peritoneal exudated
macrophages of mice rose fourfold after intraperitoneal
administration of endotoxin[30]. Similarly, cecal ligation and
puncture was shown to induce a rapid increase in hepatic and
pulmonary TNF-α mRNA by 3 h, remaining high for 18 h[31].
These findings are consistent with our data suggesting that
endotoxin can induce TNF-α gene expression in various tissues.
Monocytes have been demonstrated to be major producers
of the elevated TNF-α seen post-trauma. In the model used
here, hepatic macrophages appear to be the principal cellular
source of TNF-α, as the Kupffer cell population within the
liver is the largest fixed tissue macrophage population in the
body. Recent study had shown that Kupffer cells were the major
source of TNF-α in culture supernatants of hepatic perfusate
mononuclear cells from ethanol-consuming rats injected
LPS [32,33] . Additionally, blood monocytes, pulmonary
macrophages and peritoneal macrophages were also possibly
involved in TNF-α formation [30, 34-36] , since endotoxin
distributing to lung and spleen was evident after burns in the
present study. Unexpectedly, correlation analysis between
tissue endotoxin concentrations and TNF-α mRNA levels did
not reveal any significant correlation. From that, endotoxin
translocation originated from the gut may serve purely as an
initial trigger. Moreover, although endotoxin translocation occur
following severe burns, endotoxin may not be the sole agent
responsible for the subsequent induction of cytokine, whereas a
variety of factors, such as hypoxemia, shock, and necrosis tissues,
may be also involved in cytokine production[37].
The majority of human cells express high-affinity receptors
that mediated the biological activities of TNF-α. The potent
regulatory abilities of TNF-α are transduced by two distinct
cell surface receptors, namely 55 kd (TNFR-I) and 75 kd
(TNFR-II) relative molecule mass[38]. In inflammation, the
receptors activate both unique and synergistic responses.
Studies of TNFR knockout mice have established that TNFRI plays a predominant role in LPS-induced inflammatory
diseases and mediate the lethal effects of endotoxin [39-41].
Furthermore, mice lacking TNFR-I showed resistance to
endotoxin challenge[42]. Therefore, we attempted to observe
the mRNA expression of this receptor in vital organs. It was
found that although normal tissue expressed TNFR mRNA
abundantly, with the highest level in liver, TNFR mRNA
expression in various organs plummeted after burn injury.
Previous study has shown that loss of monocyte surface TNFRs
is an early event in the response to endotoxiemia[43]. The nadir
of this response occurred 2 h after endotoxin administration,
and the monocyte surface TNFR levels then returned to baseline
within 6 h after endotoxin challenge. These results indicate
that monocyte surface TNFR levels rapidly decrease in
response to an inflammatory stimulus in vivo and also rapidly
normalize when the stimulus is no longer present. Thus, the
significant and sustained decrease in TNFR mRNA levels
observed in present study may represent an ongoing condition
of systemic inflammation. Our findings are consistent with the
recent observations of Calvano et al., who reported a significant
and sustained (up to 4 days) decrease in monocyte surface TNFR
levels in non-surviving patients with sepsis[44]. On the other hand,
the extracellular domains of the TNFR apparently are shed from
the cell surface in response to many of the same inflammatory
stimuli that are known to induce TNF-α production[25]. Our data
may thus imply that a dual deregulation in TNFR reflects
decreased expression of TNFR on the cell surface concomitant
to decreased cell shedding of TNFR.
The shedding of TNFR and resultant acute decrease in the
number of TNFR on the cell surface may serve to transiently
desensitize cells, thereby providing a mechanism for inhibition
of TNF-α activity. This process may have additional
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significance, as released soluble receptors (sTNFR) may inhibit
TNF-α bioactivity by binding to the molecule and preventing
ligand binding to the cellular TNFR. In vitro studies
demonstrated that sTNFR in critical ill patients and in
experimental endotoxemia are sufficient to neutralize the
bioactivity associated with TNF-α concentrations observed in
mild inflammation, whereas such levels are inadequate to
neutralize the cytotoxicity associated with TNF-α levels seen
in overwhelming or lethal sepsis[45]. Thus, imbalance of TNFα to TNFR may reflect more than one dysfunction in monocyte
TNF-α production and regulation, which may contribute to
overwhelming activation of the inflammation cascade.
Pellegrini et al. reported that monocyte membrane associated
TNF-α (mTNF-α) elevated and TNFR shedding decreased in
trauma patients[46]. There was a correlation between increased
mTNF-α and decreased TNFR shedding to increased MODS
score, but this lacked specificity. However, when mTNF-α
and TNFR are assessed as the mTNF-α/TNFR ratio, an
increased ratio correlated with higher specificity to
development of organ failure. In this paper, we investigated
for the first time the ratio of TNF-α to TNFR mRNA (T/R
ratio) in various tissues. Our results revealed that tissue T/R
ratio was significantly increased postburn. It is impressive that
the magnitude of T/R ratio elevation was much higher than
TNF-α (10-60 folds in T/R ratios vs. 8-10 folds in TNF-α).
Combined with the persistently elevated levels found in tissues,
this suggests that T/R ratio would better reflect the
inflammatory status than TNF-α or TNFR alone. Moreover, it
was noted that T/R ratio in liver tissue and serum AST level
were significantly correlated, suggesting that this kind of
cytokine regulation appears to be in sufficient in counteracting
overwhelming sepsis, and the imbalance of TNF-α to TNFR
might be involved in liver dysfunction. Hence, assessment of
T/R ratio might provide a more sensitive indicator of organ
damage or even outcome.
In this study, it was found that significant correlation
between T/R ratio in liver tissues and serum AST levels. Similar
results were also obtained between pulmonary TNF-α mRNA
and MPO activities, whereas there were highly negative
correlations between hepatic TNFR mRNA and serum AST
levels, and between renal TNFR mRNA and serum Cr levels,
suggesting imbalance of TNF-α to TNFR might be involved
in the development of multiple organ damage following burns.
Since TNF-α has been shown to be a pivotal cytokine of sepsis
and MODS induced by endotoxin translocation post-trauma,
we have evaluated the protective effect of anti- TNF-α
monoclonal antibody (MoAb) for vital organs following
intestinal ischemia-reperfusion or thermal injury. In rat
intestinal ischemia-reperfusion model, prophylactic treatment
with anti-TNF-α MoAb resulted in striking decreases in
systemic TNF-α levels, and associated with such a
neutralization effect were amelioration of hypotension and
distant organ injury, including liver, kidneys, and lungs, as
well as significant improvement in survival[47-49]. Similarly,
early treatment with anti- TNF-α MoAb could attenuate
endotoxemia-mediated multiple organ damage resulting from
severe burns, which might be associated with the downregulation effects of tissue lipopolysaccharide binding protein
(LBP) gene expression by use of MoAb[50]. Moreover, a recent
series of investigations have shown that recombinant sTNFR
protected animals from death caused by endotoxin and gramnegative bacteria, and these promising experimental results
prompted large scale randomized clinical trials[51]. Additionally,
TNFR-deficient mice were resistant to endotoxin shock and
sepsis induced by cecal ligation and puncture[42, 52]. Thus,
appropriate use of agents to interrupt the chains of cytokine
cascade might provide more balanced cytokine response, which
may be beneficial to the host.
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In summary, the present study demonstrated that burn injury
per se could result in gut-derived endotoxin translocation that
was mainly to the liver, spleen and lungs. The translocated
endotoxin might be responsible at least in part, for the upregulating of TNF-α and down-regulating of TNFR-I mRNA
expression in these organs. The expression imbalance between
TNF-α and TNFR might play a part in the development of
multiple organ damage following burns.
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Abstract
AIM: To prove that neurons in the different structures of
the brainstem that express tyrosine hydroxylase (TH) are
involved in the transmission and modulation of visceral or
somatic nociceptive information in rat.
METHODS: Immunohistochemical double-staining method
was used to co-localize TH and Fos expression in neurons
of the rat brainstem in visceral or subcutaneous noxious
stimulation models.
RESULTS: Neurons co-expressing TH/Fos were observed
in lateral reticular nucleus (LRT), rostroventrolateral reticular
nucleus (RVL), solitary tract nucleus (SOL), locus coeruleus
(LC), A5, A7 neuronal groups and ventrolateral subdivision
of the periaqueductal gray (vlPAG) in both models. But the
proportion and number of the double-labeled neurons
responding to the two noxious stimuli were significantly
different in the LRT, RVL and LC nuclei. The proportion and
number of the TH/Fos double-labeled neurons in the visceral
pain model were smaller than that in the subcutaneous pain
model. However, in the case of SOL, they were similar in
the two models.
CONCLUSION: Differences of Fos expression in TH
immunoreactive neurons in animals after visceral and somatic
noxious stimulation indicate that the mechanisms of the
transmission and modulation of visceral nociceptive
information in the brainstem may be different from that of
somatic nociceptive information.
Han F, Zhang YF, Li YQ. Fos expression in tyrosine hydroxylasecontaining neurons in rat brainstem after visceral noxious
stimulation: an immunohistochemical study. World J
Gastroenterol 2003; 9(5): 1045-1050
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INTRODUCTION
Tyrosine hydroxylase (TH) is a catecholamine (including

noradrenaline, adrenaline and dopamine) synthesis enzyme.
In the brainstem, except that substantia nigra (SN) TH is mainly
involved in the locomotive modulation, TH immunoreactive
(TH-ir) neurons are mainly located in the lateral reticular
nucleus (LRT), rostroventrolateral reticular nucleus (RVL),
solitary tract nucleus (SOL), locus coeruleus (LC), A5, A7
neuronal groups and ventrolateral subdivision of the midbrain
periaqueductal gray (vlPAG). All these regions, except for RVL
and SOL, are regarded as the origins of the descending
inhibitory system, which uses predominantly noradrenaline
(NA) and 5-hydroxytryptamine (5-HT) as neurotransmitters[1, 2].
Morphological evidence has shown that these nuclei directly
or indirectly project to the superficial laminea of the spinal
and medullary dorsal horns and SOL, forming intrinsic circuits
that modulate the visceral and peripheral nociceptive message
transmission[1]. Electrophysiolgical results proved that NTS,
VLM, PBL, and vlPAG were involved in visceral message
transmission and modulation and electrical stimulation of
vlPAG depressed visceral message transmission[3-6]. RVL is
mainly associated with cardiovascular regulation[7] and projects
to spinal autonomic nuclei[8], while SOL is mainly involved in
the visceral nociceptive message transmission, convergence
and cardiovascular reflection[9, 10].
c-fos proto-oncogene is expressed within the neurons
following voltage-gated calcium entry into the cell[11, 12]. Fos
protein, which is encoded by c-fos, has been regarded as a
third messenger molecule which coupled the short term
extracellular signals with the long term alteration in cell
function after neurons were excited[13, 14]. Mapping studies have
shown that noxious stimulation could induce Fos expression
in the central neuronal system and visceral organs[15-21]. Thus,
Fos is usually used as a marker to indicate the activation of
neurons[22].
It is well known that the brainstem noradrenergic (NAergic)
system plays an important role in the process of antinociception
and that the mechanism of visceral noxious message
modulation is different from those of somatic noxious message
modulation[23]. It is reasonable for us to propose that the location
of Fos expression, under the effects of different noxious stimuli
in the structures of brainstem, which express TH, could be
diverse. In order to prove this hypothesis, we studied the
expression pattern of Fos induced by visceral or subcutaneous
noxious stimuli as well as the co-localization of Fos and TH
protein expression using an immunohistochemical doublestaining method.

MATERIALS AND METHODS
Materials
Experiments were carried out using 40 Sprague-Dawley male
rats (weighing 200-250 g). The rats were kept in a dark facility
for 24 hours before the experiment, and then randomly divided
into two experimental groups and two contro1 groups (for each
groups, n=10). All procedures described below were approved
by the Committee for Animal Care and Usage for Research
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and Education from the Fourth Military Medical University
(Xi’an, P. R. China).

The fifth section was mounted onto gelatin-coated slides
and processed for Nissl staining.

Methods
All rats were anesthetized by being placed into a transparent
glass container with methoxyflurane gas. After anesthesia, 2
mL of 100 mL/L formalin or 2 mL distilled water was perfused
into the oesophagus and stomach through a fine plastic tube,
or 0.1 mL of 100 mL/L formalin or 0.1 mL distilled water was
injected subcutaneously into the left forepaw in the rats of
experimental or control groups respectively. Then the animals
were put back into the cages and 2 hours later, all rats were
anesthetized with sodium pentobarbital intraperitoneally (60
mg/kg) were intracardially perfused with l00 mL of saline
followed by 500 mL of 4 % paraformaldehyde in 0.1 mol/L
phosphate buffer (PB, pH 7.4). The brainstems were
immediately removed, placed into the same fresh fixative for
4 hours (4 ), and saturated with a solution of 300 g/L sucrose
in 0.1 mol/L PB (pH 7.4) overnight at 4 . Thirty-µm thick
serial frontal sections were cut on a cryostat and serially collected
into 5 dishes separately. Then all sections were washed with
0.01 mol/L phosphate-buffered saline (PBS, pH 7.4).
The first section was initially incubated overnight at room
temperature with rabbit antisera against Fos (1:1 000 dilution;
Santa Cruz, USA) in 0.0l mol/L PBS containing 50 mL/L normal
horse serum, 3 g/L Triton X-100, 0.05 g/L NaN3 and 5 g/L
carrageenan (PBS-NHS). Secondly, the sections were incubated
with goat anti-rabbit IgG (1:100 dilution; Capple, USA) in PBSNHS for 3 hours, and followed by rabbit peroxidase antiperoxidase (PAP) complex (1:200 dilution; Polysciences, USA)
in PBS for l hour. Finally, Fos-immunoreactive (Fos-ir) neurons
were visualized by incubated the sections with 0.05 mol/L TrisHCl buffer (pH 7.6) containing 0.4 g/L diaminobenzidine
tetrahydrochloride (DAB) (Dojin, Japan), 0.03 mL/L H2O2 and
0.4 g/L Ni(NH4)2SO4 for 30-40 minutes.
The second section was incubated at room temperature with
mouse antisera against TH (1:3 000 dilution; Chemicon, USA)
overnight, followed by biotinylated horse anti-mouse IgG (1:
100 dilution; Vector, USA) for 3 hours, and then with ABC
(avidin-biotin peroxidase comp1ex) Elite kit (1:50 dilution;
Vector) for 1 hour. Finally, TH-immunoreactive (TH-ir)
neurons were visualized by incubated the sections with 0.05
mol/L Tris-HCl buffer (pH 7.6) containing 0.4 g/L DAB, 0.03
mL/L H2O2 and 0.4 g/L Ni(NH4)2SO4 for 30-40 minutes.
The third section was incubated overnight at room
temperature with a mixture of rabbit anti-Fos and mouse antiTH, followed by goat anti-rabbit IgG or biotinylated horse antimouse IgG for 3 hours, and then with rabbit PAP for 1 hour.
The sections were firstly reacted with 0.05 mol/L Tris-HCl buffer
(pH 7.6) containing 0.4 g/L DAB, 0.03 mL/L H2O2 and 0.4 g/L
Ni(NH4)2SO4 for 30-40 minutes to intensify DAB-based reaction
to Fos-ir neurons. Then the reacted sections were washed three
times in PBS for 30 minutes and incubated with ABC Elite kit
for l hour, and finally reacted in the same reaction solution
without Ni(NH4)2SO4 for 30-40 minutes to detect TH-ir neurons
and TH/Fos double-labeled neurons. The number of TH-ir
neurons, Fos-ir neurons, and TH/Fos double-1abeled neurons
was counted from the sections from the third section of each rat.
The distribution of the immunohistochemically stained neurons
in two animals in each model was charted with the aid of a camera
and one rat was used to represent each experimental group.
A mixture of normal rabbit serum and normal mouse serum
was used to replace rabbit anti-Fos and mouse anti-TH antisera
to incubate the fourth section. The subsequent staining
procedures were the same as those used for the third section.
All the sections were washed and mounted onto gelatincoated glass slides and examined with light microscope (BH2; Olympus, Japan).

Statistical analysis
Values were expressed as x±s. Statistical differences between
means of TH/Fos double-labeled neurons were determined by
Student’s t test. The difference in proportion of TH/Fos doublelabeled neurons to Fos-ir neurons was analyzed by Crosstab’s
test. A P<0.05 is considered to be significant.
RESULTS
On the first, second, and third sections from the experimental
groups, three kinds of immunocytochemically positive neurons
were identified in the nuclei of the brainstem: Fos-ir neurons,
TH-ir neurons and TH/Fos double-labeled neurons. The cellular
nuclei of the Fos-ir neurons were dark with oval or round shape,
leaving their cytoplasm unstained. In contrast to Fos-ir neurons,
TH-ir neurons showed brownish cytoplasm and dendrites with
unstained nuclei. Scattered among those Fos- and TH-ir
neurons, some neurons with dark nuclei and brownish
cytoplasm exhibiting the co-localization of Fos and TH in the
neurons were also observed.
On the first sections of experimental groups, Fos-ir neurons
were mainly located in the caudal subnucleus of the spinal
trigeminal nucleus (Sp5C), lateral reticular nucleus (LRT),
rostroventrolateral reticular nucleus (RVL), nucleus solitary
tract (SOL), nucleus raphe obscurus (ROb), nucleus raphe
pallidus (RPa), paramedian raphe nucleus (PMN), lateral
paragigantocellular nucleus (LPGi), alpha part of gigantocellular
reticular nucleus (Gia), nucleus raphe magnus (NRM), locus
coeruleus (LC), parabrachial nuclear complex (PBNC), nucleus
raphe pontis (RPn), dorsal raphe nucleus (DR), ventrolateral
subregion of the midbrain periaqueductal gray (vlPAG), and
median raphe nucleus (MnR) (Figure 1, 2). Fos-ir neurons in
these nuclei of the subcutaneous noxious stimulation group was
somewhat more than that in the visceral noxious stimulation
group, but in the SOL, the number of the Fos-ir neurons in both
visceral and subcutaneous noxious stimulations was similar
between the experiment groups (Table 1). On the sections of
the control groups, only a few Fos-ir neuronal cell bodies were
observed in the superficial part of the Sp5C or SOL.
Table 1 The number and distribution of the immunopositive
neurons in the brainstem
Nuclei
SOL
LRT and RVL
LC

TH

Fos

Visc

Sub

Visc

203±13

214±17

42±15

252±24

328±26

330±25

TH/Fos
Sub

Visc

Sub

254±31

99±7

60±5

54±5

57±7

151±13a

31±4

90±10a

42±6

103±12

26±3

72±9a

a

Data are shown as (x±s) aP<0.05 Sub vs Visc. Visc: visceral noxious stimulation; Sub: subcutaneous noxious stimulation; TH:
TH-ir neurons; Fos: Fos-ir neurons; TH/Fos: TH/Fos doublelabeled neurons.

On the second sections of both experimental and control
groups, the distribution of TH-ir neuronal cell bodies were
mainly in LRT, RVL, SOL, A4, A5, LC, A7, vlPAG and
substantia nigra (SN) (Figures 1 and 2). There was no
remarkable difference in the number and distribution of TH-ir
neurons between the experimental and control groups.
Immunohistochemical staining of the third sections from
experimental groups showed, except that TH-ir and Fos-ir
neurons were the same as that seen on the first and second
sections of the experimental groups, TH/Fos double-labeled

Han F et al. NAergic neurons express Fos after visceral nociception
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TH/Fos double-labeled neurons in both visceral and
subcutaneous pain models were similar (Table 1). TH/Fos
double-labeled neurons, with medium to large (20-35 µm)
fusiform, oval, multipolar shaped neuronal cellular bodies,
were observed.
In the brainstem, there was no expression of Fos and/or
TH in the neurons from the fourth dish of both the groups.

neurons were mainly distributed in the LRT, RVL, SOL, A5,
LC, A7 and vlPAG in both visceral (Figures 1, 3a, 3a’, 3c, 3c’,
3e and 3e’) and subcutaneous (Figures 2, 3b, 3b’, 3d, 3d’, 3f
and 3f’) pain models. In LRT, RVL, A5, A7, LC, and vlPAG,
the proportion and number of TH/Fos double-labeled neurons
in visceral pain model were less than those in subcutaneous
pain model (Table 1). It is interesting to note that in the SOL,

scp

sp5

12 Sp5
pyx
12

sp5

Sp5

sol
Sp5

SOL

scp

icp
PAG

sp5

py
scp
Sp5
sp5

py

7n
scp

Sp5 sp5
Pn

py

Figure 1 Drawing of the brainstem areas showing the distribution of TH, Fos and TH/Fos immunoreactive neurons after visceral
noxious stimulation. Each represents three TH-ir neurons. Each represents five Fos-ir neurons. Each represents one TH/Fos
double-labeled neuron. Abbreviations: 12: hypoglossal nuclei; 7n: facial nerve or its root; icp: inferior cerebellar peduncle; PAG:
the midbrain periaqueductal gray; Pn: pontine nuclei; py: pyramidal tract; pyx: pyramidal decussation; scp: superior cerebellar
peduncle; sol: solitary trace; SOL: solitary trace nuclei; sp5: spinal trigeminal tract; Sp5: spinal trigeminal nuclei.

12
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sp5

Sp5

pyx
12

Sp5

sp5
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Sp5

sp5
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sp5

scp

Sp5
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scp

Sp5 Sp5
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Figure 2 Drawing of the brainstem areas showing the distribution of TH ( ), Fos ( ) and TH/Fos ( ) immunoreactive neurons
after subcutaneous noxious stimulation on the left forepaw. The ratios for each marker to present the number of TH, Fos and TH/
Fos immunoreactive neurons and the abbreviations are the same as Figure 1.
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a

a’

b

b’

c

c’

d

d’

e

e’

f

f’

Figure 3 Photomicrographs showing the distribution and morphological characteristics of TH-ir neurons (arrowheads), Fos-ir
neurons (arrows) and TH/Fos double-labeled neurons (double arrowheads) in SOL (a, a’ and b, b’), RVL (c, c’ and d, d’) and LC
(e, e’ and f, f’). a, a’, c, c’ and e, e’ were taken from visceral noxious stimulating rats, while b, b’, d, d’ and f, f’ were taken from
subcutaneous noxious stimulating rats, respectively. a, b, c, d, e and f are lower magnification photomicrograph (original magnification ×100). a’, b’, c’, d’, e’ and f’ are higher magnification photomicrograph (original magnification ×1 000) of the rectangle in a,
b, c, d, e and f, respectively. Abbreviations: 4V: the fourth ventricle. cc: central canal. LC: locus coeruleus. LRT: lateral reticular
nucleus. RVL: rostroventrolateral reticular nucleus. sol: solitary tract. SOL: solitary tract nucleus.
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DISCUSSION
TH is a critical enzyme for the synthesis of catecholamine.
NA is thought to be one of the two neurotransmitters in
descending inhibitory system, which can exert potent
superspinal control of nociceptive information via various
pathways[24, 25]. In the brainstem, the descending inhibitory
system is mainly composed of LRT, LC, vlPAG, rostral ventral
ventromedial medulla and its surrounding reticular nuclei and
other brainstem raphe nuclei[1]. NA can inhibit either excitatory
transmitters (glutamate, substance P, etc.) released from
primary afferent terminals or the EPSCs produced by primary
afferent fibers via postsynaptic G-protein [23, 26]. Intrathecal
injection of naloxone could reverse the NA-produced
antinociception at the spinal level[27], indicating the involvement
of endogenous opiate peptides in the antinociceptive effects
of the NA. LRT and LC including NAergic neurons project to
SOL and are thought to be involved in visceral nociceptive
message modulation and antinociception, which is proved by
the electrophysiolgical experiments[28, 29]. These results suggest
that NA is an important neurotransmitter for the control of the
nociceptive transmission in the central nervous system. In RVL
and SOL, the neurons containing TH receive nociceptive
message and produce somatic-visceral or viscera-somatic
reflection[7, 10], which do not belong to the descending inhibitory
system. There exist many diseases with pain in visceral organs,
and therapeutic methods for visceral pain are similar to those
for somatic pain[30-34]. But it is not clear whether the neurons
containing NA play different roles in different pain models. In
order to clarify the functional roles of the NAergic neurons in
the visceral and somatic pain models, we observed the
expression pattern of both Fos and TH in which Fos protein
was used as a marker to indicate TH-ir neurons activation using
a immunohistochemical double- staining method.
In the present study, we observed TH/Fos double-labeled
neurons in the LRT, RVL, SOL, A5, LC, A7 and vlPAG and
then compared the distribution, number and proportion of THir neurons related to visceral and somatic noxious stimuli. Our
results suggested that visceral and subcutaneous nociceptive
inputs triggered similar TH immunoreactive in neurons in the
brainstem, and indicated that these nuclei in the brainstem were
involved in both visceral and subcutaneous nociceptive
message convergence and modulation. Our results also
indicated that the mechanisms involved could be different. As
we know neither the factors resulting in c-fos expression nor
the consequences of Fos protein expression, caution must be
taken in interpreting these data. It might not be the case that
all labeled neurons are nociceptive; on the other hand, the
absence of Fos in these neurons does not exclude that these
neurons are nociceptive since some nociceptive neurons might
not be activated by the experimental conditions used.
Nevertheless, this method allows us to monitor the response
of a large number of neurons to noxious stimulation in awaken
animals, which complements to the electrophysiolgical tests
on anaesthetized animals.
It is accepted that anesthesia is effective in triggering Fos
expression in many brain regions, such as descending inhibitory
system, RVL and SOL. More Fos-ir neurons were found in
the experiment groups than those in the control groups. Based
on these phenomena, we suggest that in addition to anesthetic
effect, the noxious stimuli might be one of the inducing factors
of Fos expression.
In LRT and RVL, there were fewer TH/Fos double-labeled
neurons in visceral pain model than those in subcutaneous pain
model. Both visceral and subcutaneous noxious stimuli can
induce Fos expression in TH-ir neurons of LRT and RVL,
indicating the occurrence of nociceptive neurons in this area.
As this area is known to be crucial for vasomotor functions[28, 35],
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and connected with SOL[36], NAergic neurons in this region
are probably involved in eliciting the neurovegetative reaction
induced by pain and producing somatic-visceral reflection.
Several evidences have suggested that the LC played a
significant role in the descending inhibitory system[1, 4]. TH/
Fos double-labeled neurons were observed in the LC in both
visceral and subcutaneous noxious stimuli models. This
indicates the induction of NAergic neuronal activation in the
LC in both models. The localization of these neurons is
correspondent with the functional data implicating a role of
LC in antinociception[29]. Therefore, we suggest that NAergic
neurons in the LC probably receive the visceral nociceptive
convergence and probably mediate the behavioral and
physiological characteristics of visceral pain as well. The
difference in the proportion and number of TH/Fos doublelabeled neurons in visceral and subcutaneous pain models
shows that NAergic neurons in LRT, RVL and LC may be
mainly involved in somatic nociceptive message transmission
and modulation.
SOL, which receives most of the visceral primary
terminations from the majority of organs in the neck, chest
and abdomen, is closely related to visceral nociceptive message
transmission and convergence and pain-induced sensorycardiovascular reflection [2, 4, 37]. Neurons in the SOL also
projected to lateral parabrachial nucleus (LPB)[36]. These results
provide anatomical evidence for physiological data, confirms
the involvement of this nucleus in nociceptive transmission.
In addition, our data proved that TH/Fos double-labeled
neurons were mainly located in the middle portion of SOL in
both models, but TH/Fos double-labeled neurons in the
subcutaneous nociceptive model were more rostral than those
in the visceral nociceptive model. These results indicate that
TH/Fos double-labeled neurons are distributed topographically
in two pain models and the mechanism that the NAergic
neurons in SOL are involved in transmission and modulation
of nociceptive information in visceral pain models is different
from that in subcutaneous pain models.
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Abstract
AIM: To compare the effects of Roux-en-Y and jejunum
interposition reconstruction procedures after total
gastrectomy on intestinal motility.
METHODS: Fifty male Sprague-Dawley rats were randomly
divided into 5 groups: the control group (C), the laparotomy
group (L), the jejunal transection group (JT) where the
jejunum was transected 10 cm distal from the Treitz ligament
and anastomosed, the Roux-en-Y group (RY) and the jejunal
interposition group (JI) after total gastrectomy. To evaluate
intestinal transit, the animals were given 0.1 ml Evans Blue
solution through an orogastric tube. The rats were executed
by CO2 inhalation 30 minutes later and the intestinal transmit
was determined as the distance between the site of
esophageojejunal anastomosis and the most distal site of
small intestine colored with blue.
RESULTS: One month after operation, the body weight of
rats among JI and RY were almost identical (274.6±9.5 vs
270.4±10.6, P>0.05), but were significantly lighter than those
of JT and L group. Four months after the operation, the
body weight in the JI group increased compared to the
preoperative level (345.2±15.7 g vs 299.5±8.3 g, P<0.01).
However, the body weight of RY group decreased compared
to preoperative (255.1±11.3 g vs 295.0±12.0 g, P<0.01).
The difference was more significant at six months
postoperative. Small bowel transmit time in RY was slower
than that in JI group and C group (P<0.01).
CONCLUSION: Changes of body weight and intestinal
motility in JI group are less influenced than in RY group.
Qin XY, Lei Y, Liu FL. Effects of two methods of reconstruction
of digestive tract after total gastrectomy on gastrointestinal
motility in rats. World J Gastroenterol 2003; 9(5): 1051-1053
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INTRODUCTION
Total gastrectomy is one of the popular operative procedures
for gastric malignancy, but there still are debates on the
recommended method of gastrointestinal reconstruction after
total gastrectomy. The choice of suitable method is crucial to

the patients’ quality of life. To a great extent, surgeons choose
the reconstruction methods according to personal experiences.
We compared the prognosis of the different reconstruction
methods and explored their effects on gastrointestinal motility
in rats.

MATERIALS AND METHODS
Animal and grouping
Fifty male Sprague-Dawley rats (weight 280-310 g) were
randomly divided into 5 groups, each of which contained 10
subjects. Five groups included controlled group (C),
laparotomy group (L), jejunal transection group (JT) receiving
transection of jejunum at 10 cm distal to the Treitz ligament
and anastomosis in situ in each rat, jejunal interposition group
(JI) receiving jejunal interposition with the segment of 5 cm
length after total gastrectomy, and esophageojejunal Rouxen-Y anastomosis group (RY). All rats in RY underwent
anastomosis of esophagus and jejunum after total gastrectomy
with the R-Y loop of 10 cm. Rats resumed to normal diet on
day 3 post-surgery.
Methods
Body weight of each rat was measured before operation and
1,4, 6 months after operation, respectively. After fasting for
12 hours (free access to water), rat underwent corresponding
operation. After six months, weight and the time of intestinal
transition were recorded. Each rat was given 0.1 ml Evans
Blue solution (50 mg/ml, Sigma, St Louis, USA) through
orogastric tube to stomach directly or esophageojejunal
junction in the JI and RY groups.
Statistic analysis
Statistical analysis was performed with statistical software
SPSS 10.0. The results were expressed as mean ±SD and
comparisons among groups were performed by Student’s t
Test, ANOVA test and q test. All tests were two sided. P
values <0.01 were considered significant.
RESULTS
Body weight
No significant difference in body weight of rats before
operation was detected among L, JT, JI and RY group, though
the weight of C group was significantly lower than other groups
(P<0.01) (Table 1); One month after operation (F>F(0.01,49),
P<0.01), body weight in L and JT was significantly higher
than that in JI and RY, while no significant differences between
L and JT group, as well as between RY and JI (P>0.01) were
not observed; At fourth month postoperatively, weight in C, L
and JT group were similar, while these of JI and RY were
significantly lower than those in other groups. Furthermore,
the weight of RY was much lower than that of JI (P<0.01); At
6 months after operation, rats in group C, L and JT gained
weight significantly (P<0.01). Although the weight of rats in
group JI was not as much as that of group C, L and JT (P<0.01),
it still increased significantly compared to preoperative weight
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(385.0±21.2 g vs 299.5±8.3, P<0.01). Nevertheless, the rats
in group RY lost weight compared to preoperative weight
(247.7±13.4 g vs 295.0±12.0 g, P<0.01), and they were
significantly lighter than those of other groups at 6 months
after operation, including JI group (P<0.01).

Transit time of intestine
Transit time of intestine (TTI) was 24.8±10.3 cm/30 min in
group RY, which was significantly longer than that of group
C (54.7±6.7 cm/30 min) (P<0.01). No significant differences
in TTI were found among group JI, JT, L and C (Table 2).
Table 1 Weight of rats pre-and postoperative (g)
C
Preoperative
Postoperative
1 month
Postoperative
4 month
Postoperative
6 month

L

JT

JI

RY

249.5±10.4
287.4±12.3

297.5±11.1
320.4±9.3

294.7±11.9
322.3±10.6

299.5±8.3
274.6±9.5

295.0±12.0
270.4±10.6

368.3±13.5

381.7±15.5

384.0±19.3

345.2±15.7

255.1±11.3

430.0±30.9

453.0±32.2

457.0±29.8

385.0±21.3

247.7±13.4

Table 2 Postoperative TTI of rats
Group

Postoperative TTI

C

54.6±6.7

L

55.8±6.4

JT

58.2±7.1

JI

48.6±7.8

RY

24.8±10.3a

a

: P<0.01, RY vs TTI of other groups.
500

Body weight (g)
C
L
JT
JI
RY

400
300
200
100

month
0

1

4

6

Figure 1 Body weight of rats before and after operation.

DISCUSSION
Since Karl Schlatter first successful performed total gastrectomy
in 1897, it has been mainly indicated for Zollinger-Ellison
syndrome and for potentially curable gastric carcinoma[1].
Formerly, it was quite common to apply esophagus-jejunum
anastomosis after total gastrectomy. Although this procedure
has merit of simple, the operative complication of reflux
esophagitis restricts its application [2] . To avoid the
complication, many surgeons adopt Roux-en-Y anastomosis
of esophagus and jejunum to reconstruct digestive tract. At
first, the results were quite promising; later, many patients
complained about fullness, abdominal pain, nausea, even food
vomiting. Many studies indicated that the gastrointestinal
motility of patients underwent Roux-en-Y anastomosis of
esophagus and jejunum was obviously weakened. Such
symptoms were nominated as “Roux stasis syndrome”[3-5].
Nowadays, many researches advocate jejunal pouch with
Roux-en-Y reconstruction as a modified method[6].
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Recently, some researchers advocate gastric substitution
by interposition of jejunum. As the procedure is more accordant
with physiology, it can eliminate the shortcomings of Rouxen-Y esophagojejunostomy induced by chyme bypass of
duodenum[7, 8]. Moreover, interposition of jejunum makes
preparatory assimilation possible by mixing of chyme with
bile and pancreatic fluid in duodenum. Also, such procedure
has fewer disturbances on gastrointestinal motility. Our results
indicated that the rats in group JI gained weight six months
after operation and had similar gastrointestinal motility as
control group, which means the nutrition and growth of rats
were not impaired. But Miholic J measured the emptying of
gastric substitute after total gastrectomy and compared the
differences between jejunal interposition and Roux-y
esophagojejunostomy and contended that the concept of a
gastric substitute pouch was not supported[9].
Our study illuminated that the rats lost weight in group RY
and group JI at one month after total gastrectomy, but rats in
group C, L and JT steadily gained weight during the same
time. At four months after operation, the growth curves of
group RY and group JI were markedly different. After initial
fall in weight of 8 % in the gastrectomized rats (274.6±9.5 vs
299.5±8.3), a sizable rise was observed in the rats of group JI.
As for RY group, the rats constantly lost weight till 6 month
after gastrectomy. Our results revealed that procedure of jejunal
interposition may affect the nutrition status of rats and the effect
may last less than four month, which was consistent with results
of other researches[10, 11]. But rats among RY group still lost
weight at six month after operation, and it indicated the Rouxen-Y esophagojejunostomy might influence the nutrition status
of rats for at least 6 months, much longer than jejunal
interposition. So it seems that the jejunal interposition is superior
to Roux-en-Y esophagojejunostomy after total gastrectomy.
Rats in RY group revealed delayed transit time of intestine
at six months after the operation, just as Pellegrini reported[12],
which also supports that gastrointestinal motility was impaired
after Roux-en-Y esophagojejunostomy. Meanwhile, rats in
group C, L, JT and JI revealed similar intestinal transit time,
which was significantly different from that in group RY. The
result was consistent with the growth curve of body weight of
rats (Figure 1). Thus slowed intestinal transit may be one main
etiological factor in postgastrectomy malnutrition. But some
studies did not found abnormal intestinal transit after total
gastrectomy[13], more conclusive research is required.
Although no significant differences in TTI in other 4 groups
were observed at six months after operation, previous study
has revealed that different operative procedure and anesthesia
do affect the gastrointestinal motility[14]. Although we did not
measure the TTI soon after operation, our results showed that
TTI could resume to preoperative level after several months for
some surgical procedures. In addition to abdominal operation,
prior study indicated that gastric emptying was markedly delayed
after cardiac surgery[15]. Some researchers advocate that motilin
may be one of possible reason for such changes[16], which is a
widely distributed neuropeptide and has been located in digestive
tract and brain[17]. Specific receptor of motilin has been isolated
and located on chromosome[18], and is proved at mocosa[19]. And
new neoropepetide has been identified and proved to be related
with gastrointestinal activity[20].
In conclusion, the procedure of jejunal interposition has
fewer disturbances on intestinal transit than Roux-en-Y, and
the gastrointestinal motility and nutrition status of rats of group
JI are much better than those of rats of group RY.
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Abstract
AIM: To investigate the expression of immunoglobulin gene
SNC73 in malignant tumors and non-cancerous normal
tissues.
METHODS: Expression level of SNC73 in tumors and noncancerous tissues from the same patient was determined
by reverse transcription polymerase chain reaction and
enzyme-linked immunosorbent assay (RT-PCR-ELISA) in 90
cases of malignant tumors, including colorectal cancer, gastric
cancer, breast cancer, lung cancer and liver cancer. Analysis
on the correlation of SNC73 expression with sex, age, site,
grade of differentiation, depth of invasion, and metastases
in colorectal cancer patients was made.
RESULTS: Expression level of SNC73 in non-cancerous
colorectal mucosa and colorectal cancerous tissues was
1.234±0.842 and 0.737±0.731, respectively (P<0.01), with
the mean ratio of 7.134±14.092 (range, 0.36-59.54).
Expression of SNC73 showed no significant difference among
gastric cancer, breast cancer, lung cancer and liver cancer
when compared with non-cancerous tissues (P>0.05). No
correlation was found between SNC73 expression level and
various clinicopathological factors, including sex, age, site,
grade of differentiation, depth of invasion and metastases
of CRC patients.
CONCLUSION: Down-regulation of SNC73 expression may
be a relatively specific phenomenon in colorectal cancer.
SNC73 is a potential genetic marker for the carcinongenesis
of colorectal cancer. The relationship of SNC73 expression
and carcinogenesis of colorectal cancer merits further study.
Hu JB, Zheng S, Deng YC. Expression of a novel immunoglobulin
gene SNC73 in human cancer and non-cancerous tissues. World
J Gastroenterol 2003; 9(5): 1054-1057
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INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of cancerrelated deaths in developed western countries[1]. A series of

molecular changes are involved in colorectal carcinogenesis,
including activation of oncogenes, inactivation and/or
mutational changes of tumor suppressor genes, microsatellite
instability, and so on[2-10]. Fearon et al proposed a genetic model
of colorectal tumorigenesis [11] . However, despite the
tremendous efforts that have been made, there are still many
problems unsolved for the model of CRC due to the complexity
of carcinogenesis. The early detection and new therapeutic
target of CRC have yet to be found. Modern medicine proves
that almost all diseases arise from gene function change, which
is mainly reflected by the differential gene expression [12].
Hopefully the identification and characterization of genes
expressed differently in tumor tissues and normal mucosa will
shed light on the mechanisms of CRC and provide useful
molecular markers for screening, diagnosis, prognosis and
therapeutic monitoring.
To explore new molecular events that are related to
carcinogenesis of CRC, Cancer Institute of Zhejiang University
constructed CRC negative-associated cDNA libraries by
subtractive hybridization [13-17]. Subtractive hybridization
between cDNA of normal mucosal tissues and mRNA of CRC
tissues was performed and a total of 46 cDNA clones that were
expressed in normal mucosal tissues but were either expressed
at a significantly reduced level or not expressed at all in
cancerous tissues were isolated. SNC73 is one of the 46 CRC
negative-associated complement DNA (cDNA) clones.
Northern blot, reverse transcription-polymerase chain reaction
(RT-PCR), in situ hybridization, and in situ PCR confirmed
expression of SNC73 in normal epithelial cells and several
non-hematopoietic cancer cell strains[17]. The aim of this study
was to confirm the negative association between CRC and
SNC73 expression and to examine whether such association
also exists in other tumors. In the present study, expression
level of SNC73 in 90 cases of malignant tumors (31 cases
colorectal cancer, 24 cases gastric cancer, 15 cases breast
cancer, 11 cases lung cancer and 9 cases liver cancer) and
non-cancerous tissues from the same patient was determined
by RT-PCR-ELISA.

MATERIALS AND METHODS
Tissue sample preparation
Fresh samples of surgically resected cancer and its noncancerous tissues were obtained from the same patient at the
Second Affiliated Hospital of Zhejiang University Medical
College, and were immediately frozen in liquid nitrogen until
used. Several paired specimens were collected for replication.
The total RNA was extracted with Trizol reagent (Gibco BRL,
USA). RNA integrity was checked on 1 % formaldehyde
agarose gel. RNA samples were accepted only when the ratio
between absorbance optical density values at 260 nm and at
280 nm was higher than 1.65.
RT-PCR (DIG Labeling)
RNA samples were reverse transcribed with AMV reverse
transcriptase (Promega Co.). The primers were labeled with
biotin for following immobilization by streptavidin coated
microtiter plate modules. The primer for SNC73 was designed
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based on its cDNA sequence according to previous study. The
sequence is 5’ biotin-AAA CAC ATT CCG GCC CGA G 3’
and 5’ biotin-AGC GGT CGA TGG TCT TCT G 3’. The
sequence of primer for β-actin is 5’ biotin-TCG ACA ACG
GCT CCG GCA 3’ and 5’ biotin-CGT ACA TGG CTG GGG
TGT 3’. RT-PCR was carried out to amplify the mRNA of
SNC73 and β-actin. The PCR products were labeled with
digoxigenin (dig) by using mixture of dATP, dCTP, dGTP,
dTTP and DIG-dUTP in reaction mixture during the
amplification process. PCR reaction mixture contained 15.7
µl sterile water, 2.5 µl PCR buffer (10×conc., with MgCl2),
2.5 µl 2 mM PCR DIG labeling mix, 2 µl 10 mM primers
mixture, 0.3 µl Taq DNA polymerase and 2 µl template cDNA.
The cycling program was denaturation of the template 94
for 3 min, 22 cycles of amplification: 94
for 10 s
(denaturation), 58
for 20 s (hybridization), 72
for 30 s
(elongation) and elongation (72 ) for 5 min was added after
last cycle to ensure the completion of the reaction. PCR
products quality was confirmed by electrophoresis in 1 %
agarose gel stained with ethidium bromide.

incubated at 37 for 30 min. Absorbance was read in an ELISAreader at 405 nm. The absorbance optical density values at 405
nm (A405) represented the relative concentrations of PCR
products. The results were normalized by the absorbance optical
density values of β-actin, which was used as an endogenous
standard because of its equal expression in various tissues. This
would correct the variation in product abundance due to
differences in the efficiencies of individual RT-PCR reaction.

Statistical analysis
The expression level of SNC73 in both cancerous tissues and
non-cancerous tissues was interpreted as the ratio of its OD
value relative to that of β-actin. SNC73 expression level in
various cancerous tissues and non-cancerous tissues and the
ratio of non-cancerous tissues to cancerous tissues were
calculated. All results were expressed as means ± SD. Statistical
differences between means of various cancerous tissues and
non-cancerous tissues were determined by Wilcoxon
nonparametric test (2-related samples). The differences were
considered significant at P<0.05.
To get more information about the down-regulation of
SNC73, which may be helpful to determine its characteristics,
we investigated the relationship between SNC73 expression
level and various clinicopathological factors of CRC patients.
All CRC patients were grouped according to sex, age, site,
grade of differentiation, depth of invasion and metastases
(including lymph node metastases and distant metastases). The
same functions as those used between various cancerous tissues
and non-cancerous tissues were applied among different
groups. Statistical differences of means among different groups
were determined by analysis of variance. The differences were
considered significant at P<0.05.

PCR ELISA (DIG Detection)
DIG detection of PCR ELISA was carried out using a
modification of the assay protocol according to reagent kit
(Boehringer Mannheim Co., German). DIG labelled PCR
products were immobilized by incubating appropriate dilutions
of amplification reaction at 55
for 3 h. The solution was
discarded and each well was washed 5 times with washing
solution. The strips were incubated with anti-digoxigenin
for 30 min. The solution was
peroxidase conjugate at 37
discarded and each well was washed 5 times again with washing
solution. The colorimetric substrate ABTS was added and

Table 1 SNC73 expression level in human cancerous tissues and non-cancerous tissues (Mean ± SD). The expression level of SNC73
in both cancerous tissues and non-cancerous tissues was expressed as the ratio of its OD value relative to that of β-actin. (x±s)
Tumor

n

CRC
Gastric cancer
Breast cancer
Lung cancer
Liver cancer

31
24
15
11
9

a

SNC73 expression level
Non-cancerous tissues

Cancerous tissues

1.234 ± 0.842
1.098±0.413
1.279±1.705
0.834±0.533
0.793±0.285

Non-cancerous tissues /Cancerous tissues

0.737±0.731 a
1.069±0.606
0.900±0.690
1.428±1.904
0.799±0.322

7.134±14.092
1.438±1.392
1.836±2.541
0.877±0.469
1.140±0.467

P<0.01 vs non-cancerous tissues.

Table 2 The relationship between SNC73 expression level and various clinicopathological factors of CRC patients. The expression
level of SNC73 was interpreted as the ratio of its OD value relative to that of β-actin. (x±s)
Factor

Group

n

SNC73 expression level
Non-cancerous tissues

Sex

Male
Female
Age
<60
60
Site
Rectal
Colon
Grade of differentiation Well
Moderately
Poorly
Depth of invasion
Mucosa or muscle
Serosa or beyond
Metastases
Positive
Negative

15
16
14
17
17
14
14
12
5
8
23
22
9

1.360±1.011
1.116±0.657
1.524±0.979
0.995±0.644
1.209±0.715
1.264±1.002
1.284±1.034
1.188±0.746
1.203±0.536
1.258±0.847
1.226±0.859
1.225±0.914
1.257±0.682

Cancerous tissues
0.748±0.438
0.726±0.943
0.737±0.458
0.736±0.911
0.616±0.497
0.883±0.942
0.756±0.430
0.776±1.086
0.587±0.358
0.973±1.233
0.654±0.467
0.638±0.479
0.977±1.144

Non-cancerous tissues/
Cancerous tissues
8.822±18.358
5.551±8.782
9.444±18.843
5.231±8.681
10.890±18.260
2.572±2.652
2.378±2.488
14.030±21.033
3.898±4.226
9.066±20.511
6.462±11.624
6.672±11.854
8.263±19.334
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RESULTS
Expression of SNC73 was significantly down-regulated in CRC
compared with non-cancerous colorectal mucosa from the same
patient. Expression level of SNC73 in normal colorectal
mucosa and colorectal cancerous tissues was 1.234±0.842 and
0.737±0.731, respectively (P<0.01), with the mean ratio between
them of 7.134±14.092 (range, 0.36-59.54). Among 31cases of
CRC, cancerous tissues of 24 cases (77.4 %) expressed lower
level SNC73 as compared with non-cancerous colorectal
mucosa from the same patient. Study on the expression of
SNC73 in other kinds of carcinomas revealed that no
differential expression of SNC73 was found in gastric cancer,
breast cancer, lung cancer and liver cancer as compared with
non-cancerous tissues from the same patient (P>0.05, Table1).
Further analysis on the relationship between SNC73
expression level and various clinicopathological factors of CRC
patients revealed that no correlation was found between SNC73
expression level and various clinicopathological factors,
including sex, age, site, grade of differentiation, depth of
invasion and metastases of CRC patients (P>0.05, Table 2).
DISCUSSION
RT-PCR-ELISA allows convenient and sensitive detection of
PCR products. The sensitivity of the PCR ELISA is in general
about one hundredfold higher than conventional analysis of the
PCR products in ethidium bromide stained agarose gels[18-20].
The high sensitivity makes detection of low or unknown
expression level of genes closer to the real status. The whole
process of RT-PCR-ELISA takes no more than ten hours, and
a group of samples can be detected at the same time. These are
the reasons why this method was used to get a relative estimates
about expression levels of SNC73 in different human
carcinomas in this study.
SNC73 is one of the 46 cDNA clones of CRC negativeassociated cDNA libraries constructed by Cancer Institute of
Zhejiang University by subtractive hybridization technique.
Sequence analysis revealed that full-length cDNA of SNC73
is 1651bp. Open reading frame analysis showed SNC73
encodes one immunoglobulin (Ig) heavy chain molecule with
384 amino acids, with its constant region identical to that of
IgA1. The predicted structure of SNC73 had no apparent
difference from other matured IgA molecules that serve in the
immune system. Northern Blot, RT-PCR, in situ hybridization
and in situ PCR confirmed expression of SNC73 in normal
epithelial cells of colorectal mucosa and several nonhematopoietic cancer cell strains[17]. There are several reports
about Ig and Ig-like genes expressed in non-hematopoietic cell
lines[21-30], and Ig gene rearrangement was confirmed in the
epithelial malignant cells[24]. These findings raise the possibility
that immunoglobulin genes, whose expression is generally
considered to be restricted to lymphocytes-origin cells, can be
expressed by non-lymphoid cells. Maybe some factors during
de-differentiation of cells activated the rearrangement of Ig
genes in malignant cells, but it remains to be explored how Ig
genes undergo rearrangement in epithelial cells.
Expression level of SNC73 in CRC and non-cancerous
mucosa had been determined by the method of RT-PCRimaging, Northern-blot and in situ hybridization. The present
study confirmed the initial findings that CRC expresses lower
level SNC73 than non-cancerous mucosa[17,30]. Expression level
of SNC73 in other human cancerous tissuess and noncancerous tissues was also determined. No significantly
different expression was found in gastric cancer, lung cancer,
breast cancer and liver cancer compared with non-cancerous
tissues from the same patient. This is the first semi-quantitative
analysis about SNC73 expression in different human cancers.
In this study the number of cases of breast cancer, lung cancer
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and liver cancer was small, and more cases are needed to draw
a conclusion. Interestingly, beyond our expectation, gastric
cancer, which also originates from gastrointestinal tract,
expressed no significantly different level of SNC73 compared
with normal gastric mucosa. Conclusion drawn from the results
of this study suggests that down-regulation of SNC73
expression may be a relatively specific phenomenon in CRC,
and SNC73 may serve as a potential genetic marker for
carcinogenesis of CRC. Further study on expression of SNC73
in tissues of different pathological status, such as adenoma,
dysplastic mucosa and para-cancerous tissues, may provide
clearer conclusion[31].
The relation between SNC73 and carcinogenesis of CRC
remains to be explored. Carcinogenesis of tumor is closely
related to immunological surveillance of host. Previous study
proved the significance of immune responses to mucosal
carcinogens in carcinogenesis[32]. Recently, Ig molecules or
Ig-like proteins have been reported to influence the
development of tumor directly or through interaction with
oncogenes or tumor suppressor genes[24,33,34]. So the relationship
between Ig and carcinogenesis of tumor should be further
explored besides the conventional hormonal immunity. These
clues implicate some role of SNC73 in carcinogenesis of CRC.
SNC73 encoded protein can be assumed to be an immune
molecule secreted by normal epithelial cells, together with Ig
secreted by plasma cells, participating in local anti-tumor
activity. The protein affects carcinogenesis of CRC through
the similar influence on adhesion or signal transduction to other
Ig superfamily components or interaction with some oncogenes
or tumor suppressor genes is also possible. Further study on
the mechanisms of down-regulation of SNC73 in CRC and
the biological function of SNC73 will provide important clues
for determining its role in screening, diagnosis, prognosis and
therapy of CRC. The relationship of SNC73 expression and
carcinogenesis of colorectal cancer merits further study.
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Abstract
AIM: The present study was aimed to investigate the
developmental patterns of growth hormone receptor (GHr)
and somatostatin (SS) mRNA expression in porcine gastric
tissue and its relationship with gastric growth and gastric
functional development.
METHODS: Erhualian and Large White boars were selected
randomly and sampled at birth (D0), 3, 20, 30, 90, 120 and
180 days of age respectively, meanwhile the bodyweight and
gastric weight were recorded. The single tube semiquantitative RT-PCR was applied in this experiment to
investigate the developmental patterns of gastric GHr and SS
mRNA expression, the correlations between the patterns of
mRNA expression and the relative gastric weight (ratio of
gastric weight to bodyweight) and the pepsin contents in
gastric mucous membrane were analyzed. In order to further
elucidate the effect of GH on gastric function, the primary
cultures of gastric fundic mucosal cells were treated with 2
ng/ml, 20 ng/ml and 200 ng/ml of rpGH for 18 hrs respectively,
and the pepsin contents in culture medium were measured.
RESULTS: The expression of GHr mRNA was high at birth,
followed by a significant decrease at 3 days of age (D3) in
both breeds. In Large White boars, the expression of GHr
mRNA reached a peak at D90 and remained a plateau
afterward. In Erhualian pigs, however, a slight yet significant
increase occurred at D30 reaching a level that was kept
constant thereafter. From birth to D30, the expression of GHr
mRNA in gastric tissue was higher in Erhualian boars than
that in Large White boars, but from D90 to D180, the higher
expression of GHr mRNA was found in Large White boars.
The gastric GHr mRNA expression was significantly correlated
with the relative gastric weight (r=0.541, P<0.05) and pepsin
content in gastric mucosa (r=0.625, P<0.05) respectively.
The gastric SS mRNA expression was high at birth
(Erhualian 1.59, Large White 0.80), but dropped significantly
at D3 (Erhualian 0.95, Large White 0.19, P<0.05), a stepwise
increase was followed thereafter until a peak at D30
(Erhualian 1.71, Large White 0.95) In general, Erhualian
pigs expressed higher levels of SS mRNA in gastric tissue as
compared with Large White pigs at the same age (P<0.05).
No significant correlations between SS mRNA and relative
gastric weight or pepsin content were found.

In vitro, 2 ng/ml of rpGH elicited significant increase in
pepsin secretion from primary cultures of gastric mucosal
cells (P<0.05), and no responses were observed at 20 ng/
ml and 200 ng/ml.
CONCLUSION: The results suggested that: 1, GHr and SS
mRNA in porcine stomach are expressed according to strain
specific developmental patterns; 2, GH acts directly at the
gastric tissue and regulates the structural and functional
growth of stomach.
Xia D, Zhao RQ, Wei XH, Xu QF, Chen J. Developmental patterns
of GHr and SS mRNA expression in porcine gastric tissue. World
J Gastroenterol 2003; 9(5): 1058-1062
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INTRODUCTION
The growth hormone (GH) regulates numerous cellular
functions by direct binding to its receptors (growth hormone
receptor, GHr) in many different tissues, such as liver, muscle,
lymph and adipose tissue, etc. It has been reported that GHr
was expressed in the stomach of rat[1, 2], rabbit[3] and human[4],
respectively, suggesting that stomach is the target organ of GH.
Somatostatin (SS) is a typical brain-gut-peptide, and it is
expressed both in the brain and gastrointestinal system.
Hypothalamic SS serves as an inhibitory factor to regulate GH
secretion from anterior pituitary[5], while gastric SS works to inhibit
the secretion of pepsin, gastric acid, as well as gastrin, hence plays
an important role in the regulation of gastric function[6].
The retardation of gastric functional development, such as
insufficient gastric acid and pepsin secretion, results in
dyspepsia, diarrhea, poor growth and even death in newborn
piglets. It is postulated that GH and gastric SS might be involved
in the regulation of porcine stomach development, but no much
data available to date. Therefore, the present study employed two
breeds of pig with different genetic backgrounds, Large White
and Erhualian pigs, as animal model to investigate the
developmental patterns of growth hormone receptor (GHr) and
somatostatin (SS) mRNA expression in porcine gastric tissue. The
correlation between the patterns of GHr and SS mRNA expression
and the gastric growth as well as the gastric functional development
were analyzed. In addition, an in vitro cell culture trial was
conducted to study the effect of GH on gastric pepsin secretion.
MATERIALS AND METHODS
Animals and Sampling
Eight litters newborn purebred piglets respectively from 2nd
or 3rd farrowing Large White and Erhualian sows were kept
for experiment, and water and feed were available ad libitum.
The diet was formulated according to the requirement of each
breed. Large White piglets weaned at D30 of age, while
Erhualian piglets at D45. Erhualian boars (n=4) and Large
White boars (n=4) were selected randomly and sacrificed at
birth, 3, 20, 30, 90, 120 and 180 days of age respectively,
meanwhile the bodyweight and gastric weight were recorded.
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Gastric mucosa pepsin activity (U/g)=

Pepsin (U)/homogenate liquid (ml)
Protein (g)/homogenate liquid (ml)

Semi-quantitative RT-PCR
Total RNA was isolated from porcine gastric tissue using
guanidinium thiocyanate-phenol-chloroform one-step method.
RNA was reverse transcribed into cDNA with random hexamer
primers. An RT- control tube containing all RT reagents except
reverse transcriptase was included to monitor genomic DNA
contamination.
The primers for GHr were designed according to the cDNA
sequence published on Gene Bank (X54429): sense, 5’ctcgatattgatgaccctga-3’, and anti-sense, 5’gatgagttgagtcagttcca-3’, and the predicted PCR product was
341bp. SS primers were achieved according to the code region
of porcine genomic DNA (Gene Bank, U36385): sense, 5’AGCTGCTGTCTGAACCCAAC-3’, and anti-sense, 5’GAAATTCTTGCAGCCAGCTT-3’. Classic 18S rRNA
internal standards (Ambion Inc. USA) was used to adjust the
variation in pipetting and amplification.
PCR conditions were optimized for both GHr and SS. The
reaction volume for GHr was 50 µl, including 5 µl 10×PCR
buffer, 1.3 mmol/L MgCl2, 10 mmol/L dNTP, 0.66 mmol/L GHr
sense and anti-sense primer, 2 µl 18S primer pair, 2 µl 18S
competimer, 2 µl RT product, 1.0 U Tag DNA polymerase
(Promega, Shanghai). Amplification conditions included:
denaturation at 94
for 5 min, denaturation at 94
for 30
sec, annealing at 52 for 1 min, extension at 72 for 1 min,
total in 32 cycles, finally an additional extension step at 72
for 5 min was done. The SS PCR reaction mix contained 5 µl
10×PCR buffer, 1.5 mmol/L MgCl2, 10 mmol/L dNTP, 1 mmol/
L SS sense and anti-sense primer, 2 µl 18S primer pair, 2 µl 18S
competimer, 2 µl RT product, and 1.0 U Tag DNA polymerase
(Promega, Shanghai). Total volume was 50 µl. Amplification
conditions included: denaturation at 94 for 5 min; denaturation
at 94 for 30 sec, annealing at 55 for 30 sec, extension at
72 for 1 min, total in 32 cycles, finally it was finished by an
extension step at 72 for 5 min. All samples were amplified in
the same PCR run together with quality and contamination controls
on GeneAmp PCR system 9600 (Perkin Elmer, U.S.A.).
Twenty µl PCR products were separated through 2 %
agarose gel electrophoresis. The band intensities were analyzed
by Kodak ID Electrophoresis Documentation and Analysis
System 120 (Kodak Photo Film Co., Ltd., U.S.). The ratio of
target gene intensity to 18S intensity was used to represent the
abundance of GHr and SS mRNA expression.
Cell culture
Animal and reagent Four Landrace X Large White crossbred
gilts at the age of D35 were used in this trial. HEPES and
DMEM/F-12 were products of Hyclone, collagenase type I

Statistical analysis
All data were analyzed by SPSS10. Significant difference
analysis were conducted by t-test, one-way ANOVA and LSD.
The correlation between the GHr, SS mRNA expression and
the relative gastric weight, as well as the gastric mucosa pepsin
content were determined.
RESULTS
Gastric growth
As shown in Figure 2, the gastric growth rate is low before
weaning both in Large White and Erhualian pigs, especially
during the period from D3 to D20. Highest growth rate is seen
between D30 and D90. From D90 onwards, the gastric weight
of Large White Boars keeps increase while that of Erhualian
boars maintains a plateau, which results in a higher gastric growth
rate in Large White boars than that of Erhualian boars. Compared
to the body weight changes shown in Figure 1, the stomach
weight changes display different patterns, which is more obvious
in Erhualian pigs. Figure 3 shows the developmental pattern of
relative gastric weight, it seems that the gastric growth lags
behind the body growth during the period from D20 to D30.
120
Bodyweight (kg)

Pepsin detection
One gram fundic mucosa was homogenized with 3 ml 0.85 %
NaCl, then the homogenate was centrifuged at 4 for 30 min
at 5 000 rpm. The supernatant was collected for pepsin activity
analysis according to the procedure modified by Robinson
(1972), using hemoglobin as the substrate. Since hemoglobin
was diluted with hydrochloric acid (pH=1.6), at such acidic
condition, all pepsinogen were activated, so the gastric pepsin
activity measured accounted for the total pepsin content of
gastric mucosa. The protein content in the same supernatant
of the homogenate was measured for normalizing the pepsin
content as follows:

was bought from Sigma and the fetal bovine serum was
purchased from Hangzhou Sijiqing Company, China.
Sample and culture Piglets were sacrificed and the fundic
mucosa was isolated. The tissue was washed in Hank’s solution
thoroughly and dipped in Hank’s solution containing 500 U/ml
of antibiotics for 30 min. Then the fundic mucosa were dispersed
by 600 U/ml of collagenase I at 37
for 2 hrs, filtrated and
centrifuged (1 000 r/min, 5 min). Thereafter cells at the density
of 1×105 per cm2 were cultured (37 , 5 % CO2) in DEME/F12 supplemented with 10 % fetal bovine serum, 5 mM HEPES
buffer, and 100 U/ml antibiotics. After 24 hrs, the culture medium
was refreshed by new medium containing 2 ng/ml, 20 ng/ml
and 200 ng/ml GH respectively. The GH challenge lasted for 18
hrs before the medium were collected for pepsin analysis.
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Figure 1 The developmental patterns of body weight in
Erhualian and Large White boars.
Erhualian
Large white

600
Gastric weight (g)

The fundic tissue were sampled and frozen in liquid nitrogen
immediately, then stored at -70 . The fundic mucosa were
taken and stored at -20 .
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Figure 2 The developmental patterns of gastric weight in
Erhualian and Large White boars.
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RT-PCR product for gastric GHr mRNA in Erhualian and Large
White boars. (M is marker pUC19, E0-E180 represents
Erhualian boars at day 0-180 respectively, and L0-L180 represents Large White boars at day 0-180 respectively).
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Figure 3 The developmental patterns of the relative gastric
weight in Erhualian and Large White boars.

Pepsin U/g protein

Developmental changes of pepsin contents in gastric mucosa
From birth to D30, no notable variation was found in gastric
pepsin content in Large White boars, but after D30, the gastric
pepsin content increased significantly (P<0.05) and kept
constant thereafter (Figure 4). However in Erhualian pigs, the
gastric pepsin content was high at birth, but dropped
significantly at D3 and D20 (P<0.05). A significant upregulation occurred at D30 for gastric pepsin content until a
peak level was reached at D120.
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Developmental changes of gastric GHr mRNA expression
Figure 6 shows the the expression patterns of GHr mRNA in
gastric tissue. The GHr mRNA was high at birth, but dropped
dramatically at D3 in both breeds. In both breeds of pigs, the
expression of GHr mRNA increased from D30 but followed
different patterns thereafter. In Large White pigs, the GH
mRNA expression continue increased till D90 when a plateau
was reached. While in Erhualian pigs, the gastric GHr mRNA
expression went up in a much lesser extent and reached a much
lower plateau earlier at D30. As the result, the expression of
GHr mRNA in gastric tissue was higher in Erhualian boars
than that in Large White boars in earlier stages from birth to
D30, whereas the opposite was true in later stages from D90
to D180. The statistic analysis revealed that the gastric GHr
mRNA expression was positively correlated with the relative
gastric weight (r=0.541, P<0.05) and the pepsin content in
gastric mucosa (r=0.625, P<0.05), respectively.
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Figure 5 Representative agarose gel electrophoreses photo of
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Figure 6 The developmental pattern of GHr mRNA expression in stomach of Erhualian and Large Letters a and b for
Erhualian boars, letters c and d and g for Large White boars,
letter e and f for the different breeds at same ages, different
letters differ significantly P<0.05.

The developmental changes of porcine gastric SS mRNA
expression
The gastric SS mRNA expression followed a similar pattern in
two breeds of pigs (Figure 8). The SS mRNA expression was
high at birth, but significantly decreased at D3 (P<0.05), soon
after a stepwise increase was found reaching a peak at D30 in
both breeds of pigs. In general, Erhualian pigs expressed higher
levels of SS mRNA in gastric tissue as compared with Large
White pigs at the same age in early stages (P<0.05) but this
difference diminished in later stages at D120 and D180. No clear
correlation was found between gastric SS mRNA expression
and relative gastric weight or pepsin content in gastric mucosa.
M

Figure 4 The developmental patterns of the pepsin activity
(U/g protein) of fundic mucosa in Letters a and b for Erhualian
boars , letters c and d and g for Large White boars, letter e and
f for the different breeds at same ages, different letters differ
significantly P<0.05.
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Figure 7 Representative agarose gel electrophoreses photo of
RT-PCR product for gastric SS mRNA in Erhualian and Large
White boars. (M is marker pUC19, E0-E180 represents
Erhualian boars at day 0-180 respectively, and L0-L180 represents Large White boars at day 0-180 respectively).
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Figure 8 The developmental pattern of SS mRNA expression
in stomach of Erhualian and Large Letters a and b for Erhualian
boars, letters c and d for Large White boars, letter e and f for
the different breeds at same ages, different letters differ significantly P<0.05.

The effect of GH on pepsin secretion in vitro
As shown in Figure 9, 2 ng/ml of rpGH significantly stimulated
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pepsin secretion (P<0.05), but 20 and 200 ng/ml of GH failed
to show any influence in terms of pepsin secretion in vitro.

Pepsin activity (U/ml)

150
a
100

50

0

0

2

20

200

GH (ng/ml)

Figure 9 Effects of rpGH on the pepsin secretion from gastric
mucous cells in vitro (a indicating significant difference between
different treatment, P<0.05).

DISCUSSION
The effects of GH on growth can be mediated via: (1) binding
to the hepatic GHr to stimulate the IGF-1 secretion from liver
into circulation, in which IGF-1 then works in an endocrine
manner to promote the growth of target organs, (2) directly
binding to GHr in extra-hepatic tissues to induce IGF-1
expression, in which IGF-1 works in both endocrine and
paracrine manner to stimulate target tissue development, (3)
directly binding to the GHr of extra-hepatic tissues to regulate
the development of target organs[7]. It was reported by Lobie
et al. (1992) that bGH (bovine GH) administration significantly
increased rat gastric weight, relative gastric weight, as well as
the height of mucosa[2]. There are evidences for the localization
of GHr mRNA expression in the gastric mucous membrane of
rat, rabbit, human[1-4]. Using semi-quantitative RT-PCR, the
present experiment proved the expression of GHr mRNA in
stomach of both Large White and Erhualian pigs. Furthermore,
the gastric GHr mRNA expressed in an age-dependent manner
which is positively correlated to relative gastric weight. This
positive correlation implies that GH may directly act on
stomach to regulate its growth. However, from birth to D3,
the expression of gastric GHr significantly decreased, but the
stomach was in a rapid growth period, it may be contributed
by maternal influences through colostrum. Xu (1996) reviewed
that there are high concentrations of hormones and growthpromoting peptides, such as insulin, cortisol, epidermal growth
factor (EGF) and insulin-like growth factor I (IGF-I) in the
maternal colostrums and there are evidences that colostrumborne EGF and IGF-I play a role in postnatal stomach
development[8]. Many researches have proved that IGF-1 can
stimulate gastric mucosal cell proliferation[9-12]. Coerper et al.
(2001) reported that IGF-1 at low dose of 0.4 mg/kg BW and
4 mg/kg BW significantly stimulated gastric cell proliferation
and ulcer healing [13]. However, it is not clear whether the
maternal growth factors in colostrum contribute to the down
regulation of gastric GHr mRNA expression at 3 days of age.
The GH actions are tissue-specific, which depends on the
sensitivities of target tissues to GH stimulation. The tissue
sensitivity depends upon the abundance of GHr[14]. Studies of
Ilkbahar. (1995)[15], Klempt et al. (1993)[16], SchnoebelenCombes et al. (1996)[17] and Peng et al. (1998)[18] on mice,
sheep and pigs, proved that the developmental patterns of GHr
mRNA expression varied among different tissues, species and
breeds. Our results also showed that the developmental patterns
of GHr expression in stomach differ from that in liver, spleen
and muscle. This tissue-specific GHr expression may account
for the different functions and regulatory mechanisms of GH
in different tissues or organs.
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Our results also showed that the expression of GHr mRNA
in gastric tissues was higher in Erhualian boars in early stages
from birth to D30, but from D90 to D180, the higher expression
of GHr mRNA was found in Large White boars. This result
was in accordance with the differences in stomach growth
between the two breeds of pigs. The present results suggest
that GH play an important role in the regulation of gastric
growth through the GHr expressed in stomach.
The significant correlation between gastric GHr mRNA
expression and the pepsin content in mucous membrane
provided an important hint that GH may be involved in the
regulation of gastric function apart from its role in gastric
growth. To date, however, controversy results have been
published in this regard. Drago et al. (1997) proved that GH
stimulated the gastric acid secretion in rats but failed to restore
the decreased peptic activity in hypophysectomized rats[19]. On
the contrary, however, GH did restore peptic activity in
hypophysectomized dog[1,2]. In order to clarify the effect of
GH on pepsin secretion from gastric mucosa membrane, we
performed an in vitro trial in primary cell culture and found that
2 ng/ml of GH significant elevated pepsin secretion (P<0.05),
but 20 ng/ml and 200 ng/ml of GH did not show significant
effect on pepsin secretion compared with the control. The
results suggest that GH is indeed involved in the regulation of
pepsin secretion in a dose-related manner.
It is well known that gastric SS located in D-cell of autrum
and fundus is a key player in the gastric function regulation.
SS inhibits gastric acid, pepsin, and gastrin secretion via both
paracrine and endocrine pathways[21]. It was reported that SS
inhibits gastrin secretion by down-regulating the gastrin mRNA
expression. Sheep immunized against SS boosted gastric acid
and gastrin secretion[6]. In vitro studies proved that SS antisera
significantly increased gastric acid release from perfused
stomach of rat, mouse and pig[22].
There have been some publications on the ontogeny of
gastric SS. Yee et al. (1996) concluded that, in the fetal rabbit
stomach, the expression of gastrin and somatostatin may
regulate the onset of acid secretion from parietal cells[23]. Read
et al. (1992) found that in ovine, the developmental pattern of
gastric SS mRNA was on the contrary to that patterns of gastrin
mRNA and H+/K+-ATPase mRNA. It was proposed that the
gastrin, H+/K+-ATPase and SS work in synergy to initiate
gastric acid secretion [24] . In present experiment, the
developmental changes of gastric SS expression negatively
correlated with the changes in gastric acid secretion in general.
The gastric SS mRNA decreased significantly from birth to
D3, which coincided with the increase in gastric acid secretion
in the same period[20]. Before weaning, the inhibition of gastric
acid secretion agreed with the up-regulation of gastric SS
expression. Our results confirmed that SS is the inhibiting factor
for gastric acid secretion. Gastric SS inhibits both gastric acid
and gastrin secretion, and it has negative effect on pepsin
secretion as well[25]. We found in present experiment significant
differences in the expression of gastric SS mRNA between
two breeds of pigs, which was negatively correlated with the
pepsin content in fundic mucosa during the sucking period.
However, the correlation between gastric SS mRNA expression
and pepsin content was low, suggesting that the gastric SS is
not the major regulator of pepsin secretion.
In conclusion, GH and gastric SS play important roles in
the regulation of porcine stomach development and gastric
functions, but the interaction between GH and gastric SS is
still unclear. Drago et al. (1997) reported that the stimulation
of GH on gastric acid secretion may be related to GH downregulating gastric SS secretion [19]. Our unpublished data
indicated that GH mRNA expression in the pituitary of Large
White pigs was higher than that of Erhualian pigs. It might be
presumed that the lower expression of gastric SS mRNA in
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Large White pigs was resulted from, to some extent, the higher
expression of GH in pituitary. However, the positive correlation
between gastric SS and GHr mRNA expression over the period
of investigation did not support this presumption. The complex
interactions between GH and gastric SS are still to be illuminated.
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Abstract
AIM: To observe dynamic of different chemical elements in
stomach tissue during fetal development.
METHODS: To determine contents of the 21 chemical
elements in each stomach samples from fetus aging four to
ten months. The content values were compared to those
from adult tissue samples, and the values for each month
group were also analyzed for dynamic changes.
RESULTS: Three representations were found regarding the
relationship between contents of the elements and ages of
the fetus, including the positive correlative (K), reversely
correlative (Na, Ca, P, Al, Cu, Zn, Fe, Mn, Cr, Sr, Li, Cd, Ba,
Se ) and irrelevant groups (Mg, Co, Ni, V, Pb, Ti).
CONCLUSION: The chemical elements’ contents in stomach
tissues were found to change dynamically with the stomach
weights. The age-dependent representations for different
chemical elements during the prenatal development may
be of some significance for assessing development of fetal
stomach and some chemical elements. The data may be
helpful for the nutritional balance of fetus and mothers during
prenatal development and even the perinatal stages.
Hou SF, Li HR, Wang LZ, Li DZ, Yang LS, Li CZ. Contents of
chemical elements in stomach during prenatal development:
different age-dependent dynamical changes and their
significance. World J Gastroenterol 2003; 9(5): 1063-1066

http://www.wjgnet.com/1007-9327/9/1063.htm

INTRODUCTION
Embryonic stomach develops from the caudal side of foregut,
and then the primitive stomach expands towards abdomen.
With its enlargement, a 90 degrees clockwise rotation occurs
around its major axis, giving the rise to the shape similar to
the adult stomach. During the prenatal development, stomach
is one of the fast growing organs, and all nutritious elements
for the growth are supplied by mother through the placenta.
The stomach is mainly for digestion of food and absorption of

nutrients, so its development and functional maturation after
birth is important for its adaptability to the changing nutrient
intaking way. In this article, we reported the dynamics contents
of 21 chemical elements in gastric tissues during the
development of fetal stomach.

MATERIALS AND METHODS
Materials
The fetuses were 4-10 months old (every 4 weeks are one
month), all begin from countryside of Henan Province. Those
gland 10 months old were obtained through unexpected
abortion and those with shorter pregnancies were collected
after the induced abortion. No case of the abortion could be
attributed to environmental pollution, or their maternal health
or nutrition problems. The stomach was taken from the fetus,
using redistilled water, and then dried in an oven at 70-80 .
The samples were crushed into powder and kept in the
desiccator for use. Stainless steel scalpel and Teflon scissors
were used during the sample processing, and contamination
was avoided in the whole course.
Methods
Se was measured using the method of 2.3 - di-aminonaphthalene fluorescence, with a fluorescence spectrometer
(Model MPF-4, Hitachi). The other elements were detected
using the method of ICP-AES[1], with a sequential plasma
emission spectrometer (ICP-2070 Barid Company’s Model).
All reagents employed were of commercial reagent-grade
quality. Quality control was carried out by national first grade
references including ox liver powder (ESA-1) and the pork
(GBW08552). Statistical computations were conducted using
the soft package SPSS 10.0.
Analysis data of adult
All data of adults were taken from the literature[2], covering
reference parameters from the 100 persons (68 men, 32 women,
31.3 ±11.0 years old) 4 provinces in South and Northern China.
The original values, presumed to contain 71.6 % of water, were
converts into those by dry weight.
RESULTS
Contents of constant elements in fetal stomach
Table 1 showed the contents of six constant elements of
stomach of fetus aging 4-10 month, with that of K increasing
with age, the values of Na, Ca, P, and Al were found to decrease
with the fetus age, but the change for Mg was not significant.
Contents of K, Na, Ca, P, Al and Mg in stomach tissues from
fetus 10 month-old were 112.4 %, 60.6 %, 53.3 %, 78.0 %,
44.3 %, 86.1 % respectively of those from fetus 4 month-old.
This indicates that the gastric tissues at embryo stages, contain
more K than those at later pregnancy, and that Na, Ca, P, Al
and Mg are higher in the embryonic stomach. In addition, K,
Na, Ca and Mg contents were higher in the fetal stomach than
in the adult samples.
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Contents of essential elements in fetal stomach
Table 2 showed the contents of ten essential elements of
stomach of fetus at the ages of 4-10 months. A tendency of
age-dependent reduction was observed for all of 10 trace

May 15, 2003 Volume 9 Number 5

elements, with the changes of Cu, Zn, Fe, Mn, Cr, Se and
being more pronounced, and Cu, Zn, Fe, Mn, Cr, Sr, Se, Co,
Ni, V contents in fetal stomach age of 10 month were 67.5 %,
38.8 %, 69.8 %, 78.0 %, 54.6 %, 95.8 %, 72.7 %, 99. 0 %,

Table 1 Contents of constant elements in fetal stomachs, with comparison to those in adult[2] (µg/g dry weight)
Age (mon)
K

4

5

6

7

8

9

10

Adult

7995.7

8148.9

8712.2

8583.1

8838.4

9091.5

8987.2

5193.7

2309.1(6)

2783.7(19)

1969.6(14)

1405.1(9)

1731.5(7)

2308.9(6)

894.2(5)

1457.7

Na

13237.5

11255.8

10708.8

9368.1

7859.1

9673.3

8023.6

4894.4

Ca

1540.3(6)
972.7

2096.0(19)
676.1

2718.0(14)
704.5

2112.5(9)
662.6

2433.1(7)
699.4

1855.6(6)
575.5

1853.8(5)
518.8

1626.8
89.7

60.3(6)

191.9(19)

147.3(14)

110.4(9)

243.8(7)

103.7(6)

159.0(5)

47.5

Mg

591.8

589.5

627.4

622.7

648.1

519.7

509.8

494.0

203.3(6)

155.6(19)

99.6(14)

91.9(9)

71.5(7)

96.5(6)

84.6(5)

159.7

P

7850.8

7668.5

7029.8

6213.7

6117.3

6216.3

6122.4

Al

2113.8(6)
12.922

1092.0(19)
14.486

969.1(14)
14.152

946.3(9)
14.792

752.4(7)
10.786

722.9(6)
10.096

312.9(5)
5.722

8.947(6)

5.794(19)

8.620(14)

8.608(9)

4.513(7)

7.342(6)

5.208(5)

Data in the upper row for each element is average mean, those in the lower is standard deviation with the case numbers in bracket.
Case number of adult is 100.
Table 2 Contents of essential elements in fetal stomachs, with comparison to those in adult [2] (µg/g dry weight)
Month-age

4

5

6

7

Cu

47.33

37.26

38.98

37.67

38.28

27.65

32.20

4.95

13.95(6)

14.74(19)

9.02(14)

16.44(9)

17.42(7)

8.53(6)

8.43(5)

1.52

Zn
Fe
Mn

8

9

10

Adult

310.7

311.1

279.6

215.2

150.6

136.0

120.5

71.87

38.8(6)

124.6(19)

50.3(14)

44.7(9)

81.2(7)

34.9(6)

12.6(5)

15.42

765.1

677.0

550.9

503.1

559.8

530.1

534.3

138.6

188.5(6)

257.3(19)

158.1(14)

147.4(9)

98.9(7)

260.0(6)

131.3(5)

61.4

3.266

2.849

2.833

2.918

3.068

2.370

2.547

2.440

0.797(6)

0.881(19)

1.015(14)

0.934(9)

0.859(7)

0.387(6)

0.512(5)

1.116

Se

-

0.565

0.553

0.539

0.471

0.468

0.411

0.042(2)

0.186(10)

0.161(9)

0.240(7)

0.089(6)

0.137(5)

Co

0.575

0.613

0.711

0.709

0.648

0.595

0.569

0.060

0.380(6)

0.292(19)

0.320(14)

0.547(9)

0.259(7)

0.229(6)

0.188(5)

0.377

Cr
Ni
Sr
V

0.595

0.565

0.513

0.510

0.359

0.302

0.325

3.958

0.291(6)

0.309(19)

0.396(14)

0.397(9)

0.241(7)

0.154(6)

0.181(5)

6.511

0.511

0.898

0.517

0.483

0.780

0.530

0.211

0.662

0.254(6)

1.551(19)

0.584(14)

0.302(9)

0.293(7)

0.426(6)

0.096(5)

0.556

1.231

0.785

0.922

0.735

0.651

0.374

0.564

0.554(6)

0.394(19)

0.502(14)

0.238(9)

0.236(7)

0.170(6)

0.178(5)

0.707

0.500

0.702

0.581

0.640

0.556

0.327

0.521(6)

0.386(19)

0.524(14)

0.170(9)

0.261(7)

0.413(6)

0.173(5)

Table 3 Contents of harmful elements in fetal stomachs, with comparison to those in adult[2] (µg/g dry weight)
Month-age
Li

4

5

6

7

8

9

10

0.707

0.720

0.699

0.653

0.567

0.479

0.383

0.903(6)

0.328(19)

0.374(14)

0.318(9)

0.189(7)

0.258(6)

0.165(5)

Adult

Cd

0.266

0.197

0.129

0.128

0.103

0.108

0.081

0.835

Pb

0.357(6)
1.091

0.189(19)
0.882

0.080(14)
0.881

0.070(9)
0.851

0.065(7)
0.879

0.053(6)
0.884

0.039(5)
0.835

0.553
0.426

0.607(6)

0.565(19)

1.245(14)

0.578(9)

0.948(7)

0.461(6)

0.370(5)

0.356

Ba

2.542

1.361

1.055

0.911

1.053

0.415

0.705

1.214(6)

0.789(19)

0.447(14)

0.770(9)

1.445(7)

0.183(6)

0.228(5)

Ti

0.347

0.567

0.474

0.497

0.543

0.533

0.419

0.154(6)

0.298(19)

0.275(14)

0.286(9)

0.353(7)

0.385(6)

0.290(5)

Hou SF et al. Dynamical changes of contents chemical elements in fetal stomach

41.3 % and 46.3 % respectively of that of 4 month. This
indicates that the embryonic stomachs contain more essential
elements than the fetal stomach. In comparison to the adult
tissues, the gastric samples from fetuses aging 10 months
contain more Cu, Zn, Fe and Co, less Cr and Ni, but the Mn
content was similar. There were no analytical datum of Se, Sr,
V in stomach of China Reference Person.

Contents of harmful elements in fetal stomach and comparison
with those in adult
Table 3 showed the contents of five harmful elements of
stomach of fetus ageing 4-10 months. Except Ti, other elements
reduced with the fetal development. Li, Cd, Ba, Pb and Ti
contents in fetal stomach at the age of 10 month were 54.2 %,
30.5 %, 27.8 %, 78.2 % and 120.7 % respectively of those at
the age of 4 month. In comparison to the published data for
the adult group[2], the stomach tissue in fetuses at the age of 10
month contained less Cd and more Pb.
Change regulation of contents of chemical elements in Fetus’
stomach and its significance
Table 4 showed the stomach weights of fetuses from 4 to 10
months. The data in agreement with those reported elsewhere[3].
The stomach weight was positively correlative the age (r=0.961,
P=0.001). Table 5 showed the relation between contents of 21
elements and the age of fetus, with both parameters positively
correlative for K, negatively correlative for 14 elements and
statistically independent for the remaining elements.
Table 4 Stomach weights of fetus aging from 4 to 10 months
Month-age

4

5

6

7

8

9

10

Weight (gram)

0.35

0.94

1.73

3.17

4.20

5.41

8.93

0.12(6)

0.45(19) 0.64(14) 0.74(9)

1.19(7)

0.76(6) 2.10(5)

100

268.6

494.3

905.7

1200.0

1545.7

2551.4

268.6

184.0

183.2

132.5

128.8

165.1

Fixed ratio (%)

Circular ratio (%) -

The data in the upper row was average mean, that in the lower
row was standard deviation, with the case number in bracket.
stomach weight of fetus age of i month
Fixed ratio=
×100 %;
stomach weight of fetus age of i month
stomach weight of fetus age of j month
Circular ratio=
×100 %;
stomach weight of fetus age of i month
(i=4,5...10; j=i+1, jmax=10)
Table 5 Relation between elements’ contents and age of fetus
Remarkable positive
relativity (Pearson r)
K(0.9301)b

a

Remarkable negative
relativity (Pearson r)

Unobvious relativity
(Pearson r)

Na(-0.8815)b

Mn(-0.7364)a

Mg(-0.5265)

Ca(-0.9222)b

Cr(-0.9515)b

Co(-0.1858)

P (-0.7221)a

Sr(-0.8734)b

Ni(-0.4872)

Al(-0.7983)a

Li(-0.9419)b

V(-0.6348)

Cu(-0.8259)a

Cd(-0.9051)b

Pb(-0.0002)

Zn(-0.9700)a

Ba(-0.8369)b

Ti(0.2161)

Fe(-0.7883)a

Se(-0.9648)b

P<0.05, bP<0.01.

DISCUSSION
Embryo’s development is a special stage in human life. It can
be divided into the embryo, fetus and neonate stage. There are
respective characteristics during each stage. Main character
of fetus is that embryo differentiates into different organs for
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fetal development and storage for material and energy. Neonate
characteristic is the adaptation of outer-environment of womb,
and fetal metabolism changes from anabolism to catabolism.
These characters are extremely easy to be interfered by
environment, different dangers happen in different stages, and
this is one of reasons that changes happen in the later stage of
fetus appear after birth[4]. At present, there is very deficient
knowledge to the variety of the chemical elements and
understanding of their physiological function in the special
changes that happen in the stage of fetus, it is helpful to solve
these problems through dynamic observation of chemical
elements of fetal tissues.
In this article, the correlation analysis between chemical
elements in stomach and fetal age indicates that elements that
are positively correlative with age in per gram stomach tissue
increases with the development of the stomach, and elements’
contents in fetus are lower than neonate; 14 elements that are
reversely correlative with age in per gram stomach tissue reduce
notably with the development of the stomach, and the elements
contents in fetus are higher than neonate; 6 elements that are
statistically independent with age in stomach of fetus may be
basically unanimous of those of neonate. These results may
be of some significance for studying the relation between
elements and stomach development and physiological function.
In eleven essential elements that have datum of “China
reference person”, there are eight elements’ contents of
stomach of fetus higher than those of adult. For example, Ca
of fetus stomach is 5.8 times of the adult’s, Cu is 6.5 times, Fe
is 3.8 times, and Zn is 1.7 times. It is well known that Ca, Cu,
Fe, Zn are the elements that are easy to be lack and affect on
the organs’ development, cause a lot of physiology biochemical
pathological changes and health problems in neonate, infant
and children[5-9], the character that there are higher contents in
the stage of fetus not only reflects the material’ storage function
of fetus, but also reveals the regulation of “adaptation to outerenvironment of womb” after birth. The contaminative trace
elements’ contents are remarkably lower than adult (Cr, Ni),
such as Cr content in stomach of adult is 12.2 times of that of
fetus, this indicates that the increase of this kind of elements’
contents in adult is closely related with environment[2]. Harmful
elements like Cd and Pb, their contents decrease with the
increase of age, for example, the contents of Cd of stomach of
fetus 10 month age is 30.45 % of that of fetus 4 month age,
and the content of Pb of children over 7 is 37.5 % that of the
neonate, which indicates that the content of Cd, Pb doesn’t
bring harm to fetus, and the accumulations of Cd, Pb in body
of children result from environmental pollution, bad living and
sanitary custom et al[8, 10-20], this can consult for environmental
monitoring.
Our series study of 21 elements contents’ dynamics in other
tissues of fetus (liver, kidney, brain, heart, lung, spleen), the
same to stomach, majority of 21 elements’ contents in per
gram tissue remarkably reduce with the fetal age, the
decreasing rate is especially large before birth. This common
character of elements’ change in different tissues indicates
the sensitivities to these elements deficiency in the stage of
neonate and infant, if the supply of this kind of elements
from mother-environmental system is insufficient, it may
bring nutritional lack of this kind of elements. Intervene
experiment shows that it will take good effects on fetus and
infant development with this kind of elements supplement
singly to pregnant women[21-25], however, supplement with Ca,
Fe, Zn jointly to pregnant women, the mean values of the
weight and height of their baby at birth are largest than other
groups, this indicates that Ca, Fe, Zn supplement to pregnant
woman is benefit for fetus and infant development[26-28]. Our
study not only provides basis for adjusting and controlling
nutrition of neonate, infant and pregnant and breast-feeding
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woman, at the same time, furthermore can offer physiological
foundation for focus viewpoint that some diseases of adult
originate from fetus[29-32].
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Abstract
AIM: To study the mechanism and the preventive role of 1,
25-dihydroxyvitamin D3 in acute rejection following
orthotopic liver transplantation.
METHODS: Rats were randomly divided as donors or
recipients for orthotopic liver allotransplantation model. Four
groups were designed in the study, Group I: syngenic control
(Wistar to Wistar); Group II: acute rejection (SD to Wistar);
Group III: acute rejection treated with cyclosporine A, and
Group IV: acute rejection treated with 1,25-(OH)2D3. Liver
function, rejection activity index and mRNA of IFN-γ, IL-10
intragraft in recipients were measured on day 1, 5, 7, 15,
30 posttransplant for assessing graft function, severity of
acute rejection and immune state of recipients.
RESULTS: Survival time of recipients in Group IV was
significantly prolonged (4/6 recipients survived for over 100
days. vs Group II, P<0.001; vs Group III, P>0.05). After
treatment with 1,25-(OH)2 D3, mean value of all the assay
tested on each experimental time was compared, liver
function in group IV was significantly improved (AST 127±41
U/L-360±104 U/L, BIL 13±5 mmol/l-38±11 mmol/l; vs Group
II, P<0.05; vs Group III, P>0.05. Rejection activity index
was significantly decreased (0-3.3±1.6; vs Group II, P<0.05;
vs Group III, P>0.05). Level of hepatic IFN-γ mRNA in group
IV was decreased, while level of hepatic IL-10 mRNA was
increased (vs Group II, P<0.05; vs Group III, P>0.05).
CONCLUSION: Our results indicated that 1,25-(OH)2D3
induced the secretion of cytokine toward to Th2 type, which
would alleviate acute rejection, protect liver function and
prolong survival of recipient after orthotopic liver transplantation.
Zhang AB, Zheng SS, Jia CK, Wang Y. Effect of 1,25dihydroxyvitamin D3 on preventing allograft from acute
rejection following rat orthotoic liver transplantation. World J
Gastroenterol 2003; 9(5): 1067-1071

http://www.wjgnet.com/1007-9327/9/1067.htm

INTRODUCTION
1,25-dihydroxyvitamin D3 (1,25-(OH)2 D3), the functional
metabolite of vitamin D, is a key regulator of calcium and

phosphorus[1], has important immunomodulatory action[2,3], and
was demonstrated to be able to prevent graft from acute
rejection after transplantation of heart and renal, and prolong
the survival of graft significantly[4-7]. In previous study, we
demonstrated that 1,25-(OH)2 D3 played important role in
preventing the rejection of allograft after liver transplantation.
The kinetic characteristic of 1,25-dihydroxyvitamin D3 on liver
allograft viability and rejection after liver transplantation was
explored in present study with orthotopic rat liver
transplantation model. Furthermore, expression of IFN and IL10 was determined to examine the immunomodulatory effect
of 1,25-dihydroxyvitamin D3.

MATERIALS AND METHODS
Animals, surgical procedure and experimental groups
Male Sparague-Dawley (SD) and Wistar rats (200-250 g,
purchased from Shanghai Animal Center, Academy of Science,
Shanghai) were selected randomly as transplant donors or
recipients. Under ether inhalation, orthotopic rat liver
transplantation was performed according to Kamada’s twocuff technique[8]. Four experimental groups were designed in
this study, Group I: syngenic control (Wistar-to-Wistar); Group
II: acute rejection (SD-to-Wistar); Group III: acute rejection
treated with cyclosporine A 3.0 mg·kg-1·d-1 intramuscularly,
from day 0 to 13 posttransplant (SD-to-Wistar+CsA); Group
IV: acute rejection treated with 1,25-(OH)2 D3 1.0 µg·kg-1·d-1
intraperitoneally, from day 0 to day 13 posttransplant (SD-toWistar+1,25-(OH)2 D3). Recipient animals had an
experimental diet containing 0.47 % calcium 7 days before
transplantation; only recipients in Group IV received
experimental diet for15 days following transplantation.
Sample harvesting
On day 1, 5, 7, 15, and 30 posttransplant, three rats were
selected from each group for sample harvesting. Serum calcium
levels were measured to study the effect of 1,25-(OH)2 D3 on
calcium metabolism. Serum aspartate aminotransferase (AST)
and total bilirubin (BIL) were measured to study the effect of
1,25-(OH)2 D3 on liver functions. Liver allografts were taken
for histology and cytokine determination. Another 6 rats in
each group were bred for observing survival time. Rocaltrol,
1,25-dihydroxyvitamin D3 product of Roche Pharma, and
Sandimmune, Cyclosporine A product of Novartis Pharma
were used in this study.
Histopathologic examination
Grafted liver samples were fixed in 10 % buffered formalin
and embed in paraffin. Five-micrometer-think sections were
affixed on slides, deparaffinized, and stained with hematoxylin
and eosin. Morphologic change of graft was observed and
severity of acute rejection was assessed with Rejection Activity
Index according to Banff 97 working classification of hepatic
allograft pathology[9].
Cytokine reverse transcription-polymerase chain reaction
Primer sequences and reaction conditions The sequences
of primers, synthesized by Bioengine-ering Corp at Shanghai
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are as follow, IFN-γ sense primer 5’-ACT GCC AAG GCA
CAC TCA TT-3’, antisense primer 5’-AGG TGC GAT TCG
ATG ACA CT-3’(size 235bp); IL-10 sense primer 5’-TGC
TCT TAC TGG CTG GAG TG-3’, IL-10 antisense primer 5’GTC GCA GCT GTA TCC AGA GG-3’(size 345bp). β-actin
sense primer, 5’-TCG TAC CAC TGG CAT TGT GA-3’, βactin antisense primer, 5’-TCC TGC TTG CTG ATC CAC
AT-3’ (size 645bp). Amplification were performed using an
initial denaturation step of 95
for 2 minutes, followed by
32 cycles consisting of 94
for 45 seconds, 56
for 45
seconds and 72
for 45 seconds. The final extension step
was one cycle at 72
for 10 minutes.
RT-PCR Total RNA was prepared from grafted liver with TRIzol
Reagent (Gibco, BRL) according to the manufacturer’s
recommendations. For cDNA synthesis, 4 µg total RNA was
reverse transcribed with MuLV (MBI, Fermentas) reverse
transcriptase according to the manufacturer’s recommendations.
Two microliters from the resulting cDNA solution were then
amplified in a volume of 25 µl PCR buffer using specific
oligonucleotides under the conditions aforementioned. Reaction
products were run on a 1.5 % agarose gel for 20-30 min at 100 V,
and visualized with ethidium bromide under UV light. Relative
expression of cytokines was defined as optical density ratio
(cytokine/β-actin) analyzed by Kodak science scanning system.

Statistics
All data were expressed as mean values and standard deviations
and analyzed using SPSS software (version 10.0 for windows).
Difference in mean value between the groups was tested by
Independent-Samples t test. Differences in pathological Reject
Activity Index score between the groups were tested with the
Mann-Whitney U nonparametric test. Recipient’s survival was
estimated with the Kaplan-Mier product limit estimator.
Statistically significance was defined at P<0.05.
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on day 7 posttransplant was defined as basal value. If value
was not significant in comparison with basal value, no
significant effect of 1,25-(OH)2 D 3 or CsA on calcium
metabolism was considered (Table 1). Level of AST and BIL
in Group I increased slightly within 7 days posttransplant and
then gradually restored to normal after 7 days posttransplant.
In Group II, liver function deteriorated dramatically on day 5
posttransplant, and levels of bilirubin and AST increased
steadily until the death of recipients. In contrast, administration
of either CsA or 1,25-(OH)2 D3 prevented deterioration of the
graft function during the first 30 days after transplantation.
The average values of AST were 146±33 U/L-241±107 U/L,
and BIL 17±6 mmol/l-25±9 mmol/l in Group III, while mean
level of AST, BIL in Group IV posttransplant was 127±41 U/L360±104 U/L and 13±5 mmol/l-38±11 mmol/l, respectively.
Difference of these values between Group II and IV was
statistically significant while difference between group III and
IV was not (Figure 2).
Table 1 Serum calcium assessment (mmol/l, x±s)a
Time posttransplant (d)

Group
I
II
III
IV

7

15

30

2.29±0.13
2.34±0.04
2.25±0.11
2.60±0.31

2.16±0.05

2.22±0.16

2.32±0.07
2.47±0.27

2.12±0.09
2.33±0.31

a: Serum calcium of Group I on 7 d posttransplant was supposed as basal values, each value was not significant in comparison with basal values (P>0.05).
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Effect of 1,25-(OH)2D3 on serum calcium and liver function
An obvious limitation to the use of vitamin D3 derivatives in
transplantation was hypercalcemia. Serum calcium in Group I
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Figure 1 Effect of 1,25-(OH)2 D3 on survival of rat recipients of
an othtopic liver allograft (Kaplan-Meier Survival Curve).
When Group III was compared with Grou II: P=0.0005. When
Group IV was compared with Grou II: P=0.0005. When Group
IV was compared with Group III: P=0.70.
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RESULTS
Survival of recipient posttransplantation
All the recipients in Group I survived for over 100 days; all the
recipients in Group II died at day 7 to day 19 posttransplantation
and median survival time was 12.3±4.0 days. Five out of 6
recipients in Group III, and 4 out of 6 recipients in Group IV
survived for long term. Difference between Group IV and II
was statistically significant, but not for that between group IV
and III. Kaplan-Mier Survival Curve was showed in Figure 1.

1

b

b

a

a

5

7

15

30

Time posttransplant (d)

Figure 2 Effect of 1,25-(OH)2 D3 on graft function (x±s). aP<0.05,
vs Group I; bP<0.05, vs Group II.

Histological assessment of graft rejection
In Group I no signs of rejection were found all the time, on
day 5 posttransplant, minimal inflammation on portal area was
found, average RAI score was 0.3±0.6. On all other
experimental times, RAI score was 0; In group II, a few
lymphocytes infiltrated in portal area with minimal vein
endothelialitis on day 1 posttransplant. Lymphocytes infiltrated
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in portal area obviously with degeneration of hepatic parenchyma
in all cases on day 5 posttransplant with average RAI 8.3±1.1
Marked mononuclear infiltration, severe vein subendothelialitis
with bridging hepatocellular necrosis can be found on day 7
posttransplant with average RAI 8.7±0.6. Rejection reaction was
greatly inhibited in Group III due to the immunosuppressive
effect of CsA. No evidence of rejection was found on day 1 and
day 5 posttransplant. But both inflammatory infiltration and
endothelialitis can be found on day 7 with RAI at 2.3±0.6 was
evaluated. Infiltration in portal area and bile duct hyperplasia in
some cases were detected on day 15 and day 30 postransplant.
As for Group IV, RAI was 0 on day 1 posttransplant. On day 5
posttransplant, RAI was 2.3±0.6. Inflammatory was mild. Vein
subendothelial tissue and bile duct were cuffed by lymphocytic
infiltrate occasionally. Necrosis of hepatocytes was not detected.
On day 7 and 15, mild to moderate portal inflammatory was
continuously mild to moderate. Various degree endothelialitis
or hepatocyte necrosis existed in some cases. On day 30
posttransplant, mild to moderate portal infiltrate was still
existed. Mild bile duct hyperplasia was found in 2/3 cases.
RAI in Group IV was lower than in Group II significantly
(P<0.05) on each time point. In comparison with Group III,
RAI in group IV was slightly higher without any significance
(P>0.05) on each time point (Figure 3).
8

RAI

6
a,b

4

b

a

a

2
0

1

5
7
15
Time posttransplant (d)

30

Figure 3 Effect of 1,25-(OH)2 D3 on Rejection Activity Index
(RAI). (x±s). aP<0.05, vs Group I; bP<0.05 vs Group II.
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Figure 4 Effect of 1,25-(OH) 2 D 3 on IFN-γ and IL-10 gene
transcription (x±s, analyzed by RT-PCR). aP<0.05, vs Group
I; bP<0.05 vs Group II.

Effect of 1,25-(OH)2 D3 on IFN-γ mRNA and IL-10 mRNA
On each defined time posttransplant, the expression of IFN-γ
mRNA intragraft was little in Group I and strong in Group II.
After administration of CsA, the expressed level of IFN-γ
mRNA decreased significantly (P<0.05, vs Group II). After
treatment with 1,25-(OH)2 D3 1.0 µg·kg-1·d-1, the expressed level
of IFN-γ mRNA decreased significantly (P<0.05, vs Group I;
P>0.05, vs Group III).
In contrast, expression of IL-10 mRNA intragraft was
strong and obvious in Group, but very weak in Group II. The
expression level increased significantly (P<0.05, vs Group II)
after treatment with CsA. As for Group IV, the expression
level increased markedly (P<0.05, vs Group II; P>0.05, vs
Group III) (Figure 4).
DISCUSSION
As a newly recognized hormone, 1,25-(OH)2 D3 has immune
activity in vitro and its role in organ transplantation has been
highlighted last decade. For instance, MC1288, a analogue of
1,25-(OH)2 D3, could prolong survival of cardiac and smallbowel allografts in rats[4]. 1,25-(OH)2 D3 was demonstrated to
inhibit neonatal as well as vascularized heart transplantation
rejection much effectively than a high-dose CsA regimen[5].
However, no effect was observed in graft survival in a neonatal
nonvascularized murine heart transplantation model in another
report[10]; Jordan et al[11] reported a marginal effect of vitamin
D on rat cardiac allograft survival. In all cases, significant
toxicity of hypercalcium was observed. In our study, we
showed that 1,25-(OH) 2 D 3 can effectively inhibit acute
rejection following liver transplantation, and prolong
recipients’ survival markedly. Our study also showed that
hypercalcemic effect of 1,25-(OH)2 D3 can be mitigated by a
low-calcium diet. The major differences between these studies
were the administrative route of 1,25-(OH)2 D3. It was given
every other day intraperitoneally in previous study. Since the
half-life of 1,25-(OH)2D3 is few hours[1], the administration of
this compound every other day would not be sufficient.
Furthermore, several studies used various analogues of
vitamin D such as KH1060, MC1288. These analogues had
varied side effect of hypercalmia by changing its stereochemistry
at C-20[12-14], and allowed to take higher dosage of this agents
and thus increased its immune effect in therapy.
In present study, it has been confirmed that the beneficial
of 1,25-(OH)2 D3 on survival was due to a marked inhibition
of rejection and amelioration of graft function. At the cellular
level, 1,25-(OH) 2 D 3 interferes with function of antigenpresenting cells by decreasing MHC class II expression, and
blocks mitogen stimulated T-cell proliferation[15-17]. As a result,
1,25-(OH)2 D3 reduces the immunogenicity of allograft and
the cytotoxicity of CTL, prevents the allograft from immune
attack. In present study, the allografts of rats that did not receive
1,25-(OH)2 D3 demonstrated moderate to severe acute rejection.
Marked lymphocytic infiltration, severe bile duct injury,
subendothelialitis and hepatic necrosis were observed. The
RAI score and bilirubin concentration, AST activity increased
continuously until the death of recipients. In contrast,
allografts of rats receiving 1,25-(OH)2 D3 showed significant
improvement. Lymphocytic infiltration intragraft and
hepatocellular necrosis were mild, and the rejection activity
was inhibited. On each time point observed, the differences in
values of RAI, BIL and AST between Group III and IV were
not significant statistically. It suggested that the effect of 1,
25-(OH)2 D3 and CsA in protecting graft function was equal.
Some studies[18-21] showed that in allografting Th1 cells
launched rejection by priming the cytotoxicity of CTL and
delayed-type hypersensitivity reaction through cytokine, and
Th2 cells induced allografts tolerance by receding the activity
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of Th1 cells through cytokine. 1,25-(OH)2 D3 interacted with a
nuclear receptor (VDR). In nuclear, VDR combined with RXR
to form a heterodimer, then bound to the target gene. Once 1,
25-(OH)2 D3 combined with the VDR, DNA bending occurs.
Ultimately it affected the RNA polymerase activity for either
stimulation or suppression of transcription[22-24]. The present
study has demonstrated that 1,25-(OH) 2 D 3 can inhibit
transcription of IFN-γ, and stimulate transcription of IL-10.
Thus, our results provide further evidence that a high IL-10
and low IFN-γ expression state may protect allografts[25,26]. It
was manifested in vitro that 1,25-(OH) 2 D3 could inhibit
interleukin 12[27] which was produced by myelomonocytic cells
and played a pivotal role in the development of Th1 cells, as
well as inhibition the excretion of cytokine such as IFN-γ[28,29]
and IL-2[30,31]. In the other hand, 1,25-(OH)2 D3 can directly
stimulate Th2 cells to excrete cytokine such as IL-4, IL-5 and
IL-10[32-34]. The effect of vitamin D3 on cytokine may shift the
immune response from the Th1 pathway, which leads to
allograft rejection to the Th2 pathway, which can induce
allograft tolerance.
In kinetic surveillance, some common characteristic can
be found in all groups. In isograft, variation of each index was
relatively gentle. The allografts of rats that did not take 1,25(OH)2 D3 demonstrated a obvious tidemark of rejection on day
5 posttransplant. In Group III and IV, the rejection reaction
was inhibited markedly due to the immunosuppressive effect
of 1,25-(OH)2 D3 and CsA. The kinetic in the two groups and
IFN-γ mRNA and RAI were similar, that is, the severe rejection
reaction appeared on day 7 posttransplant, meanwhile
expression of IL-10 mRNA and liver function were very low.
Previous studies[35,36] showed that high immunoresponses
occurred day 3 to day 5 posttransplantation and thus called a
transient “rejection crisis”. It may be due to the strong
immunosuppressive effect of 1,25-(OH)2 D3 and CSA that
rejection crisis phase in Group III and IV was postponed.
Interesting, although majority of recipients in group III and
IV survived for long-term, all of grafts in these two groups
were demonstrated various degree of rejection activity. Further
studies[37,38] have confirmed that majority of this rejection was
self-limited, and it could resolve spontaneously by day 50
posttransplant without immunosuppressive agents.
In conclusion, our study proved that 1,25-(OH)2D3 could
effectively modulate the cytokine net, induce TH1/TH2
shifting, and thus postpone the “rejection crisis”, inhibit the
acute rejection and protect the graft function.
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Abstract
AIM: To study the modulating effect of GdCl3 and Angelica
Sinensis polysaccharides (ASP) on differentially expressed
genes in liver of hepatic immunological mice by cDNA
microarray.
METHODS: Hepatic immunological injury was induced
by lipopolysaccharide (LPS ip, 0.2 mg·kg -1) in bacillus
calmetteguerin (BCG ip, 1 mg·kg-1) primed mice; A single
dose of 20 mg·kg-1 GdCl3 was simultaneously pretreated
and 30 mg·kg-1 ASP (ig, qd×7 d) was administrated when
the BCG+LPS was primed. The mice were sacrificed at
the end of the 7th day after ip LPS for 6 h and the liver
was removed quickly. The PCR products of 512 genes
were spotted onto a chemical material-coated glass plate
in array. The DNAs were fixed to the glass plate after
series of treatments. The total RNAs were isolated from
the liver tissue, and were purified to mRNAs by Oligotex.
Both mRNAs from the normal liver tissue and the liver
tissue from the mice with hepatic immunological injury or
that pretreated with GdCl 3 or ASP were reversely
transcribed to cDNAs with the incorporation of fluorescent
dUTP to prepare the hybridization probes. The mixed
probes were hybridized to the cDNA microarray. After highstringent washing, the cDNA microarray was scanned for
fluorescent signals and showed differences between the
two tissues.
RESULTS: Among the 512 target genes, 18 differed in liver
tissue of hepatic immunological injury mice, and 6 differed
in those pretreated by ASP, 7 differed in those pretreated
by GdCl3.
CONCLUSION: cDNA microarray technique is effective in
screening the differentially expressed genes between two
different kinds of tissue. Further analysis of those obtained
genes will be helpful to understand the molecular mechanism
of hepatic immunological injury and to study the intervention
of drug. Both ASP and GdCl3 can decrease the number of
the differentially expressed genes in liver tissue of mice with
hepatic immunological injury.
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INTRODUCTION
The advanced technique of DNA microarray makes it possible
to monitor the expression of ten out of thousand genes
simultaneously in one hybridization experiment[1,2]. The past
year has demonstrated the versatility of microarrays for the
analysis of whole model-organism genomes and has seen the
development of chips to measure the expression of 40 000
human genes. Microarray technology has also become
considerably more robust and sensitive[3]. The technology of
microarrays has advanced from reverse Northern blots on filters
detected using radioactive probes to a highly technical field
involving miniaturized synthesis, multi-color fluorescent
labeling, and database management. Recently, whole genome
has been analyzed[4,5]. Microarray analyses typically follow the
steps of gent selection, microarray synthesis, sample
preparation, array hybridization, detection, and data analysis
with appropriate controls required for each. Functional
genomics is the study of gene function through the parallel
expression measurements of genomes, most commonly using
the technologies of microarrays and serial analysis of gene
expression. Microarray could use in some other field also, such
as, basic research of drug and target discovery, biomarker
determination, pharmacology, toxicogenomics, target selectivity,
development of prognostic tests and disease-subclass
determination[6]. In this experiment, the DNA segments were
spotted on a slide with high density. Then cDNA retrotranscribed from mRNA derived from normal or pathological
tissues, which were labeled with Cy3 and Cy5 fluorescence,
hybridized with the microarray slide[7]. Through this technique,
detection of differentially expressed genes and the construction
of differential gene expression profiles are greatly facilitated.
The BioDoor 512DNA microarray was used for investigating
the changes of gene expression in liver tissue of hepatic
immunological mice and studying the effective mechanisms of
ASP and GdCl3, which might give important health benefits to
understanding, diagnosing and treating the liver injury.
MATERIALS AND METHODS
Animals and treatments
Hepatic immunological injury was induced by
lipopolysaccharide (LPS ip, 0.2 mg·kg -1 ) in bacillus
calmetteguerin (BCG ip, 1 mg·kg-1) primed mice (Model); A
single dose of 20 mg·kg-1 GdCl3 was pretreated simultaneously
(Model+GdCl3) and 30 mg·kg-1 ASP (Model+ASP, ig, qd×7
d) was administrated when the BCG+LPS was primed. The
mice were sacrificed at the end of the 7th day after ip LPS for
6 h and the liver was collected for analysis of cDNA micrarray.
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Construction of microarrays[4]
The BioDoor 512 microarray consisted of a total of 512
novel or known genes (provided by United Gene Holdings,
Ltd). These genes were amplified through PCR using
universal primers and then purified; the purity of PCR
production was dissolved in 3×SSC solution, and these
target genes were spotted on silylated slides (Tele Chem,
Inc.) by Cartesian 7 500 Spotting Robotics (Cartesian, Inc.).
After spotting, the slides were hydrated (2 h), dried (0.5 h)
at room temperature, UV cross-linked (65 mJ/cm), and then
treated with 0.2 % SDS (10 min). The slides were dried
again and ready for use.
Probe preparation[4]
The method of total RNA extraction was modified from the
original single step extraction with Trizol agent. The liver tissue
stored in liquid nitrogen were ground completely into tiny
granules in 100 mm ceramic mortar (RNase free) and
homogenized in Trizol. The pellet of total RNA was dissolved
with Milli-Q H2O. The mRNAs were purified using Oligotex
mRNA Midi Kit (Qiagen, Inc.). The fluorescent cDNA probes
were prepared through reverse transcription and then purified
(referring to the protocol of Mark. Schena.). The probes from
normal tissues were labeled with Cy3-dUTP, those from the
pathological tissues were with Cy5-dUTP.
Hybridization and washing[4]
The probes were mixed and precipitated by ethanol, and
resolved in 20 µl hybridization solution (5×SSC + 0.4 % SDS
+50 % formamide + 5×denhardt’s solution). Chip was
prehybridized with Hyb sol +3 µl denatured salmon sperm
DNA at 42 for 6 h. After denaturing at 95 for 5 min, the
probe mixture was added on the prehybridized chip and covered
with glass. The chips were inocubated at 42
for 15-17 h.
The slide was then washed in solutions of 2×SSC + 0.2 % SDS,
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0.1×SSC+ 0.2 % SDS and 0.1×SSC at 60 , respectively for
10 min each, then dried at room temperature.

Detection and analysis[4]
The chip was scanned by ScanArray 5000 laser scanner
(General Scanning, Inc) at 2 wavelengths. The acquired image
was analyzed by ImaGene 3.0 software (BioDiscovery, Inc.).
The intensity of each spot at the 2 wavelengths represented
the quantity of Cy3-dUTP and Cy5-dUTP, respectively. The
ratio of Cy3 to Cy5 was calculated. The two overall intensity
was normalized by a coefficient according to the ratios of the
located 40 housekeeping genes.
RESULTS
Differentially expressed gene in liver tissues between mice
with or without hepatic immunological injury
Total 18 differentially expressed genes that might be associated
with hepatic immnunological injury were selected from
microarray. 4 genes showed up-regulation and 14 genes
showed down-regulation (Table1, Figures 1 and 2).
Differentially expressed gene in liver tissues between mice with
hepatic immunological injury and those pretreated byGdCl3
6 differentially expressed genes associated with the effect of
GdCl3 on hepatic immnunological injury were selected from
the microarray. 1 gene showed up-regulation and 5 genes
showed down-regulation (Table 2, Figures 1 and 2).
Differentially expressed gene in liver tissues between mice with
hepatic immunological injury and those pretreated by ASP
7 differentially expressed genes associated with the effect of
ASP on hepatic immnunological injury were selected from
the microarray. 1 gene showed up-regulation and 6 genes
showed down-regulation (Table3, Figures 1 and 2).

Table 1 Differentially expressed gene in liver tissues between hepatic immunological injury mice and normal mice
Genbank-ID

Ratio(Cy5/Cy3)

Humipasa
Hsngmrna
Humoat

0.253
0.285
0.290

Hsncadhe
Humpparp

0.294
0.307

Humorf06
Hsgcsab

0.319
0.373

Humhspa2
Hspbx3
Hsef1gmr
Hsgagmr
Humhhr23

0.379
0.439
0.452
0.460
0.467

Hscatr
Humscp2a

0.470
0.5

Humnpm
Hsrpl32

2.062
2.074

Hsu32944
Hsu32944

2.244
3.239

Classification

Definition

Metabolism

Human mRNA for ATP synthase alpha subunit, complete cds.
H. sapiens hng mRNA for uracil DNA glycosylase.
Human ornithine aminotransferase mRNA, complete cds.

Modulators/Effectors/
intracellular transduction
Cell Surface Antigens & Adhesion
0
Other
Modulators/Effectors/
intracellular Transduction
Stress Response Proteins
Other
Other
DNA Synthesis,
Repair & Recombination F
Metabolism
Ion Channel & Transport Proteins
Other
DNA Binding/Transcription/
transcription F
Apoptosis-Related proteins
Oncogenes & Tumor Suppressors
mRNA, com;oete cds.

Human mRNA for N-cadherin
Human acidic ribosomal phosphoprotein
P0 mRNA, complete cds.
Human mRNA for KIAA0106 gene, complete cds.
H. sapiens soluble guanylate cyclase small subunit mRNA.
Human heat shock protein HSPA2 gene, complete cds.
Human PBX3 mRNA
H.sapiens mRNA for elongation factor-1-gamma
Human mRNA for GARS-AIRS-GART
Human mRNA for XP-C repair com;lamenting
protein(p58/HHR23B), complete cds.
Human kidney mRNA for catalase.
Human sterol carrier protein X.sterol carrier protein 2 mRNA,
complete cds.
Human nucleophosmin mRNA, complete cds.
Human mRNA for ribosomal protein L32.
Human cytoplasmin dynein light chain1(hdlc1) mRNA, complete cds.
Human cytoplasmic dynein light chain 1 (hdlc1)

Ratio is Cy5/Cy3: high expression (ratio >2.0), low expression (ratio<0.5).
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Table 2 Differentially expressed gene in liver tissues between mice with hepatic immunological injury and those pretreated by GdCl3
Genbank-ID

Ratio(Cy5/Cy3)

Hsung
Hsu09564
Hsu83843

0.313
0.343
0.374

Hsmyc1
Humoat
Hsu70323

0.441
0.454
2.200

Classification

Definition

DNA Binding/Transcription/Tra nscription Factors
Modulators/Effectors/intracellular Transduction
Cell Surface Antigens & Adhesion

Human cDNA for uracil-DNA glycosylase.
Human serine kinase mRNA, complete cds.
Human HIV-1 Nef interacting protein
(Nip7-1)mRNA, Partial cds.
Oncogenes & Tumor Suppressors
Human mRNA encoding the c-myc oncogene.
Modulators/Effectors/intracellular transduction
Human ornithine aminotransferase mRNA, complete cds.
Extracellular Cell signaling & Communication proteins Human ataxin-2(SCA2) mRNA, complete cds.

Ratio is Cy5/ Cy3: high expression (ratio >2.0), low expression (ratio<0.5).
Table 3 Differentially expressed gene in liver tissues between mice with hepatic immunological injury and those pretreated by ASP
Genbank-ID

Ratio(Cy5/Cy3)

Humscp2a

0.283

Humoat
Hsngmrna
humpafaa

0.421
0.431
0.461

humhbgfb

0.481

Hsu83843
Humnlk

0.493
2.353

Classification

Definition

Ion channel & transport proteins

Human sterol carrier protein X.sterol carrier
protein 2 mRNA, complete cds.
Modulators/Effectors/intracellular transduction Human ornithine aminotransferase mRNA, complete cds.
H. sapiens hng mRNA for uracil DNA glycosylase.
Modulators/Effectors/
Human mRNA for platelet activating factor acetylhydrolase
intracellular transduction
IB gamma-subunit, complete cds.
Extracellular cell signaling &
Human heparin-binding growth factor receptor
communication proteins
(HBGF-R-alpha-a2) mRNA, complete ceds.
Cell surface antigens and adhesion
Human HIV-1 Nef interacting protein(Nip7-1)mRNA, Partial cds.
Modulators/Effectors/intracellular transduction Human neroleukin mRNA, complete cds.

Ratio is Cy5/ Cy3: high expression (ratio >2.0), low expression (ratio<0.5).
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Figure 1 The scatter plots of gene expression pattern by cDNA
microarray. A: Model liver(Cy5)/normal liver(Cy3); B:
Model+GdCl3 liver (Cy5)/normal liver; C: Mode+ASP liver
(Cy5)/normal liver (Cy3). Ratio is Cy5/Cy3: high expression
(ratio >2.0), low expression (ratio<0.5), no change in expression
(0.5<ratio<2.0).

Figure 2 Scanning results of hybridizing signals by cDNA
microarray. A: Model liver(Cy5)/normal liver(Cy3); B:
Model+GdCl3 liver (Cy5)/normal liver; C: Mode+ASP liver
(Cy5)/normal liver (Cy3). Color of spots in the merged image
of Cy3 image and Cy5 image: high expression (red), low expression (green), no change in expression (yellow).
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DISCUSSION
Hepatic immunological injury is a result of altering multiple
g en es ex p r essio n . cDNA m icr o ar r ay m eth o d can
simultaneously determine a number of genes altered in the
different pathological and physiological status, so gene chip
is a useful tool for studying the target cause of disease and the
effect of drug [10] . The DNA microarray hybridization
applications reviewed include the important areas of gene
expression analysis and genotyping for point mutations, single
nucleotide polymorphisms (SNPs), and short tandem repeats
(STRs)[11,12]. In addition to the many molecular biological and
genomic research uses, systems for pharmacogenomic research
and drug discovery[13,14], infectious and genetic disease and
cancer diagnostics, and forensic and genetic identification
purposes[15-17]. Additionally, microarray technology being
developed and applied to new areas of proteomic and cellular
analysis are reviewed[18,19]. Now, microarray has been developed
many kinds, such as, protein microarray, GEM microarray,
tissue microarray, they also have different kinds uses[20-22].
The present study showed that 18 differentially expressed
genes that might be associated with hepatic immunological
injury were found, 4 genes showed up-regulation and 14 genes
showed down-regulation. These genes expression could
recover to normal level by GdCl 3 except the HIV-1 Nef
interacting protein (Nip7-1) mRNA (Hsu83843). And by ASP
except the HIV-1 Nef interacting protein (Nip7-1) mRNA
(Hsu83843), sterol carrier protein X/sterol carrier protein 2
Mrna (Humscp2a), and H.sapiens hug mRNA for uracil DNA
glycosylase (Hsngmrna).
Furthermore, cDNA or uracil-DNA glycosylase, serine
kinase mRNA, encoding the c-myc oncogene expression
(Hsmycl) showed down-regulation in the mice pretreated with
GdCl3. In this study we find that using GdCl3 and ASP to
pretreat mice with hepatic immunological liver both would
cause down-regulation of Hsung and Hsngmrna. Hsung and
Hsngmrna both related to encoding uracil-DNA glycosylase.
In humans, uracil appears in DNA at the rate of several hundred
bases per cell each day as a result of misincorporation of
deoxyuridine (dU) or deamination of cytosine. The human
UNG-gene at position 12q24.1 encodes nuclear (UNG2) and
mitochondrial (UNG1) two forms of uracil-DNA glycosylase[23].
Repair of uracil-DNA is a base-excision pathway initiated by
a uracil-DNA glycosylase (UDG) enzyme of which have four
families[24]. The most efficient and well characterized of these
uracil-DNA glycosylases is UDG which releases uracil from
DNA, restores the correct DNA sequence, excises U from
single- or double-stranded DNA and is associated with DNA
replication forks[25,26]. Uracil DNA glycosylase (UDG) and
DNA polymerase beta (beta pol) are the two enzymes of base
excision repair (BER)[10]. Krokan et al propose that BER is
important both in the prevention of cancer and for preserving
the integrity of germ cell DNA during evolution[23]. But Kvaløy
et al find mutations affecting the function of human UNG gene
are seemingly infrequent in human tumor cell lines[26,27]. So
we infer down-regulation of these genes may affect cell
proliferation, and GdCl3 and ASP protect liver depend on this
m ec h an i sm in s o m e d e g r e e . A lt h o u g h o r n it h in e
aminotransferase mRNA (Humoat) also showed downregulation, its expression showed a little improvement (Cy5/
Cy3 increased from 0.290 to 0.454). Ataxin-2 Mrna
(Hsu70323) expression showed up-regulation in the mice
pretreated with GdCl3. As for the mice pretreated with ASP,
Humoat expression also showed some improvement (Cy5/Cy3
increased from 0.290 to 0.421). TNF alpha can cause liver cell
apoptosis through the TNF-alpha receptor or Fas/CD95, which
is expressed by liver cells. The TNF-alpha induced expression
of the nuclear oncogene c-myc in intact hepatocytes has been
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studied[28]. The expression of Hsmycl is down-regulation, which
may be the reason of preventing hepatic cell from apoptosis.
The liver plays a central role in nitrogen metabolism. Nitrogen
enters the liver as free ammonia and as amino acids of which
glutamine and alanine are the most important precursors.
Detoxification of ammonia to urea involves deamination and
transamination. Half of the extra NH3 removed by the liver
was, ap par ently , u tilized by perip ortal glutamate
dehydrogenase and aspartate aminotransferase for sequential
glutamate and aspartate synthesis and converted to urea as the
2-amino moiety of aspartate[29]. Ornithine aminotransferase is
the most important enzyme to metabolize free ammonia and
amino acids. The gene exists as a single copy in the malarial
genome and is located on chromosomes 6/7/8[30]. Ornithinedelta-aminotransferase (OAT) (EC 2.6.1.13) is a pyridoxal-5’
phosphate dependent mitochondrial matrix enzyme. It controls
the L-ornithine (Orn) level in tissues by catalysing the transfer
of the delta-amino group of Orn to 2-oxoglutarate. The products
of this reaction are L-glutamate-gamma-semialdehyde and Lglutamate[31]. Boon L proves that high protein diet would cause
ornithine aminotransferase increased[32]. NOX significantly
reduced serum levels of ornithine carbamoyltransferase and
aspartate aminotransferase as hepatic injury[33]. The present
study showed ornithine aminotransferase mRNA (Humoat)
showed down-regulation, but its expression showed a little
improvement (Cy5/Cy3 increased from 0.290 to 0.454) and
(Cy5/Cy3 increased from 0.290 to 0.421) with GdCl3 and ASP.
So we think ornithine aminotransferase is important aspect in
hepatic injury. Protective effect of GdCl3 and ASP on the
hepatic immunological injury depends on regulating the
expression of ornithine aminotransferase. While the heparinbinding growth factor receptor (HBGF-R-alpha-a2) mRNA
(humhbgfb) expression showed down-regulation and
neuroleukin mRNA(Humnlk) expression showed upregulation in the mice. Neuroleukin (NLK) is a multifunctional
protein, involved in neuronal growth, glucose metabolism, cell
motility, and differentiation. Neuroleukin (NLK), autocrine
motility factor (AMF) and phosphohexose isomerase (PHI)
have been identified same structure, so they have many kinds
on functions and expressed in many tissues and organs, such as,
brain, bone, liver, etc. NLK could mediate leukemia cell[34].
Romagnoli et al show that the block of NLK commits PC12
cells to caspase-dependent apoptosis, and suggest a general
protective role of NLK in the control of cell death in neuronal
cells[35]. NLK may be modulating inflammation and is probably
involved in protecting CN and the cerebellums against
apoptosis [36] .When ASP pretreat mice with hepatic
immunological injury, the expression of Humnlk up-regulation
may show ASP prevent cell apoptosis. It remains to be
demonstrated whether the altered genes are target of protective
effect of GdCl3 or ASP on the immunological liver injury, and
further analysis the function of these genes is needed.
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Abstract
AIM: Allo-cell transplant rejection and autoimmune
responses were associated with the presence of class II
major histocompatibility complex (MHC II) molecules on cells.
This paper studied the effect of Ribonuclease P (RNase P)
against CIITA, which was a major regulator of MHCII
molecules, on repressing the expression of MHCII molecules
on hepatocyte.
METHODS: M1-RNA is the catalytic RNA subunit of RNase
P from Escherichia coli. It were constructed that M1-RNA
with guide sequences (GS) recognizing the 452, 3408 site
of CIITA by PCR from pTK117 plasmid, then were cloned
into the EcoRI/BglII or EcoR//SalIsite of vector psNAV
(psNAV-M1-452-GS, psNAV-M1-3408-GS) respectively. The
target mould plate (3176-3560) of CIITA was obtained from
Raji cell by RT-PCR, and then inserted into the XhoI/EcoRIof
pGEM-7zf(+) plasmid (pGEM-3176). These recombinant
plasmids were screened out by sequence analysis. psNAVM1-452-GS, psNAV-M1-3408-GS and its target RNA pGEM3176 were transcribed and then mixed up and incubated
in vitro. It showed that M1-3408-GS could exclusively cleave
target RNA that formed a base pair with the GS. Stable
transfectants of hepatocyte cell line with psNAV-M1-3408GS were tested for expression of class II MHC through
FCM, for mRNA abundance of MHCII, Ii and CIITA by RTPCR, for the level of IL-2 mRNA on T cell by mixed lymphocyte
reaction.
RESULTS: When induced with recombinant human
interferon-gamma (IFN-γ), the expression of HLA-DR, -DP,
-DQ on psNAV-M1-3408-GS + hepatocyte was reduced
83.27 %, 88.93 %, 58.82 % respectively, the mRNA contents
of CIITA, HLA-DR, -DP, -DQ and Ii decreased significantly.
While T cell expressed less IL-2 mRNA in the case of psNAVM1-3408-GS+ hepatocyte.
CONCLUSION: The Ribonuclease P against CIITA-M1-

3408-GS could effectively induce antigen-specific tolerance
through cleaving CIITA. These results provided insight
into the future application of M1-3408-GS as a new nucleic
acid drug against allo-transplantation rejection and
autoimmune diseases.
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INTRODUCTION
The donor shortage has become the major restriction on liver
transplantation with the increasing demands for it[1]. Now
people are trying to produce artificial liver with hepatocytes
and various biological materials[2,3], but are faced with the
challenge of rejection in allo-hepatocyte transplantation[4]. Allotransplant rejection, was associated with the presence of classII
major histocompatibility complex (MHCII) on the tissues and
organs[5,6]. MHCII played a critical role in the induction of
immune responses by presenting fragments of alloantigenic
peptides to CD4+ T lymphocytes, then resulting in the activation
of CD8 + T lymphocytes. So it was more important for
compatibility of MHCII in allo-transplantation. Moreover, the
abnormal expression of MHCII molecules was associated with
autoimmune disease too [7-9]. There are codominance and
multiple allele for MHCII molecules which lead to their
complicated polymorphism, so it is difficult to repress every
MHCII molecules expression directly. MHC class II
transactivator (CIITA) was the major rate-limiting factor for
both constitutive and inducible MHCII expression., and with
rare exceptions, its expression parallels to that of MHCII
transcripts[10-12]. There was no rejection in allo-skin graft[5] or
prolonged survival time in allo-cardiac graft[13] of CIITA(-/-)
according to the latest investigation.
Ribozymes included hammerhead-, hairpin-, Ribonuclease
P(RNase P), et al. M1-RNA was the catalytic RNA subunit of
RNase P from Escherichia coli. RNase P was a ribonucleoprotein
complex that catalyzed the hydrolysis reaction by removing a
5’ leader sequence from tRNA precursors[14]. Hammerhead
ribozymes required presence of specific nucleotide sequences
in the target RNA to be cut[15,16], and these requirements could
not always be fulfilled. M1-RNA could be used as a tool to
cleave any specific mRNA sequence simply by the 3’terminal
addition to the ribozyme sequence of a so-called guide
sequence (GS) complementary to the target mRNA, that formed
a base-pair with it and left a 5’-ACCAC-3’unpaired stretch
needed for the M1-GS RNA to recognize and cleave this
artificially created substrate (Figure 1B). Thus, M1-GS RNA,
apart from some requirements to improve its cleavage
efficiency, could be specifically directed to cut any mRNA
sequences. This study represents, to our knowledge, the first
gene therapy approach that makes use of the catalytic activity
of M1-RNA for allo-cell transplant rejection in hepatic tissue
engineering and the autoimmune diseases.
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MATERIALS AND METHODS
Plasmids
PTK117, a pUC19 derivative in which the DNA sequence
coding for E.coli M1RNA is under the control of the T7 RNA
polymerase promoter, was provided by Dr Chen BB[14]. pGEM7zf(+) vector was purchased from Shanghai BioEngineering
Company, adeno-associated virus vector (psNAV) was provided
by Dr Lu HZ.
Enzymes and chemicals
T4 DNA ligase and restriction endonucleases EcoRI, SalI,
BglII, XhoI were purchased from MBI; mouse anti-human
isotype control (IgG2a)-FITC, HLA-DR (IgG2a, k), -DQ
(IgG2a, k) monoclonal antibody and recombinant human IFNγ were obtained from PharMingen, mouse anti-HLA-DP
(IgG2b, BRA-FB6) from CYMBUS, GENETICIN (G418)
from GIBCO. TRIZOLR from GIBCOBRL, TITANIUMR onestep RT-PCR kit from Clontech.
Cell culture
Cell line used included L-02 cell line (from human fetal liver)
and Raji cell line (human B lymphoma), all purchased from
Cell Bank of Shanghai Academy of Science. Cells were
m ai n t a in e d in RP MI 1 6 4 0 ( GI B CO BR L ) m ed iu m
supplemented with 15 % fetal calf serum (HyClone).
In vitro cleavage of anti-CIITA RNaseP
RNaseP construction The M1-RNA with the anti-CIITAdirected GS (M1-452-GS or M1-3408-GS) were constructed
by the polymerase chain reaction (PCR) with the gene for M1RNA as found in plasmid pTK117 as a template. The 5’ primer,
OliT7: 5’-gcggaattcTAATACGACTCACTATAG-3’,
annealing with the T7 promoter and providing a 5’EcoRI site
for cloning. The 3’ primers contained the appropriate GS and
were Olip3408: 5’-acgcgtcgacGTGGTGCAGCTCGCTG
AT TAC GC CAA GC- 3 ’ an d O lip 4 5 2 : 5 ’ - g aa g at ct
GTGGTTCTTCCAGGACTGCCAAGCTTGC-3’. The 3’
proximal sequences of 15 nucleotides in Olip3408 and 11
nucleotides in Olip452 served as primers for the PCR with the
pTK117 sequence. The lowercase sequences, the underlined
sequences, and the black ones corresponded, respectively, to
the SalIin Olip3408 or BglII in Olip452, the ACCAC-3’
sequence, and the GS. The two different PCR products were
obtained according to the instructions of 2×HiFi Master PCR
kit (Shanghai Bioengineering Company), and cloned into
psNAV (psNAV-M1-3408-GS, psNAV-M1-452-GS), then
completely sequenced to exclude any mutation during the PCR
reaction.
Construction of artificial substrate The CIITA (31763560) mould mRNA was obtained from Raji cell line by
RT-PCR, according to instructions of TRIZOL R and
TITANIUM R one-step RT-PCR kit. The 5’ primer: 5’ccgctcgagAGCTGAAGTCCTTGGAA-3’, The 3’ primers:
5’-gcggaattcGAACATGCCTGTCCAGAGC-3’. The RT-PCR
product, containing 384 nucleotides spanning at the point of
3408, was cloned into the XhoI/EcoRIsite of pGEM-7zf(+)
(pGM-3176).
Assays for cleavage by M1-GS RNA[16] Plasmid pGM-3176
was linearized with EcoRI, psNAV-M1-3408-GS and psNAVM1-452-GS were linearized with BglII, then purified by
EndoFreeR Plasmid Maxi kit(QIAGEN), and transcribed in
vitro from the pGEM-7zf or M1-RNA T7 promoter in the
presence of [ 32P]-GTP, with Ribomax large scale RNA
production system-T7 (Promega), then transcribed ribozyme
and substrate RNA were phenol chloroform extracted and
precipitated with ethanol, and their integrity was checked by
either acrylamide/urea or agarose electrophoresis. RNaseP
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RNA and uniformly labeled substrates were incubated for 4 h
at 50
in 25 mM Tris HCl(pH7.5), 50 mM MgCl2, 50 mM
NH4Cl buffer in a final reaction volume of 20 µl. Reactions
were stopped by the addition of 6 µl of a solution containing
95 % formamide, 20 mM EDTA, 0.05 % bromophenol blue, and
0.05 % xylene cyanol FF boiled for 5 min and chilled on ice. The
reaction products were analyzed on 10 % polyacrylamide/8 mol/
L urea gels (Figure 1C).
A
M1-3408-GS specific mRNA (pGEM-3176)
5’ GCAGCUCGCUGCCAGCCUUCGGAGGUGUCCUCAUGUGGA3’
M1-452-GS specific mRNA
5’UCUUCCAGGACUCCCAGCUGGAGGGCCUGAGCAAGGACA3’

B
In vitro transcribed mould plate RNA of unrelated CIITA
Cleavage point (452)

3’

C

A

C

C

A

5’UCUUCCAGGACUCCCAGCUGGAGGGCCUGA 3’
AGAAGGUCCUGA

M1-RNA

In vitro transcribed mould plate RNA of pGEM-3176 in CIITA
Cleavage point (3408)

3’

C

C

A

C

C

A

5’GCAGCUCGCUGCCAGCCUUCGGAGGUGUCCU 3’
CGUCGAGCGAC

M1-RNA

1

2

3

4

5

427 nt
269 nt
158 nt

Figure 1 Cleavage of CIITA substrate by M1-GS RNA in vitro
(A): The mould plate RNA of CIITA pGM-3176 (3176-3560)
include the cutting point of only M1-3408-GS, not M1-452-GS.
(B): Schematic representation of targeting the CIITA mRNA
by M1-RNA: GS encoding 12 or 11 nucleotides complementary to CIITA was covalently linked to the 3’ end of M1-452GS or M1-3408-GS. So M1-452-GS and M1-3408-GS specifily
cut CIITA on the site of 452 and 3408 respectivly. (C): Sequencespecific cleavage of pGM-3176 substrate by M1-3408-GS: autoradiograph of transcripts of M1-452-GSC (lane 1), M1-3408-GS
(lane 2) and pGM-3176 (lane 3), and pGM-3176 substrate was
incubated either with M1-3408-GS (lane 4), or with M1-452-GS
(lane 5). So only M1-3408-GS (not M1-452-GS) could cleave
pGM-3176.

Cell transfection through nanometer vector
Hepatocytes were transfected with 0.4 µg psNAV-M1-3408GS by nanometer vector. According to Effectene (QIAGEN)
kit’s instructions, seeded 2.5×105 cells/well the day before
transfection. The cell number seeded should produce 40-80 %
confluence on the day of transfection. psNAV-M1-3408-GS
were diluted in 100 µl EC buffer, mixed with Enhancer 3.2 µl,
incubating 2-4 min at RT, then adding Effectene 10 µl, at RT
7-8 min, mixed with 600 µl medium containing serum and
antibiotics, and immediately transferred the total volume to
the above cells in the 6-well plate.
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The expression of MHCII antigens on hepatocyte by FCM
Hepatocytes were collected and washed with 1.5 g/L MPBS
buffer (10 g/L BSA and 1 g/L NaN3) once at the density of
1×106/ml, adding IgG2a, HLA-DR, DP, DQ 10 µl respectively,
incubating at 4
for 30 min, detecting the expression of
MHCII molecules by Flow cytometry (COULTER, EPICSXL).
RNA analysis
RT-PCR was done according to the instructions of TRIZOLR
and TITANIUMR one-step RT-PCR kit. In a total 50 µl volume,
50 1 h, 94 5 min, 94 30 s, 65 30 s, 68 1 min, 30
cycles, 72 extending 7 min. Primers sequences (synthesized
by Shanghai Bioengineering Company) referred to Table 1.
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The expression of MHCII, Ii and CIITA mRNA through RT-PCR
detection
The induction of MHCII, Ii and CIITA mRNA on psNAVM1-3408-GS +hepatocyte was detected through RT-PCR
(Figure 2). Compared with void vector, the amount of MHCII
and Ii mRNA of psNAV-M1-3408-GS + hepatocyte was
significantly down-modulated, the CIITA mRNA was downmodulated 71 %.
1

2

3

4

5

6

7

1

2

3

p-H
4

5

6

7

Table 1 The primers of CIITA, MHCII and RNaseP
Primer
CIITA mould

Sequence
L 5’-CCGCTCGAGAGCTGAAGTCCTTGGAA-3’

Length
384bp

R 5’-GCGGAATTCGAACATGCCTGTCCAGAGC-3’
CIITA

L 5’-CCG CTC GAG GCT GCC TGG CTG GGA TT -3’

410bp

R 5’-GCG GAA TTC CGA TCA CTT CAT CTG GTC CTAT-3’
M1-452-GS

L 5’-GCGGAATTCTAATACGACTCACTATAG-3’

446bp

R5’-GAAGATCTGTGGTTCTTCCAGGACTGCCAAGCTTGC-3’
M1-3408-GS

L 5’-GCGGAATTCTAATACGACTCACTATAG-3’

454bp

R 5’-ACGCGTCGACGTGGTGCAGCTCGCTGATTACGCCAAGC-3’
HLA-DR

5’-AAT GGC CAT AAG TGG AGT CC-3’

335bp

5’-GGA GGT ACA TTG GTG ATC GG-3’
HLA-DP

5’-CAG AGC TGT GAT CTT GAG AG-3’
5’-AGA TGC CAG ACG GTC TCC TT-3’

HLA-DQ

5’-CTC TGA CCA CCG TGA TGA GC-3’

Ii

5’-CCA GAT GCA CAG GAG GAG AA-3’

153bp

5’-CTC TCC AGG TCC ACG TAG AA-3’
714bp

5’-CCT CTG CTG CTC TCA CAT GG-3’
Neo gene

L 5’-ACA ATC GGC TGC TCT GAT -3’

p3 480-H

197bp

349bp

Figure 2 Comparison of CIITA, MHCII mRNA abundance of
psNAV-M1-3408-GS+ hepatocyte with void vector+ following
IFN-γ induction The total RNA of psNAV-M1-3408-GS+ (p3408H) or void vector+ (p-H) hepatocyte after IFN-γ (30 ng/ml, 3 d)
induction was both extracted, then RT-PCR. 1: HLA-DR
(335bp); 2: HLA-DP (197bp); 3: HLA-DQ (153bp); 4: Ii (714bp);
5: β-actin (310bp); 6: CIITA (410bp); 7: 100bp DNA Ladder.

R 5’-CTC GCT CGA TGC GAT GTT -3’
β-actin

L 5’-ATC ATG TTT GAG ACC TTC AA -3’

310bp

R 5’-CAT CTC TTG CTC GAA GTC CA -3’

Mixed lymphocyte reaction (MLR)
It were incubated at 37 , 5 % CO2 (keeping away light)
after adding mitocin-C (25 µg/ml, Sigma) into IFN-γ induced
psNAV-M1-3408-GS+ hepatocyte (1×10 7/ml), and washed
with RPMI1640 twice, plated at a density of 1×106/well as
stimulating cells. Then added peripheral blood mono-nucleated
cells (PBMNC, 1×10 6) from healthy donors into above
stimulating cells. The level of IL-2 mRNA from PBMNC after
48 h incubation was Detected through RT-PCR[17].

Hepatocyte inducing mixed lymphocyte reaction
The excretion of IL-2 from PBMNC stimulated by psNAVM1-3408-GS+ hepatocyte after the induction of IFN-γ for 3 d
referred to Figure 3. Void-vector+ hepatocyte could induce
PBMNC high amount of IL-2 mRNA, but negative control
and psNAV-M1-3408-GS+ hepatocyte could hardly induce the
excretion of IL-2 mRNA from PBMNC.
M

1

2

3

IL-2 (492 bp)

RESULTS
The expression of MHCII molecules on hepatocyte
Hepatocyte without IFN-g induction The expression of
HLA-DR, DP, DQ on hepatocyte was low, (0.14±0.04) %,
(26.76±5.26) %, (2.12±0.56) % respectively.
Hepatocyte after IFN-g induction The expression of HLADR, DP, DQ on hepatocyte with IFN-γ (40 ng/ml) induction
for 3 d increased significantly, (18.68±2.94) %, (41.78±4.90)
%, (4.78±1.26) % respectively.

Figure 3 The secretion of IL-2 mRNA from PBMNC through
RT-PCR. M: 100bp DNA ladder; 1: Negative control; 2: The IL2 from PBMNC stimulated by psNAV-M1-3408-GS+ hepatocyte after IFN-γ induction; 3: The IL-2 from PBMNC stimulated by void vector control after IFN-γ induction.

Rnase P down-modulating MHCII expression on hepatocyte
The expression of MHCIIon psNAV-M1-3408-GS+ hepatocyte
after the induction of IFN-γ (40 ng/ml) for 3 d was repressed.
Compared with void-vector+ hepatocyte, the expression of
HLA-DR, DP, and DQ on psNAV-M1-3408-GS+ hepatocyte
was inhibited 83.27 %, 88.93 %, and 58.82 % respectively.

DISCUSSION
In allo-cell transplantation or autoimmune diseases, some
cytokines such as IFN-γ, induced some low/non MHCII antigen
expressing cells to express these molecules highly[18,19]. We
selected IFN-γ to induce hepatocyte for 3 days, the expression

β-actin (310 bp)
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of HLA-DR, DP, DQ antigens increased exactly, while the
expression of HLA-DP was most apparent.
CIITA regulated the transcription of MHCII gene by
interacting with the trans-acting factors such as RFX, X2BP
and NFY. The expression of CIITA paralleled to that of
MHCIImolecules and appeared only in the MHCII-positive
cells[10,11]. In the hepatocyte detected by us, the expression of
CIITA was consistent with that of MHCII molecules: without
IFN-γ induction, all hepatocytes didn’t express MHCII
molecules and CIITA gene; following IFN-γ induction, these
cells expressed MHCII molecules and CIITA gene
simultaneously; in the case of anti-CIITA psNAV-M1-3408GS positive hepatocytes, the induced MHCII expression on
their surface was nearly completely lost, and their CIITA
mRNA detected by RT-PCR was also defect, perhaps the latter
was the direct reason that MHCII expression didn’t react to
IFN-γ induction. This view was coincidence with that of Luder
et al[18,20]: TOXO plasma gondi parasite lowered the MHCII
expression by inhibiting its induced CIITA expression.
Moreover, HMG-CoA reductase inhibitors, cyclosporine and
phosphatidylethanolamine-linked hyaluronic acid (HYPE)
could completely repress MHCII expression of human
microvascular endothelial cells by reducing its induced CIITA
mRNA contents ex vitro[19,21-23].
Gene blocking techniques were mainly made up of antisense oligonucleatide, anti-sense RNA, ribozyme and RNA
interference (RNAi), and so on. Anti-sense oligonucleatide
referred to a small fragment of single-strand deoxyribonucleic
acid (14-23 bases) synthesized artificially, which could
hybridize with target DNA or mRNA. However, there were
still some problems of stability and efficiency of entering cell
in vivo about it. Anti-sense RNA, ribozyme and RNAi all took
action on target mRNA, namely anti-sense complementation,
cutting and interference respectively. The novel RNAi
technique was the double-strand RNA connected by anti-sense
RNA and sense RNA in essence, and was more efficient than
single anti-sense RNA[24,25]. The mechanism of which was still
not clear and might be related to activating ribonucleasep to
degrade target mRNA. But when it is larger than 30bp, the
action of it was not specific [24]. Compared with abovementioned gene blocking techniques, ribozyme not only sealed
mRNA, but also cut mRNA with specificity. Moreover,
ribozyme could be used repeatedly, so it had higher efficiency.
Both hammerhead ribozyme and hairpin ribozyme require
GUC sequence to identify in target sequence. However, RnaseP
was not limited to this and could aim at any site in the target
sequence, so it had wider selective range[14]. There was no report
on RnaseP yet at home. According to human RNA sequences
published in the NCBI Gene Bank, our experiment selected
452, 3408 site in the CIITA gene as target sites of M1-RNA
after eliminating the possibility of their homology. PST and
LRR regions initiated by 452, 3408 site were very essential to
the transcription activation of CIITA. Moreover, the secondary
structure around them was relatively simple and accessible.
The GS of M1-3408-GS and M1-452-GS were programmed as
11 and 12 nucleotides respectively, to fit for the combination
with their own substrate, the disconnection of cutting products
with the ribozyme, and the specificity of the ribozyme. The 5’terminal of M1-RNA had a TAATA box (T7 promoter), and
M1-RNA was cloned into the psNAV vector (without T7
promoter), then the transcription was gone on owing to T7
promoter in the ribozyme itself. This could avoid supplementary
sequence of the psNAV vector and objectively reflect the cutting
activity of the Rnase P. The result of our experiment revealed
the expected cutting stripes in the electrophoresis of cutting
products of M1-3408-GS and CIITA mould plate ex vitro.
The reason why our experiment used nanometer-vector to
mediate the transfection of M1-RNA into hepatocyte was that
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nanometer had the advantages of both virus vector and nonvirus vector [26,27]. For instance, adenovirus vector [28,29] or
retroviral vectors[30] could cause too strong immunological
reaction of body to fit for the study of inhibiting the
immunological rejection in our experiment; Especially,
nanometer-vector could mediate exogenous gene to integrate
into the chromosome DNA of host cell so that the long-term
and stable expression of transgene could be obtained. In our
experiment using the novel nanometer vector Effectene to
transfect human hepatocyte, the rate was about 11 %, and it
could rise to 60-80 % after the screening with G418 for 1 wk.
Nanometer vector, however, has just begun to be used in the
field of gene therapy. So far, internationally, there has no report
on it used in the gene therapy of clinical or pre-clinical study.
Moreover, hepatocytes induced by IFN-γ could stimulate
the secretion of IL-2 mRNA from exogenous T cell, while
psNAV-M1-3408-GS+ hepatocyte after IFN-γ induction lost
this ability. Therefore, M1-3408-GS inhibited CIITA mRNA
and thus the family of MHCII molecules regulated by CIITA,
then down-regulated the ability of stimulating mixed
lymphocyte reaction. In conclusion, our research will have
important theoretical and practical meaning on the study of
transplantation immune in the whole hepatocyte tissue
engineering and the therapy of autoimmune diseases.
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Abstract
AIM: To explore the effect of the classical lay open technique
or fistulotomy with the radio frequency surgical device in
the treatment of fistula in anus.
METHODS: In our study, the conventional ‘lay open’
technique, or ‘fistulotomy’ was performed by employing the
radio frequency surgical device as an alternative to the
traditional knife and scissors. In a span of 18 months starting
from July 1999 to December 2000, 210 cases with fistula in
anus of varied types were operated in our nursing home
exclusively applying the radio frequency device.
RESULTS: The results of the study were not only
encouraging but also were satisfactory. A follow up of the
operated patients with radio frequency surgery over a period
of 15 months, i.e. from December 2000 to March 2002 was
summarized as below: (a) average time taken by the patient
to resume routine - 7 days; (b) none of the patient had any
interference with the continence; (c) the wounds were found
healed within an average time of 47 days; (d) delayed wound
healing was noticed only in 7 patients; (e) recurrence/ failure
rate was reduced to as low as 1.5 percent.
CONCLUSION: This technique has been found superior to
the conventional fistulotomy in the sense that the time taken
for the whole procedure is reduced to almost half, chances
of bleeding are reduced to a minimum and the use of suture
material is dispensed with. The procedure can safely be
called a “Sutureless fistulotomy”.
Gupta PJ. Radio frequency “sutureless” fistulotomy- a new way
of treating fistula in anus. World J Gastroenterol 2003; 9(5):
1082-1085
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INTRODUCTION
Fistula in anus is defined as an abnormal communication lined
by granulation tissue between the anal canal and the exterior i.
e. the skin, which causes a chronic inflammatory response.
Etiology
The most common cause is secondary to an anorectal abscess.
These abscesses either have been treated inadequately, or have
bursts spontaneously. Abscess is commonly formed secondary
to infection of an anal gland (cryptoglandular hypothesis of
Eisenhammer)[1]. Other causes are as follows: (a) Secondary
to inflammatory bowel disease- Crohn’s or Ulcerative

proctocolitis; (b) Secondary to introduction of a foreign body
e.g. probing of an abscess or a low fistula; (c) Associated with
anal fissure, i.e. post fissure fistula; (d) Rectum cancer
especially the colloid carcinoma.
Causes of multiple fistulae include T.B, Crohn’s disease,
ulcerative proctocolitis, lymphogranuloma inguinale,
bilharziasis, hidradenitis suppurutiva, etc.

Clinical features
History Patients had the history of seropurulent discharge,
persistent pruritus and discomfort in the surrounding skin[2].
Patients feel pain if the fistula tract is blocked for accumulation
of secretions under pressure.
Inspection The external opening can usually be seen as an
elevation of granulation tissue often active with purulent
discharge. The number and location of external openings and
the relationships to the anal canal provide a clue as to the
internal origin. According to Goodsall’s rule, if the opening is
anterior to a transverse anal line (coronal plane), the internal
opening will be in a direct radial line to the nearest crypt. If
the opening is posterior to the coronal line, the internal opening
will usually be in a posterior midline crypt, and the tract will
be curved[3]. Exceptions to Goodsall’s rule include anterior
openings that are more than 3 cm far from the anal margin and
multiple openings. In these situations, the internal opening is
more likely to be located in one of the posterior crypts. Other
clinical conditions can simulate the appearance of a fistula,
including hidradenitis suppurativa, pilonidal sinus, and
Bartholin’s gland abscess or sinus[4].
Palpation Palpation may reveal an indurated cord beneath
the skin in the direction of the internal opening[5]. Digital anal
palpation may reveal a suspicious scarred or retracted crypt.
Further internal palpation may reveal posterior or lateral
induration, indicating fistulas deep in the postanal space or
horseshoe fistulas. Digital rectal examination also provides
assessment of sphincter tone and voluntary squeeze pressure,
which may indicate the need for preoperative manometry.
Anoscopy It may aid in identifying the internal opening in
the anal canal. Massaging the tract may produce a bead of pus
at the dentate line. Proctosigmoidoscopy may exclude a
proximal internal opening, inflammatory bowel disease, or
neoplasia. Colonoscopy is appropriate if the diagnosis of
Crohn’s disease is suspected based on a history of recurrent or
multiple fistulas or if examination is suggestive of
inflammatory bowel disease. A small-bowel series also may
be appropriate for patients with recurrent or multiple fistulas.
Fistulography This may have a role in evaluation of recurrent
fistula, particularly when the prior surgical procedure has failed
to identify the internal opening. The external opening is
cannulated with a small caliber feeding tube, and contrast
material is gently injected into the tract. X-ray images are then
taken in the anteroposterior, oblique, and lateral positions.
Complications are rare, and limiting the volume and pressure
of contrast injection can minimize patient discomfort. Accuracy
rates have been reported to range from 16 to 48 percent, with
a false-positivity rate of 10 %[6].
Classification There are four main types described: (1)
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Transphincteric low; (2) Transphincteric high; (3) Supralevator; and (4) Intersphincteric. However, numerous variations
of each can occur[7].
Treatment The classical lay open technique is still the most
favoured procedure[8]. Slitting the complete tract from the
external to internal opening is the basis of the traditional
fistulotomy. Tissues around the external openings and internal
opening are excised along with a small margin of tissue lining
the tract and the wound is kept open for healing by secondary
intention.
The traditional approach is as follows[9]. Preoperative
cleansing enema is given. The patient is kept in lithotomic
position. Anesthesia: general or regional block is OK. The
procedures were as follows: Digital palpation- the tract is felt
as nodule or cord. Proctoscopy- a hypertrophied anal papilla
may be the point of internal opening. Probing- It is done with
delicate hand either retrograde (preferred) or anterograde.
Methylene blue dye or milk with hydrogen peroxide is injected
from the external opening to locate the direction and path of
the tract[10].
A director probe is inserted inside the fistula. Track is cut
along probe. Edges of wounds were trimmed and 1-3 mm of
tissue margins was removed. The excised tract is sent for
histopathological. examination.
This conventional procedure encounters a lot of bleeding
from the cut surfaces needing multiple ligatures to tie the
bleeding vessels. At times, certain raw areas, which cannot be
tied individually, may need under-running also. Due to all these
hindrances, the whole procedure becomes somewhat messy
and time consuming.

MATERIALS AND METHODS
In our study, the radio frequency surgical device was used
instead of the surgical knife and scissors. The device is called
as the Ellman Dual Frequency 4MHz unit from Ellman
International, Hewlett, N.Y.
In a span of 18 months starting from July 1999 to December
2000, 210 cases with fistula in anus of varied types have been
operated in our nursing home exclusively employing the
aforesaid radio frequency surgery device. There were 187
males and 23 females. The mean age was 37 years old (age
range: from 22 to 63 years old). The mean duration of the
disease was 19 months (ranging from 4months to 11years).
Seventeen patients had an operation for fistula once before
and they had a recurrence.
Radio frequency surgery is a technique for cutting and
coagulating the tissues using a high frequency alternate current.
It is a method of coagulating the tissues, which occurs because
of heat produced by the tissue resistance to the passage of high
frequency wave. The heat makes the intracellular water boil,
increasing the cell inner pressure to the point of breaking it
from inside to outside explosion[11]. This phenomenon is called
as cellular volatilization. The principle of radio frequency wave
surgery is using high frequency radio waves at 4.0 MHz, which
delivers low temperature through RF micro-fiber electrodes
and is similar to the frequency of marine band radio
frequencies. The tissue serves as the resistance instead of the
electrode; hence, there is no heating of the RF micro-fiber
electrode. Instead, the intracellular tissue water provides the
resistance and vaporizes without causing the heat and damage
seen in electro surgery. This tissue vaporization also results in
significant hemostasis without actually burning the tissue. In
addition, there is no danger of shocking or burning the patient.
Most important is the fact that there is controlled and minimal
lateral tissue damage with the 4.0 MHz high frequency, low
temperature radio frequency wave surgery[12].
The unit is provided with a handle to which different
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electrodes can be attached as per the requirement of the
procedure. A ball electrode meant for coagulation, a needle
electrode to incise the fistula tract and round loop electrode to
shave the surrounding infected tissue has been used in our
procedure.
All the patients under study were given to understand the
use of the new technique to be employed in the procedure and
were clearly explained the potential drawbacks like relapses
and need for repetition that may follow. The patients were
allowed an option to choose between the conventional method
and the radio frequency technique. An informed consent was
obtained from them before subjecting them to this new
technique.

Exclusion criteria of the study
Only low fistulas having opening below the anus rectal ring
were included for study. High trans sphincteric fistulas with
or without high blind tract, suprasphincteric, extrasphincteric,
and horseshoe fistulas as well as fistulas associated with
inflammatory bowel disease were excluded from the study.
Radio frequency surgical fistulotomy procedures
The steps in the fistulotomy[13] were the same as described
above with the following modifications. (1) Injection of
methylene blue dye with hydrogen peroxide. (2) Director probe
inserted in the fistula. (3) To begin with, the skin overlying
the probe, which is in the fistula tract, was coagulated by
moving the ball electrode over its complete length. This
reduced the amount of bleeding when the tract is slit opened.
(4) The track was cut open along the probe with the help of the
needle electrode that was kept in cutting and coagulation mode.
This reduced the bleeding while cutting and the dissection
became smooth without a drag on the tissues. (5) The bleeding
edges were caught in the hemostat and were coagulated with
the ball electrode kept in coagulation mode. This avoided need
of suturing or under running of the bleeding points and raw
areas. (6) The edges along with the surrounding infected,
fibrotic tissues were shaved with the loop electrode on cut and
coagulation mode. As cutting and coagulation worked
simultaneously, the brisk bleeding often encountered in the
conventional knife and scissor dissection was avoided. (7) At
this stage, we used an accessory called the suction coagulator.
This was an accessory supplied with the radio frequency
surgical device. This helped in removing the ooze of blood
from the raw area while the bleeding points are being
coagulated. The use of this additional tool eliminated frequent
mopping of the operative field while coagulating the bleeding
point, as both could be done simultaneously.
Apart from the main procedure of fistulotomy, this radio
frequency surgical device could also be used in coagulating
associated skin tags, and internal pile masses if present.
Postoperative care
This consisted of dressing the wound twice a day after warm
sitz bath. The wound could be covered with sanitary napkin,
which helped in mopping up the discharge and kept the wound
dry. The patient was required to stay in the hospital for a day
or two. Time off work was between 5-7 days after which patient
could resume his routine.
Comparative study
Encouraged by the outcome of the radio frequency fistulotomy,
we carried out a separate study. This study was to compare the
efficacy of radio frequency surgical fistulotomy over the
conventional one. One hundred patients of low anal fistula
treated by the classical ‘lay open’ technique were examined.
Fifty patients were operated by conventional method, while
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Figure 1 Follow up findings after radio frequency fistulotomy.

Complications
No major complications were encountered. Few minor ones
were discussed as follows. Deep dissection may cause more
scarring and longer time for healing. Excessive power of the
unit can cause more smoke and charring. Either accidental
burns on the part of the patient or operator due to unintended
activation of hand piece has been noted. Development of edema
in the surrounding tissue would occur, if power was too high.
Excessive discharge from the open wound was found in few
patients. This usually happened when the tissues at the base
were coagulated in excess.

Table 1 Comparative data of events after conventional and
RF fistulotomy

RF fistulotomy

22 minutes
47 ml
8%
5 days
37 hrs
2%
7 days
47 days
4 % for flatus

Recurrence in
number of patients

Time off work in days

Impairment of
continence for faeces

Average time of procedure
37 minutes
Average bleeding during procedure
134 ml
Need of Suture material
100 %
Post operative pain
9 days
Hospital Stay [Mean]
56 hrs
Recurrence/Failure of Treatment
6%
Time off work
11 days
Mean healing time
64 days
Impairment of continence
12 % for flatus

Radio frequency
surgical fistulotomy
(n=50)

Average healing
time in days

Conventional
fistulotomy
(n=50)

Events observed

Impairment of
continence for flatus

Follow up findings
A follow up of the operated patients of fistulotomy with radio
frequency surgery over a period of 15 months, i.e. from
December 2000 to March 2002 was as follows. None of patients
lost during the follow up of 9 days. Average time taken for
complete wound healing was 47 days. Average time taken by
the patient to resume routine was 7 days. Delayed wound
healing happened in 7 patients (took about 80-90 days for
complete healing). It was observed that the fistula wounds
which were close to the midline, i.e., near 12 or 6’O clock
positions when the patient was in lithotomic position took
longer time to heal than wounds at other places. The reason
possibly could be an excess of stress on the wounds in that
situation due to proximity with joints.
Four patients had a premature closure of the proximal
wound while the distal remained unhealed. In case of these
patients, the healed edges of the proximal wound were slit
opened with needle electrode under local anaesthesia. One of
them thereafter had an uneventful healing, while the wound
remained unhealed in the remaining three.
The remaining three patients continued to have discharge
from a small wound left behind, which despite repeated
attempts of refreshing the edges remained unresolved. So, they
were labeled as cases of ‘failure of wound healing’, rather than
of recurrence. Out of these three patients, one patient was from
the series of those seventeen patients who came with a
recurrence after conventional procedure in the past.
None of these patients had any interference with the
continence, anal stenosis, or mucosal prolapse[15].
The data of follow up findings was shown in Figure 1.

Results of Comparative study
The comparative data of events obsevered after conventional
and radio frequency surgical fistulotomy were shown in Table
1 and Figure 2.

Mean hospital
stay in hrs

RESULTS
Failure occur mainly due to premature union of the skin edges,
failure to excise the internal opening, failure to locate an extra
tract, failure to detect a cavity leading upwards from the main
tract, presence of foreign bodies and poor post fistulotomy
wound care[14]. In our study, the failure rate was as low as 1.5 %.
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Figure 2 Comparative findings of the results of radio frequency
and conventional fistulotomy.

DISCUSSION
Radio frequency surgery, not to be confused with electro
surgery, diathermy, spark-gap circuitry, or electrocautry, uses
a very high frequency radio frequency wave. Unlike
electrocautry or diathermy, the electrode remains cold[16]. This
is possible because of use of very high frequency current of 4
MHz, as compared to 0.5 to 1.5 MHz used in the electrocautry.
As contrast to true cautery, which causes damage similar to 3rd
degree burns, the tissue damage that does occur is very
superficial and is comparable to that which occurs with Lasers.
Histologically, it has been shown that tissue damage with radio
frequency surgery is actually less than with a conventional
scalpel and equals cold scalpel[17]. Radio frequency surgery
creates minimal collateral heat damage in the tissue resulting
in rapid healing and leaves no ugly scar. Biopsies performed
of the skin tissue indicate a maximum thickness of heatdenatured collagen to be 75 micrometer. This is equal to or
even better than carbon dioxide laser used for cutting[18].
Rapidity of treatment, a nearly bloodless field, minimal
postoperative pain, and rapid healing are but few advantages
of radio frequency surgery. Once proper technique is
established, a scar by this method of treatment is often less
pronounced than those produced by other surgical techniques.
Excising too deeply increases the likelihood of scars[19].
Precautions to be taken
Removing a lesion on someone who is on aspirin or anticoagulant
therapy may be accompanied by increased bleeding.
The unit should not be used in presence of flammable or
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explosive liquids or gases. The surgeon must also remember
to deactivate the hand piece whenever the electrodes are
changed[20].
As with all radio frequency surgery machines, smoke is
produced, this needs to be attended to avoid the unpleasant
smell of burning. This could be achieved by employing a
vacuum extractor with the help of the assistant[21].
The various techniques used for treating fistula [22] are
fistulectomy, fistulotomy, fistulotomy with marsupialisation[23]
of fistula, curettage of fistula and placement of flaps of
mucosa or skin, placement of medicated Setons, insertion of
antibiotic beads, and injection of commercial or autologous
fibrin glue[24]. Out of these options available to the surgeon,
majorities of them still rely on the classical lay open technique
(fistulotomy) as the gold standard of treatment in over 90 % of
anal fistula cases[25].
Patients’ satisfaction after the surgical treatment for fistulain-anus is associated with recurrence of the fistula, the
development of anal incontinence, and the effects of anal
incontinence on patient lifestyle[26]. The radio frequency surgical
technique of fistulotomy has been found more acceptable than
the conventional fistulotomy in the sense that the time taken for
the whole procedure is reduced to half, bleeding is reduced to a
minimum and the use of suture material is dispensed with. None
of the patients in our study had any interference with the
continence and the recurrence rate was as low as 1.5 %.
If compared to electrocautery or laser, the active electrode
does not heat up, so there is minimal or no heat generated to the
surgical site. This allows the surgeon to work in direct proximity
of the functional tissues that needs to be preserved[27].

CONCLUSION
This technique has been found superior to the conventional
and can safely be called a “sutureless fistulotomy”.
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all fields of general surgery. Since the first case of LS described
by Delaitre and his colleagues[1] in 1991, more and more LS
have been reported in the world[2-13]. LS has been proven to be
a safe modality and become now the first choice of treatment
for most patients requiring a splenectomy[14-20]. LS will be the
best choice in laparoscopic surgery followed by the
laparoscopic cholecystectomy[21,22]. However, we noticed that
some anatomical and technical factors could significantly
influence the outcome of LS. We herein report our latest results
of 86 cases with LS.

Abstract

MATERIALS AND METHODS
Patients
From August 1997 to August 2002, there were 86 patients
with various splenic disorders shown in Table 1 received LS.
There were thirty-five males and fifty-one females, with the
mean age of 41 years (range 16-71). The platelet count (PLT)
of 47 patients, in this study, with immune thrombocytopenic
purpura (ITP) ranged 12-77×109/L. The major axis of spleen
by B-ultrasound in vitro preoperatively were less than 12 cm
in fifty-four cases, 12-15 cm in twenty-one cases, 15-20 cm in
eight cases and more than 20 cm in three cases. The patient
with the largest spleen (23 cm) in this study was a case who
suffered from portal hypertension, hypersplenism disease.
Accessory spleen was detected in 6 cases with the size of 8
mm to 20 mm. The same surgeon performed all LSs.

AIM: To introduce our latest innovation on technical
manipulation of laparoscopic splenectomy.
METHODS: Under general anesthesia and carbon dioxide
(CO 2 ) pneumoperitoneum, 86 cases of laparoscopic
splenectomy (LS) were performed. The patients were placed
in three different operative positions: 7 cases in the lithotomic
position, 31 cases in the right recumbent position and 48
cases in the right lateral position. An ultrasonic scissors was
used to dissect the pancreaticosplenic ligament, the
splenocolicum ligament, lienorenal ligament and the
lienophrenic ligament, respectively. Lastly, the gastrosplenic
ligament and short gastric vessels were dissected. The splenic
artery and vein were resected at splenic hilum with EndoGIA. The impact of different operative positions, spleen size
and other events during the operation were studied.
RESULTS: The laparoscopic splenectomy was successfully
performed on all 86 patients from August 1997 to August
2002. No operative complications, such as peritoneal cavity
infection, massive bleeding after operation and adjacent
organs injured were observed. There was no death related
to the operation. The study showed that different operative
positions could significantly influence the manipulation of
LS. The right lateral position had more advantages than the
lithotomic position and the right recumbent position in LS.
CONCLUSION: Most cases of LS could be accomplished
successfully when patients are placed in the right lateral
position. The right lateral position has more advantages than
the conventional supine approach by providing a more direct
view of the splenic hilum as well as other important
anatomies. Regardless of operation positions, the major axis
of spleen exceeding 15 cm by B-ultrasound in vitro will surely
increase the difficulties of LS and therefore prolong the
duration of operation. LS is a safe and feasible modality for
splenectomy.
Tan M, Zheng CX, Wu ZM, Chen GT, Chen LH, Zhao ZX.
Laparoscopic splenectomy: the latest technical evaluation. World
J Gastroenterol 2003; 9(5): 1086-1089
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INTRODUCTION
Endoscopic surgery has continued to gain popularity in almost

Table 1 Diagnosis of 86 Patients in this study
Diagnosis

Cases (percentage %)

Hematologic disorders
ITP

47 (54.7 %)

Hereditary spherocytosis (HS)

7 (8.1 %)

Autoimmune hemolytic anemia

4 (4.7 %)

Aplastic anemia (AA)

3 (3.5 %)

Hodgkin’s lymphoma

3 (3.5 %)

Systemic lupus erythematosus (SLE)

2 (2.3 %)

Other disorders
Hypersplenism
Multiple splenic cysts

12 (13.9 %)
3 (3.5 %)

Splenic tuberculosis

3 (3.5 %)

Splenic hemangioma

2 (2.3 %)

Total

86 (100 %)

Preoperative managements
Patients with non-hematologic disorders were similar to those
receiving traditional open splenectomy in preoperative
management. Patients with ITP received an oral administration
of prednisone 30-40 mg twice a day and high doses of
immunoglobulin G (400 mg/ kg per day) 3-5 days for at least
one week prior to the operation to raise the platelet count to a
mean value of 80 (range 14-110)×10 9/L. Intravenous
administration of prophylactic antibiotics and hydrocortisone
200-300 mg were needed immediately before operation.
Prednisone should be given continuously after the operation
and reduced in dose gradually according to clinical situations.
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Operative technique
All patients received the general anesthesia and were placed
in three different operative positions: 7 cases in the lithotomic
position, 31 cases in the right recumbent position and 48 cases
in the right lateral position. In the right recumbent position
and the lateral position, three trocars were usually used to
perform the LS (Figure 1). Once all ports were placed, a 30o
telescope was introduced through the 10 mm trocar into the
peritoneal cavity. Ultrasonic scissors were used to dissect the
pancreaticosplenic ligament, splenocolicum ligament,
lienorenal ligament and lienophrenic ligament, respectively.
Lastly, the gastrosplenic ligament and short gastric vessels were
dissected. The splenic artery and vein were resected at splenic
hilum with Endo-GIA staplers (Autosuture CO; USA), which
enabled safe vascular operation for larger vessels. Finally, the
spleen was extracted in a plastic or nylon bag through a port
wound which enlarged to about 3 cm.

5 mm
(Retraction)
10 mm
(Camera)

12 mm
(Dissection and
through Endo-GIA)

Figure 1 Trocar placement for laparoscopic splenectomy in
the lateral position. Three trocars are required.

RESULTS
No postoperative complications or mortality occurred in any
patients with LS, All patients were hemodynamically stable
during the perioperative period.
Eighty-six cases underwent a successful LS with a mean
operating time of 110 minutes (range 50-270 minutes) except
one case with extensive dense adhesion around the spleen due
to severe perisplenitis, for whom it took nearly six hours to
accomplish the operation. The situations of patients with
operating time over 120 minutes were: the initial five cases of
our patients being conducted LS and eleven cases with spleen
major axis exceeding 15 cm. The case with 23 cm in major
axis of spleen took 270 minutes to finish the LS. Blood loss
was estimated between 50-800 ml during operation in all
patients. Three cases received intraoperative transfusion of 400
ml red blood cell. Fifty-two of eighty-six cases (60.5 %) needed
to place the drainage tube in lienalis recess postoperatively,
which was removed within three days (1 to 3 days). The total
amount of draining fluids was less than 100 ml (range15-100
ml). Recovery of bowel movement occurred within an average
of twenty-two (range 18-50) hours after LS. Patients were
discharged from hospital in three to six days postoperatively.
For patients with ITP, a positive immediate response to
splenectomy was defined as a PLT more than 100×109/L after
surgery, which maintained without therapy. In 39 of the 47
patients with ITP, the effective rate of LS was 82.9 % (39/47).

DISCUSSION
Splenectomy for those patients with hereditary sherocytosis
(HS) was initially described by Sutherland and Burghard in
1910. With the advancement of laparoscopic instruments and
surgeon’s experience, minimally invasive approach has been
used extensively in many surgical procedures including
splenectomy. Now LS has been recognized as a safe and
effective treatment for hematologic disorders and other splenic
diseases[23-26]. However, the spleen is fragile and is located
deeply in the left upper quadrant, and the abdominal organs
like stomach, omentum, and pancreas tail obscure the splenic
hilum. Operators are faced with a great deal of difficulty and
risk when dealing with LS.
Since the initial reports, early experience has been gained
in patients with immune thrombocytopenic purpura and other
splenic disorders in a number of centers. In all these early
reports, patients received LS either in the supine or the
lithotomic position, and laparoscope was placed through a port
near the umbilicus. In our seven early LS cases, the patients
were placed in the lithotomic position too. This position,
however, may take exposure and dissection suboptimal, or even
cumbersome. In the lithotomic position, the laparoscope is
usually inserted through the trocar near the umbilicus, when
peri-splenic adhesion or splenomegaly, causes trouble to
expose and dissect the peri-splenic ligaments, such as lienorenal
ligament and lienophrenic ligament. Also, this position is very
difficult for surgeons to expose posterior-dorsal vessels of
spleen clearly and retract spleen to the medial abdomen against
its gravity, when attempted to dissect the superior splenic
ligaments. For these reasons, we made the rest LS patients lie
in the right recumbent position or the right lateral position.
We found that the abdominant organs like stomach, omentum
and colon all went to the right by their gravity, dorsal side of
spleen was exposed satisfactorily, and the peri-splenic
ligaments are dissected easily in these two positions. In our
experience, it is easy to dissect ligaments, to mobilize spleen
and to place the stapler without any tension when using the
right lateral approach. The procedure we used can also reduce
operating time and avoid spleen or capsule fractures. In this
study, there was no massive intraoperative bleeding, and no
injury to great splenic vessels was observed.
Splenomegaly was initially considered as a contraindication
of laparoscopic splenectomy[27-32]. With the advancement of
laparoscopic technology, LS of enlarged spleen has been
performed successfully with laparoscopy[33-38]. However, the
difficulty in conducting LS on splenomegaly is certainly greater
than that on the spleen with normal size. As operative area is
stuffed with enlarged spleen, the peri-splenic ligaments is
relative shorter, and the splenic hilum is deeply hidden in the
enlarged spleen, the manipulation of LS becomes very difficult.
It is hard to dissect the dorsal and upper pole ligaments of
spleen in this situation. A tear of splenic capsule and splenic
pedicle hemorrhage can often occur. It is a common cause to
alter LS to open splenectomy in splenomegaly. In our study,
we found that the right lateral approach is particularly suitable
for patients with splenomegaly. Surgeons easily manipulate
in right lateral position by taking advantage of gravity of spleen
to expose the retroperitoneal attachments and to dissection even
in the presence of dense diaphragmatic adhesions. The right
lateral position offers a better laparoscopic view and space for
manipulation than other positions. Moreover, only three trocars
are typically required, and splenic pedicle exposition can be
performed easily with less risk of capsular disruption. In fact,
we have used this position in all LS cases regardless of the
size of spleen since 2000[39,40]. However, The disadvantage of
the right lateral position is lack of wide visual field, which
presents the possibility of missing the accessory spleen not
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located in the neighborhood of splenic hilum. In addition, the
distance between costal margin and iliac crest is rather short
in some patients with obesity being placed in the right lateral
position, which may cause difficulty for laparoscopic
manipulation.
After exploring the abdominal cavity, the lower pole
ligament of spleen and splenocolic ligement should be dissected
firstly. Then, lienorenal ligament and lienophrenic ligament
were dissected in order. The gastosplenic ligament should be
dissected after dealing with all peri-splenic ligaments, because
these ligaments, especially lienophrenic ligament, create a
narrow area between stomach and spleen. When the perisplenic ligaments are dissected, the spleen will be turned down
easily, the space between stomach and spleen will be enlarged,
and the gastrosplenic ligament as well as short gastric vessels
can be transected by ultrasonic scissors[41,42] or titanium clips.
Following this procedure, the injury to stomach or the tear of
upper pole of spleen can be avoided when dissecting the upper
part of gastrosplenic ligament. At last, the splenic artery and
vein are isolated and divided by endoscopic vascular staplers.
Individual ligation of splenic vessels requires dissecting the
artery and vein of splenic hilum, which may increase the risk
of damage to the tail of pancreas and hilum vessels. The high
success rate in our group may be related to the operative
position we adopted which provides a nice exposure of hilum
of the spleen, so that it is certain for endoscopic vascular stapler
to cross the entire splenic hilar vessels completely. By the way,
the application of stapling instrument is safer than other
manners when dealing with the splenic hilum vessels.
Perisplenitis may lead to contraction of ligaments and
adhesion of the spleen to the adjacent organs, which increases
the difficulty of manipulation and the risk of operation. The
adhesion and peri-splenic ligaments should be dissected with
ultrasonic scissors carefully in order to avoid possible capsular
being torn or great vessels broken, which will result in
uncontrollable bleeding. Once the splenic hilum is exposed
clearly, transection procedure should be taken before handling
the upper pole of spleen. This procedure is very important for
the enlarged spleen, which usually has autoinfection leading
to inflammatory adhesions to the diaphragm and omentum.
To mobilize all the peri-splenic ligaments before transecting
the splenic hilum for patients with splenomegaly, it will take
the branch for the root and easily lead to uncontrollable
bleeding. In one of our cases, the operation took nearly six
hours on the patient who suffered from severe perisplenitis
and extensive dense adhesion around the spleen. Another two
cases received intraoperative transfusion of 400 ml red blood
cell, in which the possible causes of bleeding were considered
as massively enlarged spleen (more than 20 cm), severe
extensive dense adhesion and in the lithotomic position.
Although more and more reports defined LS as a safe and easy
operation in massive splenomegaly[43-47], we thought the major
axis of spleen exceeding 15 cm will surely raise the difficulty
and risk in LS.
For patient with hematology disorders, accessory spleen
often results in unfavorable therapeutic outcome or recurrence
of primary disease[48]. It is reported that the incidence of
accessory spleens are 10 % to 30 % in patients with hematologic
diseases[49-55]. In this series, we found six patients (12.8 %)
with accessory spleen. The “cure” rates of the patients with
ITP in our group are approximately 83 %, showing a good
response to LS. However, it is considered that the period of
follow-up was short in our study. So far there has been no data
available of long-term cure rates of ITP by means of LS. The
long-term follow-up is needed to answer this question. Notably,
in a comparative study, the rate of discovery of accessory
spleens was 3 times higher in open splenectomy than that in
laparoscopic splenectomy[56]. The observation showed the need
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for a systematic search, in various sites such as splenic hilum,
tail of pancreas, splenocolic and gastrosplenic ligaments, and
the greater omentum, for accessory spleens during laparoscopic
splenectomy.
Laparoscopic surgery has more advantages for improving
postoperative course. The majority of our patients started to
drink water eight hours after the operation. And the
hospitalization ranged from three to six days.
In conclusion, laparoscopic splenectomy for patients with
hematologic disorders and some other splenic diseases is
technically safe and feasible. It is believe that it is easy to
conduct laparoscopic splenectomy in the right lateral position.
While in case of splenomegaly, the right lateral position
provides better visualization than the lithotomic position and
the right recumbent position. The lateral position offers many
advantages than the conventional supine approach as it provides
a more direct view of the splenic hilum by using the gravity of
spleen to expose important anatomy. Regardless of the
operative position, the major axis of spleen exceeding 15 cm
by B-ultrasound in vitro surely increases the difficulty of LS
and therefore prolongs the duration of operation.
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Abstract
AIM: To develop a technique of combined endoscopic
sclerotherapy and ligation (ESL) in which both techniques
of endoscopic sclerotherapy (ES) and endoscopic variceal
ligation (EVL) can be optimally used.
METHODS: ESL was performed in 10 patients (age 46.4±7.9;
9 males, 1 female) with cirrhosis of liver using sclerotherapy
needle and Speedband, Superview multiple band ligater
(Boston Scientific, Microvasive, Watertown, MA). A single
band was placed 5-10 cm proximal to the gastro-esophageal
junction over each varix from proximal to distal margin,
followed by intravariceal injection of 1.5 % ethoxysclerol
(4 ml each) 2 to 3 cm proximal to the gastroesophageal
junction on the ligated varices distal to deployed band. EVL
was then performed at the injection site. Similarly other
varices were also injected and ligated from distal to
proximally. In the subsequent sessions, ES alone was
performed to sclerose small varices at the gastroesophageal
junction.
RESULTS: ESL was successfully performed in all patients.
A median of 3 (ESL 1, ES 2) sessions (ranged 1-4) were
required to eradicate the varices in 9 (90 %) of 10 patients.
Recurrence of varices without bleed was seen in 1 patient
during a mean follow-up of 10.3 months (ranged 6-15).
Two patients died of liver failure. None died of variceal
bleeding. None of the patients had procedure related
complications.
CONCLUSION: ESL may be useful in the fast eradication
of esophageal varices. However, randomised controlled trials
are required to find out its relative efficacy and impact on
variceal recurrence in comparison to ES or EVL.
Dhiman RK, Chawla YK. A new technique of combined endoscopic
sclerotherapy and ligation for variceal bleeding. World J
Gastroenterol 2003; 9(5): 1090-1093
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INTRODUCTION
Endoscopic sclerotherapy (ES) and endoscopic variceal
ligation (EVL) are well-established nonsurgical procedures
for the secondary prevention of bleeding from esophageal
varices. EVL, developed by Stiegmann et al [1], has been

shown to have lesser complications and also require fewer
endoscopy sessions to obliterate esophageal varices [2].
However, EVL is associated with higher variceal recurrence
rate in the long term[3-7]. High recurrence rates following EVL
could be related to inability to further ligate varices once
they became small and had no effect on perforating veins
and paraesophageal collaterals [8-10] . The presence of
paraesophageal varices predicts the recurrence of esophageal
varices and recurrent bleeding [8-10]. The mechanisms of ES
and EVL in achieving variceal sclerosis are quite different.
The effect induced by EVL is localized to the submucosa,
whereas the chemical effect of ES is deeper, i.e. on perforating
veins and paraesophageal collaterals[8-10]. We have proposed
a new technique of combined endoscopic sclerotherapy and
ligation (ESL) in which both techniques of ES and EVL can
be optimally utilized to achieve rapid eradication and
decreased recurrence of esophageal varices[11]. In this pilot
study, we reported our initial experience with this new
technique of ESL.

MATERIALS AND METHODS
Patients
Ten patients (mean age 46.4±7.9 years, ranged 38-60; 9 males,
1 female) with cirrhosis of liver and upper gastrointestinal
bleeding underwent ESL for variceal eradication. None of the
patients was actively bleeding. The diagnosis of cirrhosis was
based on clinical, biochemical and ultrasound findings. All
patients had a patent splenoportovenous axis on Doppler
ultrasound. The etiology of cirrhosis was related to alcohol in
6 patients, hepatitis B virus in 2, autoimmune hepatitis in 1
and cryptogenic in 1. One patient was in Child’s grade A, 3 in
Child’s grade B and 6 patients were in Child’s grade C. All
patients received first session of ESL followed by ES alone
with 1.5 % ethoxysclerol every 2 to 3 weeks.
Methods
ESL was performed with the Olympus EVIS GIF-Type 100 or
OES GIF-XQ20 forward-viewing fiberoptic endoscope and
Superview, a multiple band ligator device (Boston Scientific
Co., Watertown, MA, USA) and a locally fabricated
sclerotherapy needle with an outer diameter of 1.8 mm[12]. The
scope was loaded with multiple band ligator devices according
to manufacturer’s instructions. A small nick with a sharp,
pointed blade was made in the plastic covering near the trip
wire of the handle unit for the introduction of the sclerotherapy
needle (Figure 1). The sclerotherapy needle was thus passed
through the working channel of the scope and could be brought
out distally through the cylinder of the ligating unit for ES
(Figure 2). The scope was loaded with multiple band ligator
device containing 5 or 8 bands, then it was introduced into the
esophagus and a single band was applied 5 -10 cm proximal
to the gastroesophageal junction over the varix starting from
proximal to distal margin (Figure 3). This was followed by
intravariceal injection of 1.5 % ethoxysclerol (4 ml each) 2 to
3 cm proximal to gastroesophageal junction on the ligated
varices distal to the deployed bands. The sclerotherapy needle
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was removed and EVL was then performed at the injection
site. Similarly, other varices were also injected and ligated from
distal to proximal margin. The scope was then removed after
ensuring complete hemostasis.

A

B

Figure 1 Handle unit with trip wire and scope fastener. Injector was passed along the trip wire after making a small nick in
the plastic covering (arrow) with a sharp blade.

Figure 2 Endoscope loaded with the ligating unit at its distal
end. An injector was coming out from the cylinder of the ligating device though the working channel of the scope.

There was marked reduction in the size of esophageal
varices after the ESL; therefore in the subsequent treatment
sessions, ES alone was performed with 1.5 % ethoxysclerol to
eradicate the remaining varices by intravariceal injection
method every 2 to 3 weeks. The patients were then followedup every 3 to 4 months.

C

D

Figure 3 ESL using Speedband, Superview multiple band
ligator (Boston Scientific Co., Watertown, MA) and sclerotherapy needle. (a) EVL at least 5 cm or more proximal to
gastroesopahgeal junction, (b) sclerotherapy 2 to 3 cm proximal to gastroesophageal junction on the same varix, (c) EVL
on the injection site (arrow) and (d) proximal (large arrow)
and distal (small arrow) EVL on the same varix.

RESULTS
All results were showed in Table 1. Eight patients had large
esophageal varices (grade 3 or 4) and 2 patients had small
(grade 2) varices. Each patient received 1 session of ESL as
described. Esophageal varices were eradicated in 9 (90 %)
patients. Marked reduction in variceal size was found following
ESL in all patients on the first follow-up of ES session after 2
to 3 weeks. One patient need not require ES as the varices
were completely eradicated after the first session of ESL. Three
patients each required 1 and 2 sessions of ES with 1.5 %
ethoxysclerol, respectively and two patients required 3 ES
sessions for complete eradication of esophageal varices. Thus,
eradication of varices was achieved in a median of 3 (ESL 1,
ESL 2) sessions (range 1-4). None of the patient had procedurerelated complications. None of them underwent a “second
look” endoscopy after the therapy for evaluation of any
symptoms. Large liner superficial ulcers were seen in 3 patients
on the first follow-up endoscopy after 2 weeks, which healed
uneventfully with marked reduction in variceal size. None of
the patient received β-blockers.
Nine patients, in whom variceal eradication was achieved,
were followed-up for a mean of 10.3 months (range 6-15).
Small (grade 2) esophageal varices recurred in 1 (11.1 %)
patient without variceal bleeding. ES was carried out to
eradicate the varices again. Two patients died of liver failure.
While 1 patient died before the varices could be eradicated,
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another died during follow-up for 9 months after the eradication
of varices. None of the patient died of variceal bleeding.
One patient had large fundal varices with cherry red spots.
This patient received undiluted 2.5 ml of intravariceal injection
of n-butyl-2-cyanoacrylate into the fundal varices in 2 sessions.
Fundal varices disappeared following extrusions of
cyanoacrylate cast 3 months later. Mild portal hypertensive
gastropathy was present in 1 patient before the eradication of
esophageal varices and in 3 patients after the eradication of
varices.
Table 1 Endoscopic parameters
Grade of esophageal varices

Number of patients

Grade 3 or 4

8

Grade 2

2

ESL sessions

1

Follow-up ES sessions (median, range)

2(0-3)

Total ESL + ES sessions (median, range)

3(1-4)

Gastric varices
Before eradication of esophageal varicesa

1

After eradication of esophageal varices

0

Portal hypertensive gastropathy
Before

1

After

3

Deathb

2

a
The patient received n-butyl-2-cyanoacrylate for large gastric
(fundal) varices, bLiver failure.

DISCUSSION
We successfully performed this new technique in all patients
with cirrhosis of liver, thus showing its efficacy in a clinical
setting. Large paraesophageal collaterals on endosonography
predict recurrence of esophageal varices[10,13]. We have earlier
shown that the ES has an effect on the perforating veins and
paraesophageal collaterals as evidenced by reduction in their
number and size, while no effect could be demonstrated on
these venous structures with EVL[7,8]. In order to reduce the
early recurrence of the varices, the present technique aimed at
augmenting the effect of sclerosant on perforating veins and
on paraesophageal collaterals, while at the same time
maintaining the efficacy of EVL to quickly obliterate the
esophageal varices.
In this technique, proximal ligation of varices with a band
not only interrupts the cephalic variceal blood flow but also
divert it into the paraesophageal collaterals via perforating
veins, thereby, augmenting the effect of sclerosant on the
perforating veins and paraesophageal collaterals or feeders.
The effect of this technique may be similar to the technique of
ESL used by Umehara et al[4], or the technique of ES used by
Takase et al[14] where the effect of sclerosant on feeder vessels
of the varices could be increased by interrupting variceal blood
flow by inflating the proximal balloon affixed to endoscope.
In both the techniques, fluoroscopy was used to confirm the
opacification of feeders with sclerosant and contrast mixture.
However, our technique was simple and did not require
fluoroscopy thereby reducing the radiation exposure to the
patient. This method had another advantage. The effectiveness
of ES also depended on the time that sclerosant remained in
contact with endothelial cells in blood vessels[15]. Proximal
ligation of varices in this technique thus increased the
effectiveness of sclerosant by increasing the contact time with
endothelial cells. After the ES, a band was placed either on the
injection site or distal to it, to achieve complete hemostasis
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and the optimal effect of EVL. The endoscopist however must
be careful while negotiating the scope beyond the proximally
ligated varices. We did not experience the displacement of
proximally deployed band.
If the effect of EVL and ES in this technique is additive
then the variceal eradication rate should be higher, the varices
should be eradicated in fewer sessions and the recurrence of
the varices should be low. In this pilot study, complete
eradication of esophageal varices was achieved in 9 (90 %)
patients in a median of 3 (ESL1, ES2) sessions (range 1-4),
while our previous experience with ES alone showed that
6.8±4.9 (mean ± SD) sessions were required to obliterate varices
in 45 % of patients with cirrhosis of liver[16]. Recurrence of
esophageal varices in our previous experience was 25.9 %[16].
These results comparing with historical control, indicate that
the present technique of ESL is not only effective in reducing
the number of sessions for eradication of esophageal varices
but also in achieving eradication of varices in a higher
proportion of patients. However, prospective, multi-center
randomised trials are required to substantiate these results as
well as to observe the impact on variceal recurrence with this
technique.
ES was done easily without any complication as the injector
could be passed though the working channel of the scope. We,
however, observed large linear superficial ulcers over the
varices on follow-up endoscopy. This finding is not unexpected
as the effect of sclerosant is increased by the interruption of
the variceal blood flow proximally by a band. These ulcers
were superficial and healed without any complication, and
were associated with eradication or marked reduction in the
variceal size.
In conclusion, our new technique of ESL may be useful in
the fast eradication and in achieving lower recurrence of
esophageal varices. It, however, requires further randomised
controlled trials with EVL or ES to find out its efficacy and
impact on the variceal recurrence.
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Abstract
AIM: To explore the effects of COX-2 gene in the
proliferative activity induced by bile from anomalous
pancreaticobiliary ductal union (APBDU) on human
cholangiocarcinoma cell line.
METHODS: Bile sample from APBDU and normal bile
sample were used for this study. The proliferative effect of
bile was measured by methabenzthiazuron (MTT) assay;
COX-2 mRNA was examined by semi-quantitative reverse
transcription polymerase chain reaction (RT-PCR). Cell cycle
was analyzed by flow cytometry (FCM), and the PGE2 levels
in the supernatant of cultured cholangiocarcinoma cells
were quantitated by enzyme-linked immunoabsordent
assay (ELISA).
RESULTS: Bile from APBDU can significantly promote
the proliferation of human cholangiocarcinoma QBC939
cells compared with normal bile (P=0.005) and upregulated remarkably their COX-2 mRNA expression
(P=0.004). The proliferative activity of APBDU bile can
be abolished by addition of cyclooxygenase-2 specific
inhibitor celecoxib.
CONCLUSION: Bile from APBDU can promote the
proliferation of human cholangiocarcinoma QBC939 cells via
COX-2 pathway.
Wu GS, Zou SQ, Liu ZR, Wang DY. Bile from a patient with
anomalous pancreaticobiliary ductal union promotes the
proliferation of human cholangiocarcinoma cells via COX-2
pathway. World J Gastroenterol 2003; 9(5): 1094-1097
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INTRODUCTION
It is well known that APBDU is associated with choledochal
cyst [1-9]. Recently, a frequent association of biliary tract
carcinoma and APBDU without choledochal cyst is well
recognized, but its underlying mechanism is unclarified. For
the purpose of resolving these mechanism we used the
APBDU bile to act directly on the QBC939 cells to determine
the effects of bile from APBDU on the cholangiocarcinoma
cells growth.

MATERIALS AND METHODS
Materials
Bile samples collection and treatment: APBDU bile was
obtained from the common bile duct of a patient (male, 39)
with polypoid lesion of the gallbladder who underwent
cholecystectomy in the Department of Surgery, Tongji hospital,
Wuhan, China. Preoperative MRCP revealed the length of
the pancreaticobiliary common channel was 19 mm with
absence of dilation of the common bile duct, the pancreatic
duct merged with the bile duct (P-B type) and the
pancreaticobiliary ductal union was located proximal to the
narrow distal segment, which represented the sphincter of
O d d i , AP B D U w a s d i a g n o s e d b y i n t r a o p e r a t i v e
cholangiography concordant with the MRCP diagnosis.
Normal control bile was obtained from the common bile duct
of another patient (male, 41) with gastric cancer and a normal
hepatobiliary tract. Both patients had not taken any
nonsteroidal anti-inflammatory drugs, antibiotics or antitumor drugs before the operation. Bile samples were sterile
and filtered (0.22 µm, Millipore) twice immediately and
stored at -80 . PBS (pH7.2) was used as negative control.
Human extrahepatic cholangiocarcinoma cell line QBC939
was gifted by professor Wang (Third Military Medical
University,China)[10], the cells were maintained as monolayers
in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % fetal bovine serum (FBS, Gibco.
USA.), 100 units/ml penicillin and 100 mg/ml streptomycin
in a humidified atmosphere of 95 % air and 5 % CO2 at 37
. PGE2 ELISA detection kit was purchased from Jingmei
Biotech Co., Wuhan, China. Celecoxib was provided by Dr.
Mei (Wuhan University, China) [11]. Stock solution was
prepared in dimethylsulfoxide (DMSO) and stored at -20 .
In all experiments the final concentration of DMSO in the
medium was 0.1 %.
Methods
Cytotoxicity pretesting Cytotoxicity pretesting was taken
with each of the gradient in diluted bile sample to determine
the concentration of experimental bile samples. Our results
showed that 1 % bile (10 µL bile/mL medium) was not
cytotoxic to QBC939 cells.
M TT a s sa y T h e p r o li f e r a t in g s t at u s o f h u m a n
cholangiocarcinoma cells QBC939 was determined by MTT
assay. Cholangiocarcinoma cells were seeded at a density of
1×104 cells per well in flat-bottomed 96-well microplates. 12
h after incubation, the cells were treated with 1 % bile with or
without 20 µmol/L celecoxib. After 72 h incubation, 20 µL
MTT (5 g/L) was added to each well and cultured for 4 h.
Upon removal of the supernatant, added DMSO 150 µL and
shook for 5 min untill the crystals were dissolved. OD490nm
value was measured by enzyme-linked immunoabsorbent
assay. The negative control well was used as zero point of
absorbance. Each assay was performed three times in triplicate.
ELISA The PGE2 levels in the supernatant of the cultured
human cholangiocarcinoma cells QBC939 were quantitated
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Effects of bile on the proliferation activity of QBC939
QBC939 cells were incubated in 1 % bile with or without 20
µmol/L celecoxib, and the cells density was measured by MTT
assay. APBDU bile could significantly promote the
proliferation of QBC939 cells as compared with normal bile
(P=0.005), and the proliferative effect of APBDU bile could
be abolished by addition of 20 µmol/L celecoxib (P=0.103,
Table 1).
Table 1 Effects of bile on the growth of QBC939 with or without celecoxib
Group
A

0.82±0.19

B

0.47±0.14

C

0.43±0.10

P

+CE OD490

P=0.008,dP=0.005

0.33±0.14

b

P
b

P=0.297,dP=0.103

0.26±0.07

b

P=0.398

b

P=0.052

0.24±0.09

QBC939 cells were incubated in 1 % APBDU bile (A), 1 %
normal bile (B) or 1 % PBS (C) with or without 20 µmol/L
celecoxib (+CE), and the cells density (OD 490nm) was measured by using MTT assay. Data were expressed as x ±s, b vs
C, d vs B.

Flow cytometric analysis of proliferative index of QBC939
cells
The QBC939 cells proliferative index (PI) increased
significantly (P=0.003) after treatment with 1 % APBDU
bile (60.59±4.06) as compared with that of the normal bile
(28.69±1.79, Figure 2), PI =S+G2/M)×100 %.
1

2

M

3

4

β-actin 520 bp
COX-2 238 bp

Figure 1 Expression of COX-2 mRNA, β-actin served as control.
M: DL2,000 marker; 1: normal bile; 2 and 4: APBDU; 3: PBS.

FL1-H

Statistical analysis
The data were expressed as x±s. Student’s t-test was used for
statistical analysis. P<0.05 indicated significant difference.
RESULTS
Assay of COX-2 activity
PGE2 levels in the supernatant released by the cultured human
cholangiocarcinoma cells QBC939 determined the COX-2
activity. The concentrations of PGE2 in culture medium of
QBC939 cells treated with 1 % APBDU bile or 1 % normal
bile with or without 20 µmol/L celecoxib for 48 h were
quantitated by ELISA. APBDU bile could induce the release
of PGE 2 in QBC939 cells: the PGE 2 level was higher
significantly (P=0.004) in APBDU bile group (187.1±14.0 ng/
well) as compared with that in normal bile group (139.4±15.3
ng/well). Celecoxib could suppress PGE2 production of the
QBC939 cells, the PGE2 concentration was (65.2±10.6) ng/
well and (57.0±9.8) ng/well in APBDU bile group and normal
bile group respectively when pre-treated with 20 µmol/L
celecoxib, there was no statistical difference between the two
group (P=0.09).

OD490

800

800

600

600

FL1-H

by ELISA. Cells were seeded into 24-well microplates
(4.0×105/well) and allowed to adhere overnight. The cells were
then incubated in presence 1 % bile with or without 20 µmol/
L celecoxib for 48 h. The supernatants were aspirated and
centrifuged to prepare for the detection of PGE2. 0.5 mL
supernatant was added into 1 N HCl 0.1 mL and centrifuged
for 10 min at room temperature; then 1.2 N NaOH 0.1 mL
was used to neutralize the acidified samples. Standard solution
(200 µL/well) or activated samples were added into the
microplates. Then the steps were proceeded as instructed. The
value of OD of each well was determined at 450nm. The
supernatants were harvested in triplicate and the experiment
was performed three times.
Flow cytometric analysis Human cholangiocarcinoma cells
QBC939 were trypsinized and plated in 6-well culture dishes
in presence of 1 % APBDU bile or 1 % normal bile. After 24
h, the cells were harvested, centrifuged at low speed and fixed
in 70 % ethanol. After overnight incubation at 4 , the cells
were stained with 50 µg/ml propidium iodide in presence of
RNAsin A (10 µg/ml) and 0.1 % Triton X-100 and determined
by flow cytometer.
RT-PCR QBC939 cells were cultured in presence of 1 %
APBDU bile, 1 % normal bile or 1 % PBS for 3 d. The total
RNA was prepared from subconfluent cultures with RNASOLV reagent (Omega) according to the manufacture’
instruction. The primers were designed to amplify a
fragment of COX-2 cDNA based on the reported sequence
for human COX-2. To normalize the amount of input RNA,
RT-PCR was performed with primers for the constitutively
expressed β-actin gene. The COX-2 primers were 5’ ACAATGCTGACTATGGCTAC-3’ (sense) and 5’ AACTGATGCGTGAAGTGCTG-3’ (antisense), giving rise
to a 238 base pair polymerase chain reaction production. The
β-actin primers were 5’ -GTGCGTGACATTAAGGAG- 3’
(sense) and 5’ -CTAAGTCATAGTCCGCCT- 3’ (antisense),
giving rise to a 520 base pair polymerase chain reaction
production. The first strand cDNA synthesis and the subsequent
PCR were performed with RNA PCR kit (AMV) using a
programmed temperature control system set for 30 cycles of
denaturation at 94 for 45 s, annealing at 58 for 30 s, and
extension at 72
for 60 s. 10 µL reaction mixture was
electrophoresed on a 1.5 % agarose gel, and the PCR products
were visualized by ethidium bromide staining and quantified
by an ImageQuant software. COX-2 mRNA expression level
was determined by COX-2/β-actin protein.
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Figure 2 Representative data of cell cycle from QBC939 cells
in the presence of 1 % APBDU bile (S+G2/M=65.12 %) or 1 %
normal bile (S+G2/M=30.47 %) for 24 h was analyzed by flow
cytometry.

Expression level of COX-2 mRNA
APBDU bile could markedly (P=0.004) up-regulate the COX2 mRNA expression of QBC939 cells (Figure 1, Ttable 2).
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Table 2 Expression level of COX-2 mRNA
Group n

COX-2/β-actin

A

6

0.4322±0.0448

B

6

0.2267±0.0638

C

6

0.1367±0.0653

t
b

t=11.556,dt=5.010
b

t=1.820

P
b

P<0.001,dP=0.004
b

P=0.128

COX-2 mRNA expression level was determined by COX-2/βactin protein. Data were expressed as x±s, b vs C (PBS), d vs B
(normal bile), A: APBDU.

DISCUSSION
A frequent association of biliary tract carcinoma and APBDU
is well recognized [12-19], especially in the undilated type
APBDU[20, 21]. Mori[7] had reported that among 698 patients
subjected to endoscopic retrograde cholangiopancreatography,
APBDU was found in 6 patients (0.9 %). 4 of these 6 patients
had no associated congenital choledochal cyst, and two patients
had advanced gallbladder cancer. The remaining 2 patients
had no associated carcinoma of the biliary tract. They further
studied 28 such APBDU without choledochal cyst cases. The
clinicopathological data showed that the thickness of the
gallbladder wall was visualized in 26/28 (92.9 %) patients.
Some researchers [20-22] had reported that patients with
adenomyomatosis (a presumed premalignant lesion of the
gallbladder) were frequently associated with the undilated type
APBDU. Tanno[23] reported 15/24 (63 %) of APBDU patients
had epithelial hyperplasia of the gallbladder, the incidence of
which was significantly higher in the gallbladders of undilated
type APBDU patients (91 %) than that in dilated type patients
(38 %). Ki-67 labeling index was significantly higher in
hyperplastic mucosa than that in the control gallbladder
mucosa. 2/9 (22 %) high grade hyperplasia cases had K-ras
mutations. Their results suggested that hyperplasia of the
gallbladder mucosa in APBDU patients was an early change.
Cell kinetic studies of gallbladder epithelial cells by Yang[24]
had shown the Ki-67 labeling index, PCNA labeling index
and BrdU labeling index of the noncancerous mucosa in
patients with APBDU and/or gallbladder carcinoma were
significantly higher than those in patients without APBDU and
gallbladder carcinoma.
Increase of the secondary and free bile acid concentrations
is considered a risk factor for biliary carcinogenesis in APBDU
patients. Sugiyama[25] had suggested that elevation of the
lysolecithin (LL) in the bile was one of the factors for
development of biliary tract carcinoma in patients with
APBDU: the LL in the phospholipid produced from lecithin
by activated phospholipase A2 in the refluxed pancreatic juice,
was significantly elevated in the APBDU group. Yoon[26] also
indicated that bile acids induced both EGFR phosphorylation
and enhanced COX-2 protein expression. EGFR was activated
by bile acids to induce COX-2 expression by a MAPK cascade.
The induction of COX-2 might participate in the genesis and
progression of cholangiocarcinoma.
In an effort to delineate the underlying mechanism of the
carcinogenesis in APBDU and the effects of COX-2 gene in
the proliferative activity induced by APBDU bile, we used the
bile from APBDU to see the direct effect on the human
cholangiocarcinoma QBC939 cells in vitro to determine the
e f f e c t o f A P BD U b i l e o n t h e g r o w t h o f h u m a n
cholangiocarcinoma cells. Our data show that APBDU bile
could significantly promote the proliferation of human
cholangiocarcinoma QBC939 cells and up-regulated
remarkably their COX-2 mRNA expression, and the
proliferative activity of APBDU bile could be abolished by
adding cyclooxygenase-2 specific inhibitor celecoxib. Our
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study indicated that APBDU bile promoted the proliferation
of human cholangiocarcinoma QBC939 cells via COX-2
pathway.
Substantial evidences have shown that COX-2 is important
in carcinogenesis[27-33]. Celecoxib as a new COX-2 selective
inhibitor has shown its safety and efficiency in human and
animals. Several studies have demonstrated that celecoxib has
significant efficacy in animal models: Celecoxib inhibited
intestinal tumor multiplicity up to 71 % as compared with
controls in the Min mouse model, and inhibited colorectal
tumor burden in the rat azoxymethane (AOM) model[34-36].
Recently celecoxib has been approved by the FDA to reduce
the number of adenomatous colorectal polyps in patients with
familial adenomatous polyposis (FAP). Our data suggested that
celecoxib as a chemopreventive and chemotherapeutic agent
might be effective in cholangiocarcinoma and could be used
as a chemopreventive strategy in the people of high-risk
conditions for the development of cholangiocarcinoma such
as APBDU. Our study demonstrated that the QBC939 cells
proliferative index increased significantly after treated with
APBDU bile for 24 h. These data suggested that APBDU bile
could affect the QBC939 cell proliferation cycle.
In conclusion, APBDU bile can promote the proliferative
activity of human cholangiocarcinoma QBC939 cells and the
effect is via COX-2 pathway.
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Abstract
AIM: To evaluate the clinical, radiological and microbiological
properties of abdominal tuberculosis (TB) and to discuss
methods needed to get the diagnosis.
METHODS: Thirty-one patients diagnosed as abdominal
TB between March 1998 and December 2001 at the
Gastroenterology Department of Kartal State Hospital,
Istanbul, Turkey were evaluated prospectively. Complete
physical examination, medical and family history, blood count
erythrocyte sedimentation rate, routine biochemical tests,
M a n t o u x s ki n t e st , ch e st X - ray a n d ab d o m i n al
ultrasonography (USG) were performed in all cases, whereas
microbiological examination of ascites, upper gastrointestinal
endoscopy, colonoscopy or barium enema, abdominal
tomography, mediastinoscopy, laparoscopy or laparotomy
were done when needed.
RESULTS: The median age of patients (14 females,17
males) was 34.2 years (range 15-65 years). The most
frequent symptoms were abdominal pain and weight loss.
Eleven patients had active pulmonary TB. The most
common abdominal USG findings were ascites and
hepatomegaly. Ascitic fluid analysis performed in 13 patients
was found to be exudative and acid resistant bacilli were
present in smear and cultured only in one patient with
BacTec (3.2 %). Upper gastrointestinal endoscopy yielded
nonspecific findings in 16 patients. Colonoscopy performed
in 20 patients showed ulcers in 9 (45 %), nodules in 2 (10 %)
and, stricture, polypoid lesions, granulomatous findings in
terminal ileum and rectal fistula each in one patient (5 %).
Laparoscopy on 4 patients showed dilated bowel loops,
thickening in the mesentery, multiple ulcers and tubercles
on the peritoneum. Patients with abdominal TB were divided
into three groups according to the type of involvement.
Fifteen patients (48 %) had intestinal TB, 11 patients
(35.2 %) had tuberculous peritonitis and 5 (16.8 %)
tuberculous lymphadenitis. The diagnosis of abdominal TB
was confirmed microbiologically in 5 (16 %) and histopathologically in 19 patients (60.8 %). The remaining nine
patients (28.8 %) had been diagnosed by a positive
response to antituberculous treatment.
CONCLUSION: Neither clinical signs, laboratory, radiological
and endoscopic methods nor bacteriological and
histopathological findings provide a gold standard by
themselves in the diagnosis of abdominal TB. However, an
algorithm of these diagnostic methods leads to considerably
higher precision in the diagnosis of this insidious disease

which primarily necessitate a clinical awareness of this serious
health problem.
Uygur-Bayramiçli O, Dabak G, Dabak R. A clinical dilemma:
abdominal tuberculosis. World J Gastroenterol 2003; 9(5):
1098-1101
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INTRODUCTION
Tuberculosis (TB) was a prevalent infection even in Ancient
Greek and Egypt. The disease could be taken under control
only after the advent of antimicrobial therapy in 1946.
However, it has started to resurge worldwide in the last 10
years, due to HIV epidemic and to primary resistance to firstline drugs. One-third of the world population is under the risk
of acquiring TB according to WHO and more than 30 million
deaths had been expected due to TB in the nineties especially
in Africa and Asia[1]. Not surprisingly, there is also an increase
in the percentage of patients with atypical presentations and
atypical extra-pulmonary forms of TB. Extra-pulmonary organ
involvement of TB is estimated as 10-15 % of patients not
infected with HIV whereas the frequency is about 50-70 % in
patients infected with HIV[2].
Abdominal TB is one of the most prevalent forms of extrapulmonary disease. Gastrointestinal involvement had been
reported to be 55-90 % in patients with active pulmonary TB
before the advent of specific anti-TB treatment. But it was
regressed to 25 % after the development of specific drugs[3].
The abdominal form of TB has an insidious course like any
other chronic infectious disease without any specific laboratory,
radiological or clinical findings. Due to this non-specificity
there are great difficulties in its diagnosis. Various methods of
investigation had been reported as the gold standard of
diagnosis in earlier studies; however there are great difficulties
in clinical practice. As a result, the diagnosis of abdominal TB
is still a challenge to the physician. In the present prospective
study, we analyzed the clinical, laboratory, radiologic,
endoscopic and microbiological features of abdominal TB
patients in order to evaluate the diagnostic value of various
methods and to define the correct tool of diagnosis.
MATERIALS AND METHODS
Thirty-one patients were diagnosed as abdominal TB in
Gastroenterology Department of Kartal State Hospital-Istanbul,
between March 1998 and December 2001. On admission, every
patient had a complete physical examination, medical and
family history, blood count and erythrocyte sedimentation rate
(ESR), routine biochemical tests, Mantoux skin test, chest Xray and abdominal ultrasonography (USG). After these basic
investigations, an algoritm of diagnostic evaluation was applied
according to the presence of certain symptoms, namely, ascites,
upper gastrointestinal symptoms, chronic or bloody diarrhea,
change in bowel habits, malabsorption, and additional
suspicious lesions in other body parts. If present, ascites was
taken for direct examination and culture for Mycobacterium
tuberculosis. Patients complaining of dyspepsia, abdominal
pain, vomiting, upper gastrointestinal bleeding or gastric
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distention had an upper gastrointestinal endoscopy. 3 to 4
gastric biopsies were routinely taken from corpus and antrum
during the endoscopy and the specimens were investigated for
mycobacterium tuberculosis or the presence of granulomas. If
the patient had symptoms suggestive of intestinal TB like
chronic diarrhea, bloody stools or change in bowel habit, stool
was examined for bacilli and culture for mycobacterium
tuberculosis was done. Then, colonoscopy, or in patients with
problems of performing colonoscopy, barium enema was
performed. Eight to ten biopsies were taken for histopathologic
and microbiological examinations if any lesions were found
present during colonoscopy. Signs of small bowel involvement
like malabsorption were evaluated with small bowel series.
Any abnormality of abdominal organs, lymph nodes, mesentery
and peritoneum seen on abdominal USG examination was
evaluated by abdominal CT. Otherwise routine abdominal CT
was not done. If necessary for any additional suspected lesions,
mediastinoscopy, laparoscopy or laparotomy was also
performed. In the presence of any pathological findings,
multiple biopsies were taken and sent for bacteriological and
histopathological investigations. A microbiological diagnosis
was attempted in all cases. However, in some of the patients
where no microbiological diagnosis could be met despite every
effort, the histopathological finding of typical caseating
granulomas was accepted as a definite evidence of TB. In
patients where none of the diagnosis was available and clinical
suspicion of abdominal TB was high, a therapeutic trial of antiTB treatment with four agents (Rifampicin, Ethambutol,
Isoniazid and Morphozinamide) was started, and response to
treatment was evaluated after three months.
We treated all patients with the standard four-drug regimens
(streptomycin or ethambutol, rifampin, pyrazinamide,
isoniazid) for 9 months and the patients were reevaluated again
at the end of this time. If there was no resolution of symptoms
and Mycobacterium tuberculosis was still present in any
specimen, an additional 9-months of treatment was given.

RESULTS
Thirty-one patients with abdominal TB (14 females, 17 males)
with a median age of 34.2 years (range 15-65 years) were
diagnosed in 5 years. A past medical history of pulmonary TB
was obtained in 6 patients (19.2 %) and of bone TB in 2 patients
(6.4 %). There was a family history of TB (in the first-degree
relatives of index patient) in 8 (25.6 %). The mean duration of
symptoms showed great variation among the patients (range l
month-11 years).
The presenting symptoms and signs were summarized in
Table 1. Abdominal pain and weight loss appeared to be the
most frequent symptoms among these.
Laboratory investigations revealed anemia in 22 (70.4 %),
elevated ESR in 20 (64 %), and hypoalbuminaemia in 15
(48 %) patients as the most prominent features. Other findings
were leucocytosis in 2 (6.4 %), positive CRP in 5 (16 %),
elevated transaminases in 7 patients (22.4 %). Of these 7
patients, 2 were chronic HBV carriers, 1 was immune to HBV
and 1 was anti-HCV positive. In 4 patients (12.8 %), all
laboratory examinations were within normal limits.
Mantoux skin test was found positive in 6 (19.2 %) of the
patients. There was ascites in 13 (41.6 %). Ascitic fluid
analysis performed in those patients was found to be
exudative in character and only in one patient acid-fast bacilli
(ARB) were present in smear and cultured only in one patient
with BacTec (3.2 %).
In 11 patients (35.2 %), chest X-ray showed lesions
compatible with active pulmonary TB, like fibrocavitary
lesions, effusions, or lymphadenopathies. Thorax CT was
carried out on these patients and lung lesions such as pleural
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involvement, lymphadenopathy or nodular infiltration were
present in all of them. Thorax CT did not provide additional
data in comparison to chest X-ray.
Abdominal USG was performed on all patients except in
five because of technical problems due to recent operations.
USG findings of 26 patients were summarized in Table 2.
Abdominal CT was performed on 22 of these patients who
presented with abnormal findings in USG. Ascites in 8
(36.3 %), thickening of mesentery in 5 (22.7 %), abdominal
lymphadenopathy in 3 (13.6 %), omental pathology in 3
(13.6 %) and lymphadenopathy in liver hilum, cholelithiasis,
destruction in sacral bone, ovary cyst and splenomegaly each
for one (4.5 %) occasions had been observed as the most
important CT findings among these patients. Only 3 patients
(13.6 %) presented with completely normal CT examination.
Table 1 Presenting symptoms (may be more than one in each
patient) and signs and their frequency in patients (n=32)
Symptoms and signs

Number of patients

Abdominal pain
Weight loss
Ascites
Diarrhea
Cough and sputum
Vomiting and nausea
Fever
Perforation
Bone pain
Night sweats
Urinary symptoms
Mass in the lower quadrant
Cervical pain
Evisseration following laparotomy
Incidental
Operation because of brid ileus

16
16
12
10
6
5
4
3
2
2
1
1
1
1
1
1

Percentage (%)
51.2
51.2
38.4
32
19.2
16
12.8
9.6
6.4
6.4
3.2
3.2
3.2
3.2
3.2
3.2

Table 2 Abdominal ultrasonographic findings (may be more
than one in each patient) and their frequency in the patients (n=26)
Abdominal USG findings
Normal
Ascites
Hepatomegaly
Thickening
Atrophic
Abdominal
Hepatosteatosis
Splenomegaly
Pericardial
LAP
Calcifications

Number of patients

Percentage (%)

4
14
4
3
2
2
2
1
1
1
1

17.2
53.2
17.2
11.4
7.6
7.6
7.6
3.8
3.8
3.8
3.8

Small bowel follow-up was done on seven patients and the
bowel was significantly shortened due to extensive resection
because of perforation in one of them. Barium enema was
performed on two, and there was irregularity and ulcers in the
bowel wall of one patient’s.
Upper gastrointestinal endoscopy was performed in 17
patients and showed nonspecific findings in 16. In every case,
gastric biopsies were taken but no acid- resistant bacilli (ARB)
or granulomas were identified in tissue sections.
Colonoscopy was performed in 20 patients. There was no
abnormality in 8 patients (40 %). Ulcers in 9 (45 %), nodules
in 2 (10 %) and, stricture, polypoid lesions, granulomatous
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findings in terminal ileum and rectal fistula each in one (5 %),
occasions were found in these patients.
Laparoscopy was performed on 4 patients and there were
positive findings in all of them. Dilated bowel loops, thickening
in the mesentery, multiple ulcers and tubercles on the peritoneum,
each for once, were observed in these patients. Peritoneal biopsies
confirmed the diagnosis of tuberculosis in three of these patients.
In the fourth patient, a peritoneal biopsy could not be taken because
of high bleeding risk due to a very long prothrombin time.
Mediastinoscopy in one patient, and fine needle aspiration
biopsy of the lymphadenopathy in liver hilum in another one
were performed to confirm the diagnosis. In only 2 patients of
the whole series, the diagnosis was clarified by biopsies taken
in an operation under general anesthesia (one was operated
because of bulging cervical disc and the other because of
intestinal obstruction).
Patients with abdominal TB were divided into three groups
according to the type of involvement. 15 patients (48 %) had
intestinal TB, 11 patients (35.2 %) tuberculous peritonitis and
5 (16.8 %) tuberculous lymphadenitis.
It wase able to confirm the diagnosis of abdominal
tuberculosis microbiologically in 5 patients (16 %). Two of
these patients were diagnosed by positive ARB smears of
sputum, 1 with ARB in enterocutaneous fistula discharge, 1
with ARB in ascitic fluid, and 1 with ARB in biopsy material.
Two patients were found positive in BacTec, but none of these
patients had positive culture on Löwenstein medium. Nineteen
patients (60.8 %) were diagnosed histopathologically and the
diagnosis in the remaining nine patients (28.8 %) have been
reached by a positive response to antituberculous treatment.
In 2 patients, there were both, histopathologic and
microbiologic diagnosis of tuberculosis.
Twenty-eight patients were symptom-free after 9 months
of treatment. Furthermore, no pathological findings were
observed in the next follow-up visits after six months. In the
remaining 3 patients, the disease had a complicated course
and although antituberculous treatment with four agents
(streptomycin or ethambutol, rifampin, pyrazinamide,
isoniazid) was begun, mammarian abscess developed in one
of them, osteomyelitis and enterocutaneous fistula in the second
patient, and incisional enterocutaneous fistula in the last patient.

DISCUSSION
Abdominal TB is again on the rise all over the world with the
resurgence of multidrug resistant TB and with AIDS pandemic.
It is also an increasing health problem because of the
immigrants from underdeveloped countries where it is more
common. However, this topic is still restricted within a few
paragraphs in the textbooks and the current knowledge of
abdominal TB has to be updated. Sensitivity of various methods
have already been speculated in previous studies without any
serious conclusion. In the present study we aimed to investigate
the relative reliability of these tools in the diagnosis of
abdominal TB which has an exceptionally insidious course.
As shown in the present study, the clinical and laboratory
features of abdominal TB are nonspecific and lead to the
suspicion of only a chronic infectious disease.
Three diagnostic stages have been evaluated in the diagnosis
of abdominal TB. The first two stages, clinical evaluation of
the patient and the radiologic examination, give indirect
evidence of the disease. The third stage includes the invasive
techniques to achieve direct evidence. However, the diagnosis
of TB has its own difficulties that these evidences generally
come out to be relatively direct in practice.
The vague character of symptoms has been previously
defined in many studies[4,5] and the radiographic presentation
of this disease which frequently mimics many other conditions
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has already been described[6,7]. The combination of mesenteric
thick enin g of 15 mm with asso ciated m esen teric
lymphadenopathy has been stated as a prominent sonographic
finding in abdominal TB[8,9] which could not be confirmed in
our study. We found rather nonspecific findings in abdominal
ultrasonography such as ascites and hepatomegaly. However,
CT features of abdominal TB have been reported to be of value
in the diagnosis[10] and the ability to differentiate TB peritonitis
from malignant diseases of the peritoneum could be increased
by combining some CT findings[11]. The same is true for this
study; we had a positive finding in 88 % of the patients in
abdominal CT. The results obtained on CT scans are
comparable to USG findings in the literature[4]. Thus abdominal
CT findings appear to provide more objective data about the
disease than other radiological methods.
The invasive diagnostic tools have the very real advantage
of examining the lesion itself either macroscopically or
microscopically. However, even these direct methods have
their own drawbacks in clinical practice.
Colonoscopic findings of abdominal TB are problematic
because of segmentary involvement of the disease[12] and
because of low yield of granulomas as a result of submucosal
disease. In a study of Singh and associates[13], granulomas were
seen in 44 % of the patients, and 19 % of them had caseation.
We could find colonoscopic abnormalities in 60 % of the patients
and confirm TB histopathologically. However, colonoscopy is
still mandatory to obtain tissue for culturing the agent which is
very important for the diagnosis of intestinalTB.
The sensitivity of endoscopic biopsy ranges between 30
and 80 % and Bhargawa et al[14] suggested obtaining 8 to 10
biopsies for histology and 3 to 4 specimens for culture.
In patients with palpable abdominal masses, direct fine
needle aspiration cytology can also be applied[5]. This method
is not feasible in any of our patients because we could not
palpate these masses in any of them.
Laparoscopic pattern and biopsies obtained from the
peritoneum have been reported to be more helpful and that
this finding could be used even for treating patients with
abdominal TB without any histopathologic or bacteriologic
confirmation [15]. In the present study, laparoscopy was
performed in 4 patients and confirmed the diagnosis
histopathologically in 3 and macroscopically in one patient.
Thus, it appeared to be a highly sensitive diagnostic tool in all
selected patients. In a study of Lisehora et al[16], even mini
laparotomy was reported as the most sensitive and specific
diagnostic procedure in abdominal TB.
The diagnosis of abdominal TB classically requires
microbiological and culture confirmation of mycobacterium
tuberculosis, whereas, the diagnosis can be established
histopathologically in many studies[4,15]. Also in the current
study, the diagnosis could be reached histopathologically in
60.8 % of the patients. If the isolation of Mycobacterium
tuberculosis is accepted as “sine qua non” for this infectious
disease according to the postulates of Koch, histopathological
diagnosis can not be regarded as standard. However,
microbiological isolation of the agent is very rare for patients
with abdominal TB. It has remained under 50 % in all the
reported series. Isolation of bacilli in endoscopic biopsy
materials has been postulated as even to be zero[12,13]. It is known
that Mycobacterium tuberculosis can be occasionally isolated
in stool of persons with healthy conditions. Therefore special
decontamination techniques and BacTec technology must be
used for culture of this agent[17]. Interestingly, we could not be
able to confirm the existence of Mycobacterium tuberculosis
in any of our patients using Löwenstein medium that was said
to be the ideal culture medium for this bacterium. Even in
patients who were ARB positive in direct smear, culture in
Löwenstein was not positive; but we had culture positivity in
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two patients with BacTec technique. In a case report of Anand
and associates [17], PCR was used on endoscopic biopsy
specimens obtained from a patient with chronic diarrhea and
the result was found positive.
The isolation of Mycobacterium tuberculosis with BacTec
or PCR are promising methods for the future but even these
methods appear to be far from ideal since it is not enough for the
treatment of the disease because of the lack of culture. We think
that we have to refine our isolation procedures for the bacterium
and in every case of extrapulmonary TB, not only histopathological
but also microbiological confirmation should still be sought in
order to break the vicious circle of multidrug resistancy.
A past history of pulmonary TB or a family history of TB
is quite frequent in patients with abdominal TB[19] which is also
the case in our study. It is known that patients with multidrug
resistant organisms acquire the organisms through multiple
ineffective courses of treatment with various drugs[20]. Thus, it
can be concluded that most of the cases with abdominal TB
have a primary resistance to conventional chemotherapy.
The isolation of mycobacterium tuberculosis is also essential
for susceptibility tests which are now performed on every
patient with pulmonary TB because of the high incidence of
multidrug resistance (it has increased from 2 % to 9 % in the
past three decades)[20].
Based upon our clinical observation with abdominal TB,
we can stress on these patient with high resistance because of
the long course of the disease and because of frequency of
complications. If a better way of isolating the organism cannot
be found and if the resistance cannot be detected before starting
with the antituberculous treatment, the increase of new TB
cases will be inevitable. The problem of mutant strains could
also be expected in the future. It is known that two different
mutant strains can coexist in the same patient which further
complicates the resistance problem. Although the molecular
fingerprinting of mycobacterium tuberculosis may help to solve
these problems in some extent[21], these facts should be taken
into consideration for future directions in the diagnosis and
treatment of abdominal TB.

CONCLUSION
Neither clinical signs, laboratory, radiological and endoscopic
methods nor bacteriological and histopathological findings
provide a gold standard by themselves in the diagnosis of
abdominal TB. However, an algorithm of these diagnostic
methods leads to considerably higher precision in the diagnosis
of this insidious disease which primarily necessitate a clinical
awareness of this serious health problem.
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Abstract
AIM: To analyze factors predisposing to the infections
associated with severe acute pancreatitis (SAP) and to work
out ways for its prevention.
METHODS: Total 208 cases of SAP treated in this hospital
from Jan. 1980 to Dec. 2001 were retrospectively analyzed.
RESULTS: Statistical difference in the incidence of the
aforementioned infections was found between the following
pairs: between the groups of bloody or non-bloody ascites,
paralytic ileus lasting shorter or longer than 5 days, Ranson
scores lower or higher than 5, hematocrit lower or higher
than 45 %, CT Balthazar scores lower or higher than 7 and
between 1980.1-1992.6 or 1992.7-2001.12 admissions
(χ 2 >3.84, P<0.05), while no statistical difference was
established between the groups of biliogenic and non biliogenic pancreatitis, serum amylase <200 U/L and 200
2 mmol/L or groups
U/L, serum calcium <2 mmol /L and
of total parenteral nutrition shorter or longer than 7 days
(χ2<3.84, P>0.05).
CONCLUSION: Occurrence of infection in patients with
SAP is closely related with bloody ascites, paralytic ileus
5 days, Ranson scores 5, hematocrit 45 % and CT
Balthazar Scores 7, but not with pathogens, serum
calcium and total parenteral nutrition (TPN). Comprehensive
prevention of pancreatic infection and practice of
individualized therapy contribute to reducing the incidence
of infection.
Sun B, Li HL, Gao Y, Xu J, Jiang HC. Factors predisposing to
severe acute pancreatitis: evaluation and prevention. World J
Gastroenterol 2003; 9(5): 1102-1105

http://www.wjgnet.com/1007-9327/9/1102.htm

INTRODUCTION
Severe acute pancreatitis (SAP) characterized by atrocious
progression, multi-complications and unquenchable mortality
rate is a very dangerous acute abdomen[1-3]. SAP progresses in
two consecutive stages: the earlier stage marked by serious
physiological disorder and the later stage presenting with
necrosis and infection. The earlier-stage mortality mainly
caused by hypovolaemia, shock, adult respiratory distress
syndromes (ARDS) and cardiac or renal insufficiency has been

remarkably lowered as a result of the improvement on intensive
care for severe diseases in recent years, however the later-stage
mortality as a consequence of pancreatic or peri- pancreatic
infections and their complications is still above 50 %[4-6].
Though the primary choice for pancreatic infection was
surgery, surgical intervention can not obviously bring down
the formidable mortality, thus rendering it extremely valuable
to study the predisposing factors and to work out ways for
effective prevention.

MATERIALS AND METHODS
Clinical data
Total 208 SAP cases treated in this hospital since Jan. 1980 to
Dec. 2001 were selected, which consisted of 112 males and
96 females with an average age of 49 ranging from 18 to 82
years old. All the patients were diagnosed by clinical
presentations, biochemical findings and CT scanning on
pancreas according to the universal standard for SAP diagnosis
in China. Among these 208 cases, 68 were diagnosed as
secondary pancreatic infection and the other 114 noninfections. 94 cases admitted between Jan. 1980 and June. 1992
underwent operations in the earlier stage, while the other 114
cases between July 1992 and Dec. 2001 were treated by the
principle of “Individualized therapy”, which, with emphasis
on conservative management in the earlier stage, exploited
comprehensive individualized treatments to prevent secondary
pancreatic infection. Preventive measures include: (1) volume
supplementation, shock correction and protection against
multiple organ dysfunction syndrome (MODS); (2) improving
pancreatic micro-circulation; (3) decontamination of intestinal
tract to facilitate the recovery of gastrointestinal function; (4)
preventive prescription of antibiotics; (5) nutritional support;
(6) peritoneal lavage or drainage in case of retention with a
great amount of exudates in the abdominal cavity. The criteria
for diagnosis of pancreatic infection are: (1) body temperature
continuously 38.5 , white blood cell count (WBC)
20×10 9/L and signs of peritoneal irritation in more than 2
quadrants; (2) air bubbles in necrotic tissue of the pancreas by
enhanced CT scanning; (3) bacteria found by culture or smear
examination on fine needle aspirate.
Statistical analysis
All the data was analyzed by chi-square test.
RESULTS
Analysis of factors inducing pancreatic infection
Table 1 shows that statistical difference existed between the
groups of bloody and non-bloody ascites, paralytic ileus lasting
shorter or longer than 5 days, Ranson scores lower or higher
than 5, hematocrit lower or higher than 45 %, CT Balthazar
scores lower or higher than 7 and between 1980.1-1992.6 or
1992.7-2001.12 admissions (χ2>3.84, P<0.05), while no
statistical difference was found between the groups of
biliogenic and non - biliogenic pancreatitis, serum amylase
<200 U/L and 200 U/L, serum calcium < 2 mmol /L and
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2 mmol/L or groups of total parenteral nutrition shorter or
longer than 7 days (χ2 <3.84, P>0.05).
Table 1 Factors predisposing to infections associated with SAP
Incidence of infections
Factors

Total cases
cases

P values

%

χ2

7.58

<0.01

14.1

<0.01

3.96

<0.05

5.14

<0.05

4.33

<0.05

4.95

<0.05

2.77

>0.05

0.41

>0.05

2.45

>0.05

1.61

>0.05

Admission
1980.1-1992.6

94

40

42.6

1992.7-2001.12

114

28

24.6

156

40

25.6

52

28

53.8

150

43

28.7

58

25

43.1

144

40

27.8

64

28

43.8

128

35

27.3

80

33

41.2

138

38

27.5

70

30

42.9

Ascites
Non-bloody
Bloody
Paralytic ileus
<5 days
5 days
Ranson Scores
<5
5
Hematocrit
<45 %
45 %
CT Balthazar Scores
<7
7
Etiology
90

35

38.9

Non-biliogenic SAP 118

Biliogenic SAP

33

28.0

Serum amylase
<200 U/L
200 U/L

83

25

30.1

125

43

34.4

Serum calcium
<2 mmol/L
2 mmol/L

88

34

38.6

120

34

28.3

126

37

29.4

82

31

37.8

TPN
<7 days
7 days

DISCUSSION
More than 80 % of mortality in SAP is related with infection,
mainly the secondary infection in the tissues[7-9]. Secondary
pancreatic infections including infective pancreatic necrosis,
pancreatic abscess and infective pancreatic psudocyst are
responsible for more than 90 % of systematic infections and
predispose to acute injury of gastric mucosa, hemorrhage in
the abdominal cavity, fistula of digestive tract and multiple
organ failure. Baron et al deemed that the morbidity of
secondary infection was 30-70 %[10], while a morbidity of
32.7 % was demonstrated in this study. The mechanisms of
secondary infection have not been fully elucidated yet.
Gastrointestinal paralysis and edema of the intestinal mucosa
caused by pancreatic enzymes and many other bioactive and
toxic substances released in the acute stage give rise to disorder
and translocation of bacterial clusters as well as atrophy of the
intestinal mucosa lack of stimulus from food as a result of longterm (more than 1 week) gastric decompression. TPN impairs
the mononuclear phagocytic system and thus weakens the
intestinal immunity, which in turn promotes intestinal bacteria
translocation making secondary infection inevitable[11-13]. In our
experience the main cause of mortality in the later stage of
SAP (after 2 weeks) was pancreatic infection or multiple organ
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system failure (MOSF). To prevent secondary pancreatic
infection is essential to reducing the mortality of SAP.
Therefore it is of chief importance to understand the factors
related to pancreatic infection before any prevention is
undertaken against it[14,15].
Our data did not indicate obvious relationship between the
incidence of secondary infection and etiology of pancreatitis,
serum amylase, serum calcium and TPN. Biliogenic
pancreatitis is generally considered as a high risk factor to
pancreatic infection, since it is always accompanied by biliary
tract infection. However such consequence is not confirmed
by our data, which may be that the secondary infection of SAP
is mainly entero-genic. Whether TPN increases the incidence
of secondary infection is still controversial[16-18], but there is an
evidence that long-term central venous catheter deposit, tedious
intubating manipulation and improper nursing of catheter lead
to certain catheter-related infections, which are proved to give
priority to G- bacteria, whereas in our study, to G+ bacteria
instead. Accordingly, it may be concluded that TPN has no
marked relationship with infections caused by intestinal
bacteria translocation.
According to our data, bloody ascites, paralytic ileus 5
days, Ranson scores 5, hematocrit 45 % and CT Balthazar
scores 7 predispose to secondary pancreatic infection. Great
amount of bloody ascites indicating severe hemorrhage and
necrosis of the pancreas and dissemination of inflammatory
mediators throughout the abdominal cavity can not be absorbed
in most cases if not timely eliminated, and it acts as an important
initiator giving rise to or worsening the ongoing intra-peritoneal
infection. The relationship between pancreatic infection and
the extent of pancreatic or peri-pancreatic necrosis graded by
CT Balthazar scoring has been confirmed by many
investigations[19,20], but intestinal malfunction as an initiative
to bacteria translocation and pancreatic infection has been
ignored although the latter two are being investigated more
deeply, producing the concept of preventive prescription of
intra-intestinal antibiotics in view of pancreatic infection.
Recently, some traditional Chinese medical doctors, who have
achieved prominent efficacy using prescriptions emphasized
on Tungli (an acupoint) and purgation, found the earlier the
intestinal malfunction corrected, the lower the incidence of
secondary pancreatic infection in the later stage was, otherwise
the high incidence of both MOSF in the earlier stage and
secondary pancreatic infection in the later stage persists.
Ranson’s grading system as a standard to evaluate the severity
of acute pancreatitis and to determine its prognosis went into
practice in 1974 and has been proved efficient ever since by
both domestic and foreign researchers. In our study, the
coincidence of secondary infection with the Ranson’s score of
SAP was established.
Recently, some scholars pointed out that pachyhemia poses
threat in the earlier stage of SAP, as Hayakawa demonstrated
that apparent reduction of circulation volume and pachyhemia
existed in patients with SAP and suggested hemoglobin >150
g/L as a preliminary indicator to pachyhemia[21]. Baillargeon’s
study demonstrated that pachyhemia with hematocrit 47 %
at admission or HCT staying high in 24 hours after admission
points to SAP and helps evaluate the extent of pancreatic
necrosis and predict the onset of MOSF[22,23]. In this study,
hematocrit was obtained in the earlier stage of SAP before any
intervention, which precisely reflected the extent of
pachyhemia. Our data further demonstrated that pachyhemia
is closely related with secondary infection of SAP, but the
mechanism was unknown. We deem it may be that the
exudation of large amount of plasma from circulation into the
third space through the capillary bed with enhanced
permeability by activated pancreatic enzymes and other vasoactive substances produced by SAP results in systemic
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pachyhemia, elevated HCT count and deteriorated pancreatic
micro-circulation and eventually leads to pancreatic infection.
We also found that the incidence of pancreatic infection in the
group admitted in 1992-07/2001-12 was significantly lower
than that in the group of 1980-01/1992-06 admission. The
reasons were: (1) application of “individualized therapy” on
SAP; (2) adoption of comprehensive prevention against
secondary pancreatic infection. The patients admitted during
1980-01/1992-06 underwent operations in the earlier stage,
which as a matter of fact, not only aggravated the instability of
circulation in the earlier stage or even caused shock rather than
reduced the incidence of MOSF, but also destroyed the integrity
of the pancreas, hampered its self-healing process, gave rise
to further ischemia and necrosis after the operation and
rendered it a site vulnerable to bacteria translocation increasing
the incidence of pancreatic infection.
While in recent years, as to the patients admitted in 199207/2001-12 “Individualized therapy” was adopted, which with
emphasis on conservative management in the earlier stage
employs comprehensive individualized treatments to prevent
secondary pancreatic infection and alternates to surgical
operations if failed. Comprehensive preventions include: (1)
blood volume supplementation, shock correction and especially
preventions against multi-organ low perfusion injury and
MOSF in the earlier stage of SAP. Ischemia and anoxia are
responsible for pancreatic necrosis, damage to gastrointestinal
mucosal barrier, bacteria translocation and even malfunction
of the heart, the kidneys or the lungs; (2) to improve the
microcirculation: by decreasing the fragility of RBC and
lowering blood viscosity, the combined administration of
Dextran, Saliva miltorrhiza, Ca2+-blocker and large dosages
of dexamethason maintains hyperdynamic circulation, which
is efficient in oxygen transportation. Therefore, pancreatic and
systemic micro-circulation is protected and intracellular Ca2+
overload prevented, resulting in alleviated necrosis of the
pancreatic acinar, suppression of various imflammatory
mediators and lowered incidence of micro-thrombocytosis; (3)
intestinal decontamination to facilitate the recovery of
gastrointestinal function: traditional Chinese cathartic herbs
including castor oil and magnesium sulfate were early
administrated to achieve decontamination, which not only
decrease the population of intestinal bacteria but also promote
gastrointestinal peristalsis eliminating “dead cavities”.
Translocation of intestinal bacteria as the principal cause of
secondary infection is thus constrained. Moreover, physical
therapy targeted at the gastrointestinal tract is helpful for the
recovery of its function; (4) preventive administration of
antibiotics: the antibiotics against G- bacilli especially those
capable of passing through the blood-pancreas barrier such as
third generation cephalosporin, imipenem, tinidazole, etc are
effective, while other antibiotics such as first generation
cephalosporin, ampicillin, amikacin, etc have been proved
ineffective thus improper for prescription[24,25]. (5) nutritional
support: enough energy should be supplemented by means of
EN (enteral nutrition) or TPN (total parenteral nutrition) to
stop self burning, potentiate resistance against infection and
accelerate tissue healing[26]. Recent study shows that pure TPN
reduces the production of saliva, gastric juice, intestinal juice
and bile, which are essential to the integrity of gastrointestinal
barrier and function. Though a necessary part of the therapeutic
planning, single application of TPN can not reverse hypercatabolism in the earlier stage but together with fasting,
enhances the permeability of the intestinal mucosa. It is
suggested that TPN should give way to EN when the digestive
tract restore the ability to bear food load; (6) peritoneal lavage
and drainage of effusion[27]: Beger argued that severe intraperitoneal hyperbaric status might lead to the death of patients
with SAP[28,29]. When large amount of ascites develops in SAP
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patients, active peritoneal lavage or ultrasonic B or CT guided
drainage through a small abdominal incision should be
employed to eliminate activated inflammatory mediators and
toxic peritoneal exudates, so that toxin intake and intraperitoneal hyperbaric status can be alleviated. By these
measures certain cases, on which conservative treatment is
ineffective, avoid the operations aimed at establishing peripancreatic drainage in the earlier stage and the incidence of
secondary pancreatic infection is thus reduced.
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Abstract
AIM: To determine the prevalence of nonalcoholic fatty liver
in a specific population in Shanghai by an epidemiological
survey, and to analyze risk factors of fatty liver.
METHODS: Total 4009 administrative officers who denied
regular alcohol drinking participated in the survey, and
underwent physical examination and laboratory tests. The
important parameters were body mass index (BMI), waist
hip circumferences ratio (WHR) and levels of serum lipids.
Diagnosis of fatty liver was based on established real-time
ultrasonographic criteria, the presence of an ultrasonographic
pattern consistent with “bright liver”, with evident
ultrasonographic contrast between hepatic and renal
parenchyma, vessel blurring, and narrowing of the lumen of
the hepatic veins. Analysis of data was performed through
SPSS for Windows statistical package.
RESULTS: The overall prevalence of fatty liver was 12.9 %,
15.8 % in males and 7.5 % in females, and the prevalence
of fatty liver in males younger than 50 years old, was
significantly higher (13.3 %) than that of in females (2.7 %).
But the difference between the sexes became less significant
in people older than 50 years (19.1 % vs 18.1 %). The
prevalence of fatty liver was increased with age; this was
markedly presented in females younger than 50 years.
Multiple variant regression analysis demonstrated that the
prevalence of fatty liver was positively correlated to several
risk factors, including male, aging (>50yr), hyperlipidemia,
impaired glucose tolerance/diabetes mellitus, hypertension
and overweight/obesity.
CONCLUSION: There is a high prevalence of nonalcoholic
fatty liver among certain population in Shanghai, to which
overweight and hyperlipidemia are closely relevant.
Shen L, Fan JG, Shao Y, Zeng MD, Wang JR, Luo GH, Li JQ,
Chen SY. Prevalence of nonalcoholic fatty liver among
administrative officers in Shanghai: an epidemiological survey.
World J Gastroenterol 2003; 9(5): 1106-1110
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INTRODUCTION
Fatty liver has increasingly been recognized as an important

and common form of chronic liver disease over the past 20
years[1]. Fatty liver consists the intrahepatic accumulation of
lipids. It is the commonest liver disease, accounting for
abnormal liver function tests in the majority of asymptomatic
subjects[2]. Although generally unprogressive, fatty liver is an
important precursor to the development of fibrosis in
aetiologically diverse conditions such as hepatitis C, and
alcoholic and nonalcoholic liver disease[3]. Furthermore, it has
the potential to lead to end-stage liver failure [4] via
steatohepatitis from lipid peroxidation, even in the nonalcohol
drinker, an entity that is being studied with growing interest in
the affluent society[5]. Fatty liver is an increasingly common
problem worldwide and has been reported in Japan [6,7],
Australia[8], America[4,9], Europe[10,11], and the Middle East[12],
although geographic variations in prevalence are evident.
Along with the steady improvement of living level and wide
use of ultrasonography, the number of patients with diagnosis
of fatty liver is increasing in China recently. The objective of
this study was to determine the prevalence of fatty liver in a
specific population in Shanghai by epidemiological survey,
and analysis of its risk factors.

MATERIALS AND METHODS
Study participants (demographics)
A total of 4375 administrative officers, who took part in annual
regular physical examination from September 1 to November
30 in 1999 (in Renji Hospital and Central Hospital of Putuo
District in Shanghai) were recruited. Complete laboratory data
were obtained from 4009 participants, who denied regular
alcohol drinking and included in this study. 2583 were males
and 1426 females. The mean age of participants was 46±14
years with ranged was 20-81 years.
Methods of examination
For each participant, an extensive medical history was obtained
that included alcohol intake, history of chronic liver disease in
first-degree relatives; a detailed history of viral hepatitis,
gallstone disease and drug abuse; previous diagnosis of
diabetes, hypertension and coronary heart disease.
Each participant also underwent a detailed physical
examination, including of measurement of body weight, height,
waist and hip circumferences. The body mass index (BMI)
was calculated as: body weight in kg/(height in meter)2.The
waist hip circumferences ratio (WHR) was calculated by
dividing waist girth (halfway between the lower costal margin
and the iliac crest in the mid expiratory phase of breathing
while the subject was standing) by hip girth (maximum
circumference around the buttocks) previously measured while
the subject was wearing light underwear.
Laboratory tests included routine blood and urine analysis,
serum alanine aminotransferase (ALT), total cholesterol (Tch),
triglycerine (TG), low-density lipoprotein cholesterol (LDLCh), high-density-lipoprotein cholesterol (HDL-Ch), plasma
glucose levels, hepatitis B surface antigen (HBsAg), routine
chest fluorography, electrocardiography and optic fundus
examination.
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Ultrasonographic examination of liver and gallbladder was
performed by two experienced ultrasonographers, using the
Simens Sonoline-SI450 unit with 3.5MHz probe. Fatty liver was
defined as the presence of an ultrasonographic pattern consistent
with “bright liver,” with evident ultrasonographic contrast
between hepatic and renal parenchyma, vessel blurring, and
narrowing of the lumen of the hepatic veins in the absence of
findings suggestive of chronic liver disease[13,14].

Statistical analysis
All statistical analysis was processed by Clinical Epidemiological
Network in Zhongshan Hospital, Fudan University with
Software SPSS. Statistical analysis was performed by using the
SPSS statistical package, version 7.1(SPSS, Inc.). The following
tests were applied, unpaired Student’s t-test, chi-squared test
with Fisher’s exact test, analysis of variance, and logistic
regression analysis (LRA). Rejection of the null hypothesis was
set at P<0.05. Analysis of data was performed through SPSS
for Windows statistical package.
RESULTS
Body-mass index (BMI)
The mean BMI was 22.93±2.82. Among them 31.6 % had
BMI>24, which were considered as overweight, 53.3 % had
BMI between 20-24; and 15.1 % had BMI<20.
Waist-hip-circumference ratio (WHR)
The mean value of WHR was 0.83±0.06. Among them 2.78 %
had WHR >0.94, 21.1 % had WHR between 0.88-0.94 and
76.2 % had WHR<0.88.
Blood lipids
The mean TG was 115.9±84.6 mg/dl (1.31±0.95 mmol/L),
Tch 189.0±56.7 mg/dl (4.89±1.47 mmol/L). Among them
627 had hypertriglycerinemia only; 282 participants had
hypercholestrolemia only and 256 participants had mixed
hyperlipidemia. Thus, the prevalence of hyperlipidemia among
participants was 28.9 %. Each patient was classified into the
following four previously defined hyperlipidemia phenotypes
according to 12-hr fasting plasma lipid levels: hypertriglycemia
( 150 mg/dl, 1.7 mmol/L), hypercholesterinamia ( 220 mg/
dl, 5.7 mmol/L), mixed hyperlipidemia and normal blood lipids.
Blood glucose, liver function and HBsAg
Among participants 86 (2.2 %) suffered from impaired glucose
tolerance, 93 (2.3 %) had diabetes mellitus (DM); 59 (1.5 %)
suffered from increased ALT, and 257 (6.4 %) were HBsAg
positive.
Fatty liver and cholelithiasis
Fatty liver was detected with ultrasound examination in 516
participants (12.9 %); cholesterol crystal in gallbladder was
detected in 54 persons (1.3 %), Gallstone or cholecystoectomy
was noted in 358 participants (8.9 %).
Influence of sex and aging on parameters
In this study, the mean age of male participants (47.3±14.7
years) was older than the female participants (43.4±23.5 years,
P<0.01). BMI, WHR, serum level of TG and glucose in male
group was significantly higher than those in female group.
Levels of serum Tch and LDL -Ch were similar in both groups
(Table 1).
As presented in Table 2, there are more participants with
increased ALT, positive HBsAg and arteriosclerosis of optic
fudus in male group. Prevalence of DM, coronary artery
disease, hypertension and fatty liver are significantly higher
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in male group than those in female group; but the prevalence
of cholelithiasis is similar in both groups.
Table 3 shows sex and age related change of hyperlipidemia.
In participants younger than 50 years old, more cases of
hypertriglycernemia are detected, whereas participants older
than 50 years older, prevalence of hypercholesterolemia
increase significantly, especially in females. In whole group
the prevalence of three hyperlipidemia types increase
significantly with aging.
Among females younger than 50 years old, the prevalence
of hyperlipidemia is lower than that among males. After 50
years of age this prevalence was significantly higher than in
males.
As in showed the Table 4, the prevalence of fatty liver
increased with aging, which is markedly presented in females
younger than 50 years. The prevalence of fatty liver in males
younger than 50 years is significantly higher (13.3 %) than
that in females (2.7 %). In participants older than 50 years, no
significant difference of prevalence of fatty liver is noted
between males and females (19.1 % vs 18.1 %).
Table 1 Obesity indices and lipid parameters in males and
females
Parameters

Male

BMI
WHR
TG(mg/dl)
TCh(mg/dl)
HDL-Ch(mg/dl)
LDL-Ch(mg/dl)

Female

23.5±2.7
0.86±0.05
126.3±87.7
188.8±56.7
81.4±75.4
143.1±166.0

21.5±2.6
0.79±0.06
97.2±75.2
189.3±56.6
84.4±57.0
133.5±153.7

P value
<0.001
<0.001
<0.001
>0.05
>0.05
>0.05

Table 2 Difference of prevalences of several diseases in males
and females
Diseases
Abnormal ALT
Positive HBsAg
Arteriosclerosis of optic fundus
Diabetes mellitus
Coronary artery disease
Hypertension
Gallstone
Fatty liver

Male%

Female%

P value

2.1
7.3
13.4
5.1
3.5
15.3
8.9
15.8

0.35
4.8
6.3
3.3
2.3
8.2
8.9
7.5

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
>0.05
<0.001

Table 3 Relation between hyperlipidemia and age in males
and females
Age
(yr)

Sex

<30

Male

314

11.6

1.5

1.2

14.3

Female

257

1.1

2.7

0.7

4.5

n

Hypertriglyc Hyperchole
Mixed Sum%
erinemia % sterolemia% hyperlipide
mia%

Total

571

6.9

2.1

1.0

9.0

30-50 Male

1202

17.3

3.9

4.9

26.1

726

4.5

4.9

1.3

10.7

Total

Female

1928

12.5

4.3

3.6

20.3

51-64 Male

702

22.6

6.9

9.2

38.7

324

16.9

18.5

17.5

52.9

Total

1026

20.8

10.6

11.8

43.2

65 Male

365

28.5

12.9

11.3

52.7

Female

119

24.2

25.0

14.3

63.5

Total

484

27.4

27.4

12.0

55.4

Female

1108

ISSN 1007-9327

CN 14-1219/ R

Table 4 Prevalence of fatty liver in groups of different sex and
ages
Age(years)

Sex

<30

Males
Females
Total
Males
Females
Total
Males
Females
Total
Males
Females
Total

30-50

51-64

65

Number

Fatty liver n%

314
257
571
1202
726
1928
702
324
1026
365
119
484

11 (6.4)
2 ( 1.6)
13 (2.3)
190 ( 20.7)
25 ( 5.4 )
215 ( 11.2)
125 (17.9)
57 (19.7)
182 (17.7)
83 ( 22.7)
23 ( 19.3)
106 (21.9)

Table 5 Obesity indices and lipid parameters in groups with
and without fatty liver
Age
(years)

BMI
(kg/m2)

WHR

TG
(mg/dl)

TCh
(mg/dl)

44.6±14.3

22.2±2.4

0.8±0.1

105.0±78.4

186.2±59.5

52.3±13.0

26.0±2.4

0.9±0.1

168.6±93.4

202.2±37.7

Table 6 Results of monovariant regression analysis of fatty
liver and various parameters
Parameters

B value

βvalue

T value

P value

Sex

0.038

0.063

2.59

0.0000

Age

0.53

0.062

2.79

0.0018

BMI

0.073

0.522

23.89

0.0000

Waist circumference
WHR

0.010
0.782

0.216
0.129

5.87
4.96

0.0000
0.0000

TG

0.000

0.084

3.08

0.0021

TCh

-0.0000

-0.079

-3.12

0.0016

HDL-Ch

-0.000

-0.047

-2.17

0.0300

LDL-Ch

-0.000

0.332

2.61

0.0092

Hyperlipidemia
Arteriosclerosis

0.094
0.062

0.160
0.087

7.27
3.59

0.0000
0.0000

Hypertension

0.068

0.099

4.45

0.0000

Diabetes mellitus

0.149

0.130

3.42

0.0000

Coronary heart disease 0.142

0.067

3.14

0.0018

Abnormal ALT

0.156

0.069

3.24

0.0012

Positive HBsAg

-0.09

0.063

-3.02

0.0026

May 15, 2003 Volume 9 Number 5

Table 7 Results of Logistic multivariant regression analysis
B

SE

Wald

WHR

2.2

0.19

139.2

Abnormal ALT

1.3

0.26

27.0
0.00

0.15

2.4

BMI 0.90.15

In this survey 516 patients (12.9 %) with fatty liver were
detected by ultrasonography. The age, BMI, WHR, levels of
serum TG and Tch of patients with fatty liver were significantly
higher than participants without fatty liver (3493 persons). The
details were presented in Table 5. The results of monovariant
regression analysis of relation between prevalence of fatty liver
and other factors was presented in Table 6. Prevalence of fatty
liver was associated with several parameters, including sex,
BMI, and WHR.
Stepwise logistic multivariant regression analysis of
relationship between prevalence of fatty liver and other
parameters demonstrated that 9 parameters were closely related
with prevalence of fatty liver. As presented in order of
importance, these were WHR, increased ALT, BMI, and
hypertension, DM and impaired glucose tolerance,
hyperlipidemia, male sex and arteriosclerosis of optic fundus.

Group without
fatty liver
Group with
fatty liver

World J Gastroenterol

35.3

1

df

Sig

R

Exp(B)

1

0.00

0.30

9.1

1

0.00

0.08

3.8

Positive HBsAg -0.7

0.24

9.3

1

0.00

-0.04

0.05

Hyperlipidemia 0.6

0.06

99.9

1

0.00

0.16

1.8

Diabetes mellitus 0.5

0.11

21.5

1

0.00

0.07

1.7

Hyperlipidemia 0.4

0.05

81.0

1

0.00

0.15

1.5

Sex

0.4

0.05

55.1

1

0.00

0.12

1.5

Arteriosclerosis

0.2

0.09

6.8

1

0.01

0.04

1.3

DISCUSSION
The natural history of fatty liver ranges from asymptomatic
indolent to end stage liver disease. Diagnosis of nonalcoholic
fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH)
may involve ultrasonography, liver biopsy and recognition of
related condition[1]. Fatty liver is a common disease of liver
without specific clinical features and lack of confirmatory
laboratory tests[15-17]. In patients undergoing liver biopsy, the
prevalence of NAFL ranges between 15 % and 39 %[18]. This
wide range in the prevalence of NAFL is probably related to
differences in the study design. Because patients undergoing
liver biopsy were highly selected, these data might not reflect
the true prevalence of NAFL in the general population.
Therefore, current best estimates make the prevalence of NAFL
approximately 20 % and of NASH 2-3 % in the general
population[18].
While it could be argued that in the absence of histology
this figure may not reflect the true prevalence of fatty
infiltration, previous studies in which ultrasound findings were
compared to histologic results indicate that the overall
sensitivity and specificity of ultrasound examinations for the
diagnosis of fatty liver are approximately 80-95 % and 9095 % respectively[13,19-21]. In the present study, the prevalence
of NAFL was 15.8 % in males and 7.5 % in females according
to ultrasonic criteria of diagnosis for fatty liver.
This study was limited in survey of the administrative
officers in two districts of Shanghai. Nevertheless, these
participants were representatives of the health status of
administrative officers. In comparison with general population,
participants of this study had better living condition and less
physical exercises. The results of this study showed higher
prevalence of hyperlipidemia and fatty liver in participants
than those in general population in Shanghai.
Several authors suggested that fatty liver should be included
in “metabolic syndrome”[2,14,22]. Evidence for this hypothesis
derives, in our opinion, from epidemiology, metabolism, and
experimental pathology. The results of this survey showed that
overweight was detected in 31.6 % of participants and
hyperlipidemia in 28.8 %, and the prevalence of fatty liver
was 12.9 %. The prevalence of DM, hypertension and coronary
heart disease was 4.5 %, 12.8 % and 3.1 % respectively,
suggesting that overweight and associated diseases are
becoming common diseases among administrative officers in
Shanghai.
Hyperlipidemia is considered as a risk factor for fatty
infiltration of the liver[23,24]. The pathogenesis of nonalcoholic
steatohepatitis is poorly understood, but lipid peroxidation and
oxidative stress are the leading culprits[16, 25]. Diabetes and
hypertriglyceridemia were the two states predictive of fatty liver
that is consistent with the presence of insulin resistance[23]. NAFL
correlates significantly with both anthropometrical data BMI,
WHR and with abdominal fat[26]. In clinical practice BMI over
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24 used as diagnostic criteria for overweight in China.
In this study, both monovariant and multivariant regression
analysis demonstrated a close correlation between BMI and
fatty liver. High WHR suggests increased abdominal fatty
tissue, which is a strong predictive factor for DM and other
metabolism abnormalities[27-30]. Increased WHR is considered
as the most important risk factor for fatty liver. The
development of fatty liver may be a result of transportation of
the abnormal fatty tissue into the liver[23,31,32]. BMI was found
to be an independent predictor of fatty liver in either sex[33].
Both monovariant and multi variant regression analysis
revealed that hypertension is correlated with fatty liver. The
relation between fatty liver and impaired glucose tolerance,
DM and hyperlipidemia has been well established[34-43], and
was confirmed again in this study. Fatty liver could be genderrelated [33]. The results of this study showed that in male
participants younger than 50 years old, the prevalence of three
types of hyperlipidemia and fatty liver were markedly higher
than those in females. In participants older than 50 years old
the prevalence were similar in males and females. This result
suggested that female hormones might have favorable effects
on lipid metabolism in liver. Monovariant analysis showed
that many factors were correlated with prevalence of fatty liver.
However, logistic multivariant regression analysis
demonstrated that only nine parameters were closely correlated
with fatty liver.
In majority of patients with fatty liver, the hepatic function
is normal, therefore determination of ALT can not reflect the
content of fat retention in liver[7,44]. Results of this study showed
negative correlation between positive HBsAg and fatty liver,
which might explain that chronic hepatitis B infection would
not induce the development of fatty liver. The sensibility by
liver function tests to detect fatty liver was inferior to that of
BMI[7]. But hepatitis C may be linked to hepatic steatosis[45-47].
This epidemiological survey demonstrated that fatty liver
is a common disease among administrative officers in Shanghai.
Overweight, hyperlipidemia, and DM are high risk factors for
fatty liver. It is clear that NAFL is a chronic liver disease with
the potential for progression to cirrhosis and to cause liver-related
death[48,50]. Although ultrasonography provides the prevalence
of NAFL, it can not delineate the different histologic form of
NAFL[18]. If it is clinically indicated, a liver biopsy to assess the
degree of inflammation and fibrosis should be performed during
follow-up [10] . To reduce the incidence of fatty liver,
comprehensive measures are necessary [32,51-53].
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Abstract
AIM: To compare the efficiency of different plasmids as
DNA vectors by cloning three HBsAg-encoded genes into
two eukaryotic expression vectors, pRc/CMV and pSG5UTPL/
Flag, and to express HBsAg S, MS, and LS proteins in SP2/
0 cells, and to establish monoclone SP2/0 cell strains that
are capable of expressing S or S2S proteins stably.
METHODS: Segments of S, preS2-S, preS1-preS2-S genes
of Hepatitis B virus were amplified by routine PCR and preS1S fragment was amplified by Over-Lap Extension PCR. The
amplified segments were cleaved with restricted
endonuclease Hind III/Not I followed by ligation with pRc/
CMV, or BamHI/EcoR I followed by ligation with pSG5UTPL/
Flag. After the plasmid vectors were cleaved with the
correspond enzymes, the amplified segments were inserted
into pRc/CMV or pSG5UTPL/Flag plasmid vectors with T4
DNA ligase. KOZAK sequence was added before the initial
ATG code of each fragment using specific primer. The
inserted segments in the recombinant plasmids were
sequenced after subcloning. BALB/c mice myeloma cells
(SP2/0 cell line) were transfected with the recombinant
plasmids. The expressions of the different recombinants were
Compared by Western-blot, using a monoclonal anti-HBs
antibody as the primary antibody and peroxidase-labeled
multi-linker as the secondary. Stable SP2/0-pRc/CMV-S or
SP2/0- pRc/CMV-MS clones were established through clone
screening with G418.
RESULTS: Fragments with anticipated size were harvested
after PCR. After recombination and screening, the sequences
of the inserted segments in the recombinants were confirmed
to be S, preS2S, preS1-preS2S and preS1S encoding genes,
determined by sequencing. The results of Western-blot
hybridization were positive for the anticipated proteins.
Among them, pRc/CMV-S or pRc/CMV-MS demonstrated the
highest expressing their respective antigen.
CONCLUSION: Eight recombinant plasmids expressing S,

M, L or preS1S proteins are obtained. For hepatitis surface
antigen expression in eukaryotic cells, the vector pRc/CMV
is superior to pSG5UTPL/Flag, and pRc/CMV-S and pRc/CMVMS are the most efficient in the pRc/CMV clones. SP2/0
cells stably expressing HBsAg are established, and may be
used as target cells for evaluating the CTL activity of a DNA
vaccine in vitro.
Qin S, Tang H, Zhao LS, Lin Y, Liu L, He XM. Cloning of
HBsAg-encoded genes in different vectors and their
expression in eukaryotic cells. World J Gastroenterol 2003;
9(5): 1111-1113
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INTRODUCTION
Hepatitis B virus (HBV) infection is epidemic worldwide[1-3].
Unfortunately, there are no satisfactory drugs to cure HBVrelated diseases, and the only way to control the epidemic is
through vaccination [4-6]. Great efforts have been made to
develop more successful vaccines than those currently available
to prevent or to treat HBV infection. The newest approach is
genetic immunization. This involves the transfer of a viral gene
into host somatic cells by a plasmid vector, with subsequent
endogenous production and intracellular processing of the
virus’ structural proteins into small peptides. The processed
peptides eventually induce a broad-based immune response[7-11].
Hepatitis B virus surface antigen consists of S (S, small surface),
MS (medium surface, S+preS 2), and LS (large surface,
S+preS1+preS2) HBsAg molecules. We have reported that DNA
vaccine expressing HBsAg S molecule induced humoral and
cellular immune responses against HBsAg[12,13]. Because the
preS antigen is necessary for HBV to penetrate the cell
membrane of the host, vaccines containing the preS antigen
are more effective. Hence, we constructed a series of plasmids
encoding small (S), medium (M), or large (L) envelope proteins
of HBsAg utilizing different promoters. In addition, the
expression levels of these recombinant plasmids were
evaluated, in order to choose a better vector for designing future
DNA vaccines.
MATERIALS AND METHODS
Gene fragments expressing S, MS, LS, and preS1S proteins
Plasmid pBHB4 (containing the adr subtype of HBV genome
DNA) was used as a template to amplify S, preS2 and preS1
fragments. The following primers were used: the forward
primers: SF (nt 28-41), 5’- GCG AAT TCT AGC TTA TCG
ATC ACC ATG GAG AAC ACA AC, complementary to the S
gene; S2F (nt 3077-3090), 5’- GCG AAT TCA AGC TTA TCG
ATC ACC ATG CAG TGG AAC ACA TC, complementary to
the preS2 gene; and S1F (nt 2179-2733), 5’- GCG AAT TCA
AGC TTA TCG ATC ACC ATG GGA GGT TGG TC,
complementary to the preS1 gene. The same reverse primer
was used for all reactions: SR (nt 705-693): GCG CGG CCG
CTT AGG ATC CAA TCG ATA CCC AA. The primers contain
a flanking sequence having endonuclease enzyme sequence
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for the convenience of clone manipulation.
To obtain a unique fragment containing the S and preS1
gene, overlap extension PCR was used. The forward primer
(S1-SF) is complementary to the beginning of the S gene and
to the end of preS1 gene, while the reverse primer (S-S1R) is
complementary to the end of the preS1 gene and the beginning
of the S gene (Figure 1). Using pBHB4 as a template, and the
S1-SF/SR and S1F/S-S1R primers, the resultant PCR product
contained the 3’ end of preS1 gene followed by the complete S
gene sequences that the two PCR fragments contained
complementary ends. When these fragments were consequently
used as templates and S1F/SR primers, only the preS1-S was
amplified.
S1-SF (5’)

CAT CCT CAG GCC ATG GAG AAC ACA
preS1 (nt3065-3076)
S(nt28-39)

S-S1R (5’)

TGT GTT CTC CAT GGC CTG AGG ATG
S(nt39-28)
preS1(nt3076-3065)

Figure 1 Primers designed for Overlap-Extension PCR.

Recombinant plasmids construction
The PCR fragments and plasmid vector pRc/CMV (containing
the CMV promoter, Invitrogen, USA) were cleaved by HindIII/
NotI (Bio-Lab, USA), while the PCR fragments and plasmid
vector pSG5UTPL/Flag (containing SV40 promoter) were
cleaved by BamHI/EcoR I (Bio-Lab, USA). The cleaved
products were ligated using T4 DNA ligase. E.coli XLBlue1
was transformed using the ligated products and screened for
the positive clones containing the inserted fragments, which
was performed by colony-PCR techniques. The positive
colonies were amplified, extracted, purified, and identified by
endo-nuclease cleavage. The sequences of the inserted
fragments were confirmed by sequencing with Nucleic Acid
Auto-Analysis (TYPE 373A).
Transient expression in vitro
The extracted recombinant plasmids were purified by CsCl/
ethidium bromide equilibrium centrifugation. SP2/0 cells
(myeloma cells from inbred BALB/c mice) were transfected
with purified plasmids by an amended calcium chloride
method as described elsewhere[14]. Two days later, the cells
were collected in LAC buffer (20 mmol·L-1 Hepes pH 7.9,
400 mmol·L-1 NaCl, 1 mmol·L-1 EDTA, 9 mmol·L-1 CHAPS,
250 ml·L-1 glycerol) containing 1/200V 0.5 mol·L-1 DTT,
2.5 mmol·L-1 EDTA, 5 g·L-1 Apotinine, 5 g·L-1 Leupetine and
0.2 mol·L-1 PMSF, and lysed by sonication (Ubra-Cell, Sonics
& Materials, USA). Supernatants were collected and analyzed
as follows: proteins were separated by 120 g·L -1 SDSpolyacrylamide gel, electrophoresis, and transferred to PVDF
membranes (Millipore, USA), followed by blocking for 2 h in
PBS containing 50 g·L-1 nonfat dry-milk at room temperature.
To detect HBsAg, the membranes were first incubated with
mono-clone anti-HBs antibody (BioGenex, USA) at 1:1 000
dilution and conjugated antibodies were detected with
horseradish peroxidase-labeled multi-linker antibodies
(BioGenex, USA) at a dilution of 1:300. The blots were
visualized by chemiluminescence reactions (Luminol and
Iodophenol, Fluka).
Long-term transfected cell strains
After the transient in vitro expression, the plasmids
demonstrating a high level of expression were chosen to
permanently transfect SP2/0 cells. After 2 d of transfection,
fresh cultural medium containing 200 mg·L-1 G418 (at this
concentration, there were no viable SP2/0 cells after 2 w in
preliminary studies) was added in order to grow the cells under
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G418 pressure. The media was refreshed every 3 to 5 d. 2w
later, cells forming colonies were chosen using a light
microscope, and subcultured under G418 pressure. After 30
generations, the DNA was extracted following the protocols
described elsewhere[15] and detected the HBV S gene by dotblot hybridization (Dig-probe of HBV S was prepared in our
laboratory, Dig-labeling Kit from Roche Company). HBsAg
in the culture media and supernatant of cell lyses were detected
by ELISA (Kits from SABC), HBsAg in the cells by
immunochemistry. Presence of the plasmid was detected by
in situ hybridization with the corresponding probe (labeled in
our laboratory, Dig-label kit from Roche Company). The cells
containing the HBV S gene and the HBsAg were chosen as
long-term expression cell strains and stored in liquid nitrogen
for further use as the target cells for evaluation of CTL activity
after DNA immunization.

RESULTS
Construction of recombinant plasmids
DNA fragments of 0.72kb, 0.88kb, and 1.24kb were generated
by PCR methods (pBHB4 template and SF/SR, S2F/SR, S1F/
SR primers). The length of these fragments corresponded to
the length of S, MS, and LS genes. When the PCR product
primed by S1F/S-S1R and S1-SF/SR was used as templates
(overlap extension PCR), a 1.02kb DNA fragment, equal to
the length of preS1S was obtained. After cleavage by Hind III/
Not I, S, MS, LS and preS1S genes were inserted into a multiple
cloning site downstream of the CMV promoter in pRc/CMV,
while the fragments cleaved by Bam HI/EcoR I were inserted
into multiple cloning site downstream of the SV40 promoter
in pSG5UTPL/Flag. E.Coli. XLBlue1 cells were transformed
separately with the series 8 recombinant plasmids, and cultured
in LB containing ampicillin. PCR was performed on colonies,
and 0.72kb, 0.88kb, 1.24kb, and 1.02kb fragments were
obtained. When these PCR products were cleaved by restriction
enzymes Hind III/Not I (pRc/CMV as vector) or Bam HI/EcoRI
(pSG5UTPL/Flag as vector), the anticipated DNA bands were
obtained. We have constructed CMV promoter controlled
recombinant plasmids: pCMV-S, pCMV-MS, pCMV-LS,
pCMV-S 1S; and SV40 promoter controlled recombinant
plasmids: pSG5Flag-S, pSG5Flag-MS, pSG5Flag-LS,
pSG5Flag-S 1S. KOZAK sequences (CACC) were placed
before the initiation code of all recombinant plasmids to enhance
the efficiency of protein expression. The sequences of the
inserted fragments of all 8 plasmids were identical to HBV-S,
MS, LS and preS1S genes, confirmed by following sequencing.
Transient expression
After SP2/0 cells were transfected with recombinant plasmids
above, the supernatants of lysed cells were run on SDS-PAGE
and Western-Blot, all were positive for the anticipated bands,
while the SP2/0 cells not transfected with the recombinants
were negative for any HBsAg antigen. Among them, pRc/
CMV-S and pRc/CMV-S2S demonstrated the highest
expression.
Construction of long-term expression cell strains
pRc/CMV-S and pRc/CMV-S2S were used to transfect SP2/0
cells. The transfected cells grew in clusters under the selection
pressure of G418. After 2 mo, 10 strains of SP2/0-pRc/CMVS and 16 strains of SP2/0-pRc/CMV-S2S continued to grow
well in G418-containing medium, while SP2/0 cells not
transfected with recombinant plamid died within 2 wk. Of the
G418 resistant monoclone cells, 3 strains of SP2/0-pRc/CMVS and 4 strains of SP2/0-pRc/CMV-S2S were positive for
HBsAg in the supernatants of sonicated cells. The HBsAg was
detected by ELISA. They were also positive for the protein
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bands when detected by Western-Blot. Cytosolic HBsAg was
detected by immunochemistry. The 7 cell strains above were
also positive for pRc/CMV-S or pRc/CMV-S2S when detected
by in situ hybridization.
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DISCUSSION
DNA immunization involves the recombination of the genes
of interest with the selected eukaryotic expression plasmid/
vector and the transfer of the recombinant plasmid into muscle
or skin cells of the host, with a subsequent induction of specific
immune responses[16-20]. DNA immunization is attractive for
its advantages over traditional vaccines, and is discussed in
elsewhere[21-24]. We have reported that HBV DNA vaccine NVHB/s could express HBsAg in muscle cells after injecting into
mouse muscle, followed by the induction of an immune
response, including the switchover of anti-HBs production in
peripheral blood[12,13].
HBsAg-encoded genes include S, preS1, and preS2. All the
proteins expressed by these genes are antigenic. The elicited
response is strongest with preS1 and preS2. The titer of preS
antibody in rabbits immunized with preS protein is 400 times
greater than that of S antibody in rabbits immunized with S
protein. In addition, some mice are non-responsive to S protein
of HBV, which is determined by an allele of H2 gene. Vaccines
containing HBV preS1 and/or preS2 antigen may alter this
inherited non-responsive state, inducing anti-HBs in mice
which were previously immunized with vaccines only
containing S. Moreover, preS proteins are necessary in order
for HBV to infect hepatocytes. preS 1 protein can bind
hepatocytes specifically while preS2 can bind hepatocytes
through PHSA (polymerase human serum albumin). Because
of the importance of HBV preS proteins, we constructed
plasmids, which can be used for DNA vaccines containing the
preS1 and/or preS2 genes. Several plasmids were constructed
by different promoters in order to compare their expression
proficiency. All these recombinant plasmids demonstrated
expression in SP2/0 cells, while the vector pRc/CMV was the
most effective, with the highest expression demonstrated as
pRc/CMV-S and pRc/CMV-S2S. pRc/CMV-S and pRc/CMVS2S may be used as good candidates for DNA immunization.
Their efficacy in inducing immune responses is still in
experimental process.
Long-term expression cell strains transfected with pRc/
CMV-S or pRc/CMV-S2S were established in our experiment
through selection with G418 more than 30 generations. The
cell lines SP2/0-pRc/CMV-S and SP2/0-pRc/CMV-S2S can
express HBsAg S protein or S2S protein effectively and may
be used as target cells for CTL test in the study of DNA
immunization for HBV in the near future.
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Abstract
AIM: To assess the accuracy of three-dimensional contrastenhanced magnetic resonance angiography (3D CE MRA) in
evaluation of the portal vein involvement in patients with
hepatic tumors.
METHODS: 3D CE MRA was performed in 62 patients with
hepatic tumors to assess the patency of the main, right and
left portal veins before hepatic surgery. A total of 186 veins
were examined for encasement, occlusion and tumor
thrombosis. The results of 3D CE MRA diagnosis were then
correlated with the surgical-pathological and intra-operative
sonographic findings.
RESULTS: 3D CE MRA correctly detected 48 of 49 involved
and 135 of 137 noninvolved portal veins with the sensitivity
of 98 %, specificity of 99 %, positive predictive value of
96 % and negative predictive value of 99 %.
CONCLUSION: 3D CE MRA is accurate in evaluation of the
portal vein involvement in patients with hepatic tumors.
Lin J, Zhou KR, Chen ZW, Wang JH, Wu ZQ, Fan J. Threedimensional contrast-enhanced MR angiography in diagnosis
of portal vein involvement by hepatic tumors. World J
Gastroenterol 2003; 9(5): 1114-1118
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INTRODUCTION
Evaluation of the patency of the portal vein (PV) is essential
before surgical resection of hepatic tumors. There are
advantages and limitations to the conventional methods for
PV imaging. Ultrasound (US) is noninvasive and relatively
inexpensive, but it is operator dependent and may not be
successful when the acoustic window is restricted[1,2]. Contrastenhanced computed tomography (CT) is readily available and
can demonstrate the PV, but it uses ionizing radiation and
requires intravenous administration of a large amount of
iodinated contrast medium with the risk of nephrotoxicity and
possible allergic reaction[2-5]. X-ray portography is the standard
technique for evaluation of the PV due to its superb spatial
resolution[2], but it is invasive, uncomfortable and, like CT,

involves radiation and use of iodinated contrast medium.
Occasionally, opacity of the PV is poor by intra-arterial
portography in patients with portal hypertension [2,6,7]. The
disadvantages of x-ray portography also include high cost,
requirement for operator expertise and associated
complications such as hemorrhage and aortic dissection[8]. Nonenhanced magnetic resonance angiography (MRA) with timeof-flight (TOF) and phase-contrast (PC) techniques is another
means for non-invasive demonstration of the PV. However, it
is limited by long acquisition time, motion and flow artifacts
and saturation effects[1,9-13].
Three-dimensional contrast-enhanced MRA (3D CE MRA)
is a recently developed, non-invasive and fast and easy to
perform technique which is suited for evaluation of the portal
venous system[14-21]. With this technique, the imaging of the
PV is accomplished in a single breath hold. It requires only a
peripheral venous injection of a small amount of gadolinium,
which is much safer than iodine-based contrast media. Using
gadolinium to shorten the T1 value of the blood, it overcomes
flow artifacts and saturation effects in TOF and PC. Moreover,
it involves no radiation. 3D CE MRA has been frequently
used in our hospital in patients with liver tumors for the
preoperative diagnosis of the patency of the portal venous
system. The goal of this study was to evaluate the accuracy
of this technique for the assessment of the PV involvement
in hepatic tumors.

MATERIALS AND METHODS
Patients
Sixty-two consecutive patients who required evaluation of their
portal venous system before surgical resection of hepatic
tumors were recruited. They consisted of 56 men and 6 women
ranging in age from 26 to 78 years (mean age 54 years) and
were diagnosed clinically as hepatocellular carcinoma (55
patients), hepatic metastasis (4 patients), hemangioma (1
patient), hepatic adenoma (1 patient) and right adrenal
carcinoma with liver involvement (1 patient).
MR examinations
MR scans were performed using a 1.5T MR imager (Signa,
General Electric Medical Systems, Milwaukee, WI, USA) and
a body coil. After images located were acquired, a breath-hold
T1-weighted fast multiplanar spoiled gradient-echo
(FMPSPGR) sequence (repetition time/echo time, 150/4.2 ms;
flip angle, 90°; field of view, 360 mm; matrix, 128×256; 18
slices of 7.0 mm thickness each; gap, 3.0 mm; one signal
acquired) and a respiratory-triggered T2-weighted fast spinecho sequence (repetition time/echo time, 2800-4200/80 ms;
echo train length 8-12, field of view, 360 mm; matrix, 128×256;
18 slices of 7.0 mm thickness each; gap, 3.0 mm; 2 signals
acquired) were performed in the liver. For 3D CE MRA, a
breath-hold 3D fast spoiled gradient-echo sequence (repetition
time/echo time, 5.2-10.2/1.2-1.9 ms; flip angle, 30° or 45°;
field of view, 360-480 mm; matrix, 128×256; imaging volume,
75-168 mm; number of partitions, 24-30; one signal acquired;
and acquisition time, 19-28 s) was used.
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thrombi were removed from the stump and/or main trunk of
the PV during the operation. In 13 patients whose tumors were
found to be unresectable at surgery, intra-operative US was
performed to demonstrate the PV. In these unresectable cases,
small amount of tumor tissue was taken for pathological
examination and 3 of them had tumor thrombi removed from
the main PV. The results of 3D CE MRA for assessment of the
PV involvement were compared with the surgeon’s findings.
Sensitivity, specificity, positive and negative predictive values
of 3D CE MRA were calculated using surgical-pathologic and
intra-operative US findings as the references. All cases with
false positive and negative diagnosis were further analyzed to
determine the cause of the error.

With T1-weighted and T2-weighted images as references
the imaging volume of 3D CE MRA was acquired in a coronal
plane to cover the main PV and its left and right intrahepatic
branches. The imaging volume was determined by a radiologist
depending on each patient’s liver size and ability of
breathholding. A gadolinium chelate called gadopentetatedimeglumine (Magnevist; Schering AG, Berlin, Germany) was
used as a contrast medium for all examinations, with a
concentration of 0.15 mmol per kg body weight. The contrast
medium was injected by an experienced MR technician through
an antecubital vein at an injection rate of approximately 3 ml/
s. Acquisition was commenced immediately after the injection
and repeated three times with a 6-second delay between each
acquisition to allow patient breathing. The second acquisition
coincided with portal venous phase, while the first acquisition
was the arterial phase and the third acquisition was the
equilibrium phase. Source images of portal venous phase were
reviewed first. These images were then reconstructed on a
workstation (Advantage Windows Workstation, General
Electric Medical Systems, Milwaukee, WI) to produce
projectional images like x-ray portography. Both maximum
intensity projection and multiplanar reconstruction techniques
were performed and reviewed.

RESULTS
All 3D CE MRA examinations were performed successfully.
The main PV and intrahepatic left PV and right PV including
their anterior and posterior branches were shown well without
diagnostic difficulty in each case.
Forty-nine of 186 PVs were found to be involved at surgery.
Encasement was present in 7 veins, occlusion in 13 veins and
tumor thrombosis in 29 veins (Figures 1-3). The site and type
of the PV involvement were summarized in Table 1. The
remaining 137 PVs were normal. 3D CE MRA correctly
depicted 48 of 49 (98 %) involved PVs and 135 of 137 (99 %)
noninvolved PVs with an overall sensitivity of 98 %, specificity
of 99 %, positive predictive value of 96 %, and negative
predictive value of 99 % for the evaluation of all PVs including
the main, left and right PVs. The accuracy in examination of
the patency of the main PV reached 100 %. The relationship
between 3D CE MRA for each of the PVs and the surgical
findings is shown in Table 2. Use of 3D CE MRA resulted in
two false positive interpretations involving the left PV (Figure
4) and one false negative interpretation involving the right PV
(Figure 5). The two false positive diagnoses were made in
which the left PVs were interpreted as occluded at 3D CE MRA,
whereas at surgery they were found to be compressed but not
invaded by tumors in left lobes. For the false negative diagnosis,
the right PV was diagnosed as normal by 3D CE MRA, but
surgical-pathologic examination revealed that the right
posterior PV was thrombosed with tumor.

Image analysis
The patency of the main PV and intrahepatic left and right PV
including their anterior and posterior branches on 3D CE MRA
were assessed by two radiologists who were unaware of the
patient’s clinical status. A consensus reading between them
was reached in every case. The PV involvement was considered
to be present if the veins were encased, occluded and
thrombosed. Encasement was diagnosed when the PV was
surrounded by a tumor and showed mural irregularity or had
an indistinct wall or irregular lumen narrowing. The PV was
considered to be occluded if the lumen was obstructed,
interrupted or not visualized due to tumor invasion. Tumor
thrombosis was diagnosed when the PV was widened with
linear, nodular or irregular filling defect.
Surgery was performed 1-20 days (mean, 6 days) after the
MR imaging. Tumor location and portal venous status were
recorded by the surgeon in the surgical report for each case. In
12 of 49 patients who underwent hepatic resection, tumor
Table 1 Surgical-pathologic findings of portal vein involvement

Type of involvement

Main PV
Left PV
Right PV
Total

Total involved

Encasement

Occlusion

Tumor thrombosis

Normal

12
18
19
49

0
3
4
7

0
8
5
13

12
7
10
29

50
44
43
137

Note: Data are number of cases. PV is portal vein.
Table 2 Relationship between 3-dimensional contrast-enhanced MR angiography diagnosis of portal vein involvement and surgical-pathologic findings

Main PV
Left PV
Right PV
Total

True
positive

True
negative

False
negative

False
positive

Sensitivity
(%)

Specificity
(%)

Positive
predictive (%)

Negative
predictive (%)

12
18
18
48

50
42
43
135

0
0
1
1

0
2
0
2

100
100
95
98

100
95
100
99

100
90
100
96

100
100
98
99

Note: Data are number of cases except otherwise indicated. PV is portal vein.
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Figure 2 A patient with hepatocellular carcinoma in the right
robe. (A) 3-dimensional contrast-enhanced MR angiography
depicts a nodular filling defect in the right portal vein (arrow).
(B) After partial right hepatic resection and removal of the tumor thrombi, the right portal vein is shown patent (arrow).

C

Figure 1 A patient with hepatocellular carcinoma in the right
lobe. (A) Source image of 3-dimensional contrast-enhanced MR
angiography demonstrates a hypointense tumor in the right
lobe (arrow). (B) Multiplanar reconstruction of 3-dimensional
contrast-enhanced MR angiography shows widened main and
right portal vein with filling defects (arrow). (C) The patient
underwent tumor resection and removal of tumor thrombi in
the portal vein. Histopathology (HE ×40) reveals tumor thrombus in the portal vein (arrow).

Figure 3 A patient with hepatocellular carcinoma in the left
lobe. 3-dimensional contrast-enhanced MR angiography demonstrates occluded left portal vein and irregular filling defect
in the main portal vein (arrow). The right portal vein is normal.

Figure 4 A patient with hepatocellualr carcinoma in the left
lobe (arrow). The left portal vein is not visualized and interpreted as occlusion. At surgery, however, it was only compressed by the tumor.

Figure 5 A patient with hepatocellular carcinoma in the right
lobe (thick arrow). The normal right anterior portal vein (thin
arrow) is misinterpreted as the right portal vein. But at surgery,
the right posterior portal vein was involved by the tumor.

Lin J et al. MR angiography of portal vein

DISCUSSION
Hepatocellular carcinoma often invades the portal venous
system[22]. Once this system is involved, the prognosis and
quality of life of the patients become extremely poor as a result
of increased portal pressure, intrahepatic spread of the tumor,
and deteriorated liver function[22-24]. Traditionally, involvement
of the main PV or the bifurcation of the PV is the indications
of the unresectability. However, with the advances in surgical
technique for hepatic resection, the survival of these patients
can be prolonged by combination of hepatic resection, removal
of tumor thrombi in the PV and post-operative transarterial
embolization[23]. The removal of tumor thrombi in the main
PV can relieve portal hypertension, lower the risk of variceal
bleeding and partially restore the liver function. Accordingly,
prior to the appropriate surgical or interventional planning to be
made, it is crucial to determine whether the portal venous system
is patent or invaded and the site and the extent of the invasion.
In our results, 3D CE MRA was 98 % sensitive and 99 %
specific in the diagnosis of the involvement of the main PV
and its intrahepatic branches. The accuracy in depicting main
PV involvement was 100 %. A minor compromise of positive
predictive value (96 %) of 3D CE MRA was due to the false
positive diagnosis for evaluation of the left PV. However, for
the main and right PV, the positive predictive value reached
100 %. Using a technique similar to ours, Kreft et al[25] reported
a sensitivity and specificity of 100 % and 98 % for identifying
PV thrombosis in 36 patients.
US is currently the screening technique for the PV. Tessler
et al[26] evaluated the main PV with color Doppler US in 215
patients and showed 9 of them with PV thrombosis. The
sensitivity was 89 %, specificity was 92 %, negative predictive
value was 98 %, and positive predictive value was 62 %. Bach
et al[27] found that color Doppler US had a sensitivity of 93 %,
specificity of 99 %, positive predictive value of 97 % and
negative predictive value of 98 % for evaluation of the main,
left and right PV in 63 patients with hepatic tumors. In a recent
study by Marshall et al[28], microbubble contrast-enhanced color
Doppler US was used to improve the visualization of the PV,
but the accuracy was only 87 % for diagnosis of PV thrombosis
in 15 patients. CT during arterial portography (CTAP) is also
frequently employed to assess the portal venous system.
According to Bach’s study[27], it gave a sensitivity of 90 %,
specificity of 99 %, positive predictive value of 95 % and
negative predictive value of 97 % for evaluation of the PV
involvement. Compared with the findings using US or CTAP,
our study showed that 3D CE MRA was more accurate in
demonstration of the PV involvement by hepatic tumors,
especially regarding its higher sensitivity. Although US is the
first-choice imaging modality, it is observer dependent and
sometimes hampered by patient’s habitus and presence of
bowel gas, ascites and heterogenous cirrhotic liver. When
venous flow in patent PV was slow or stagnant, a PV
thrombosis might be misdiagnosed. Similarly, false negative
results might occur when flow was detected in a collateral vein
and it was erroneously thought to be a patent main PV, which
was actually thrombosed[2,26-28]. Thus, 3D CE MRA should be
a useful noninvasive alternative when the visualization of the
PV on US was inadequate or when the involvement was
suspected clinically but the US diagnosis was indeterminate.
In comparison to CTAP, 3D CE MRA is readily acceptable by
patients owing to its noninvasive nature, the lack of allergic
reaction to iodine and the lack of radiation. With a higher
sensitivity and equal specificity, 3D CE MRA can replace
CTAP for evaluation of the PV.
Nevertheless, the two false positive results of 3D CE MRA
in demonstration of the patency of the left PV indicate that the
assessment of the left PV could be compromised by the
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presence of large masses in left lobes. These masses caused
substantial compression of the left PV. When collapsed, the
left PV was underfilled with contrast medium injected from a
peripheral vein and hardly distinguishable from the surrounding
enhanced tumor. Therefore, 3D CE MRA had limitation in
distinguishing compression of the small-caliber left PV from
occlusion by tumor, which might adversely affect the surgical
or interventional treatment options.
As for one false negative diagnosis occurred on the right
PV, an anatomic variation of the PV found at surgery was
thought to be the reason. In that case, the main PV trifurcated
directly into the left and right anterior and right posterior PV
at the porta hepatis. Although the right posterior PV was
invaded by tumor, the right anterior PV was normal. On 3D
CE MRA, we erroneously interpreted the normal right anterior
PV as the right PV. In studies by Atri and Akgul et al[29,30],
variation of the intrahepatic PV branching was common and
trifurcation of the main PV could occur in 10.8 % and 12.3 %
of patients respectively. As a result, the images of 3D CE MRA
must be interpreted meticulously, with an understanding of
the vascular anatomy and variation, and also with attention to
the other potential sources of error noted above.
In summary, 3D CE MRA is an excellent noninvasive
alternative to US for imaging the portal venous system. It is
highly accurate in the evaluation of the PV involvement by
hepatic tumors and is able to provide valuable information
before surgery and interventional treatment for liver tumors.
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H.pylori may play an important role in many diseases, H.pylori
is being studied thoroughly, especially the mechanism of
escaping from host killing and clearing. Because of only
escaping from host killing and clearing, H.pylori can locate in
body steadily and cause diseases. The effect of catalase is
emphasized increasingly in escaping from killing of host’s free
radical and sustaining the balance of self-oxygen metabolism.
No study in expressing high activity H.pylori catalase had been
reported in China and abroad. In this study, PCR technology
was performed to obtain catalase gene, and construct
expressing vectors. The sequence analysis and activity
detection were performed in order to obtain the clone, effective
expression and activity evaluation of catalase gene, thus laying
a good foundation for further studying the associated functions.

Abstract
AIM: To construct a recombinant strain which highly
expresses catalase of Helicobacter pylori (H. pylori) and assay
the activity of H. pylori catalase.
METHODS: The catalase DNA was amplified from H. pylori
chromosomal DNA with PCR techniques and inserted into
the prokaryotie expression vector pET-22b (+), and then
was transformed into the BL21 (DE3) E.coli strain which
expressed catalase recombinant protein. The activity of H.
pylori catalase was assayed by the Beers&Sizers.
RESULTS: DNA sequence analysis showed that the
sequence of catalase DNA was the same as GenBank’s
research. The catalase recombinant protein amounted to
24.4 % of the total bacterial protein after induced with IPTG
and the activity of H. pylori catalase
for 3 hours at 37
was high in the BL21 (DE3) E.coli strain.
CONCLUSION: A clone expressing high activity H. pylori
catalase is obtained, laying a good foundation for further studies.
Bai Y, Zhang YL, Jin JF, Wang JD, Zhang ZS, Zhou DY. Recombinant
Helicobacter pylori catalase. World J Gastroenterol 2003; 9(5):
1119-1122
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INTRODUCTION
Helicobacter pylori (H.pylori) is a bacillus first isolated from
human gastric antral epithelium in 1982. It is recognized as a
human-specific gastric pathogen that colonizes the stomachs
of at least half of the world population[1,2]. H.pylori infection is
the major cause of chronic gastritis and peptic ulcer[3-13], and is
also closely related to adenocarcinoma of stomach and mucosaassociated lymphoid tissue (MALT) lymphoma and primary
gastric non-Hodgkin’s lymphoma[14-32]. This organism was
recently categorized as a class I carcinoma by the World Health
Organization[33], and direct evidence of carcinogenesis was
recently demonstrated in an animal model[34-36]. In addition,
seroepidemiologic studies indicate that H.pylori infection is
also associated with the occurrence of circulatory, respiratory
and alimentary (except stomach and duodenum) system
diseases and autoimmune diseases[37-41]. With discoveries that

MATERIALS AND METHODS
Plasmids and strains and growth conditions
Plasmid pET-22b (+) was obtained from Novagen. Escherichia
coli (E.coli) DH5α (Biodev) was used as a host for recombinant
DNA manipulation, E.coli BL21 (DE3) was used for expression
of the catalase gene. H. pylori was stored in this lab. E.coli
was grown in Luria-Bertani medium containing 100 mg of
ampicillin liter-1.
Recombinant DNA techniques
All restriction enzyme digestions, ligations and other common
DNA manipulations, unless otherwise stated, were performed
by standard procedures. The genome of H.pylori was prepared
from the cells collected from the colonies on the agar plate.
The gene of H.pylori catalase was amplified from the genome
of H.pylori by PCR (Techne PROGENE) using the primers
cat1 (5’-TG GCC ATG GAT GTT AAT AAA GAT GTG AAA
C-3’) as upstream primer and cat2 (5’-AG TGC GGC CGC
CTT TTT CTT TTT TGT GTG-3’) as downstream primer as
described in the literature[42]. Cat1 and cat2 contained Nco I
and Not I sites, respectively. The PCR product was recovered
from agarose gel, digested with Nco I and Not I, and inserted
into the Nco I and Not I restriction fragment of the expression
vector pET-22b(+) using T4 DNA ligase. The resulting plasmid
pET-CAT was transformed into competent E.coli BL21 (DE3)
cells using ampicillin resistance for selection. The insert was
confirmed using Xho I digestion to check for a 1.5-kb increase
in size and Nco I and Not I digestion to show a 1.5-kb fragment.
Microbiological manipulations
Strain BL21 (DE3) BL21 (DE3) containing pET-22b(+)-CAT,
was incubated overnight at 37
while shaking in 5 ml LB
with 100 µg/mL ampicilline. Fifty mL LB was inoculated and
the cells grew until the optical density at 600nm reached 0.40.6. Isopropyl-β-D-thiogalactopyranoside (IPTG) was added
to a final concentration of 1mM.
Enzyme assay
Catalase activity was assayed according to the modified method
of Aebi. The assay was performed in a reaction mixture (1 ml)
containing 10mM H2O2 in 50mM potassium phosphate buffer
(pH 7.0, buffer B) at 30 . The rate of disappearance of H2O2
was measured spectrophotometrically at 240nm using a
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Shimadzu UV-3000 spectrophotometer (Kyoto). One unit of
catalase activity was defined as the amount of enzyme that
decomposed 1 µmol H2O2 per minute under the assay conditions.

Preparation of cell fractionation
E.coli cells from a 50 mL growth 5 h after induction were
harvested by centrifugation at 12 000×g for 10 min and the
pellet was resuspended in 1 ml 30mM Tris buffer (pH8.0)
containing 1 mmol/L EDTA (pH8.0), 20 % sucrose. The
suspension was put on ice for 10 min, then centrifuged for 10
min at 12 000×g, and the resulting supernatant contained
proteins from the periplasm. The resulting pellet was
resuspended in 5 mL 50mM Tris buffer (pH8.0) containing
2mM EDTA, 0.1 mg/mL lysozyme and 1 % Triton X-100.
The suspension was incubated at 30
for 20 min and then
sonicated on ice until it became clarified. The lysate was
centrifuged at 12 000×g for 15 min at 4 , and the resulting
supernatant contained proteins from the cytoplasm, while
pelleted proteins were derived from inclusion bodies.
Optimization of expression
Induction of glycolate oxidase expression as a function of the
concentration of IPTG: Seven flasks each with 50 mL medium
containing 100 µg/mL ampicillin were inoculated with BL21
(DE3) carrying plasmid pET-CAT. At OD600 of 0.6,
expression of CAT was induced with IPTG, of which the
concentrations were 0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0mM,
respectively. After 5 hours the cells were harvested, crude
extracts were compared by SDS-gel electrophoresis. CAT
activity of the cells was determined as described above.
Induction of glycolate oxidase expression as a function of
cell density: Three flasks each with 50 mL medium containing
100 µg/mL ampicillin were inoculated with BL21 (DE3)
carrying plasmid pET-CAT. At OD600 of 0.4, 0.6 and 1.0,
respectively, expression of CAT was induced with IPTG (final
concentration 0.2mM). After 5 hours cells were harvested,
crude extracts were compared and CAT activity was
determined as described above.
RESULTS
Cloning of H. pylori catalase gene
The H.pylori catalase gene was amplified by PCR using the
H.pylori genome as the template and cloned into plasmid pET22b(+).The recombinant plasmids pET-CAT were all digested
by Xho I, and by Nco I and Not I simultaneously, then digestive
products were visualized on 10 g·L-1 agarose gel electrophoreses
(Figure 1). It demonstrated that recombinant plasmid contained
the objective gene. The DNA sequencing proved that the entire
sequence of the gene was consistent with the results reported
before[42].
5

4

3

2

1

bp

21 227
5 148/4 937
4 269/3 530
2 027/1 904
1 587
1 375

Figure 1 Agarose gel electrophoresis of PCR products and plasmid pET-CAT digested with restriction enzymes. Lane 1: DNA
marker; Lane 2: PCR product; Lane 3: pET-22b (+)/ Xho I; Lane
4: pET-CAT/ Xho I; Lane 5: pET-CAT/NcoI+NotI.
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Expression of H. pylori catalase in E.coli
Following recombinant vector transformed into BL21 E.coli
strains, recombinant E.coli strains expressing catalase were
obtained. The expressed protein amounted to 24.4 % of the
total bacterial protein after induced with IPTG for 3 h at 37 .
Its molecular mass was Mr 58 000 by 100 g/L SDS-PAGE gel
analysis. After preparation of cell fractionation, the expressed
protein amounted to 11.5 % of the bacterial periplasm protein,
14.9 % of the bacterial sonicate supernatant and 58.1 % of the
bacterial inclusion body (Figure 2).
1 2 3 4 5

6 7

8

94 kDa
67 kDa
43 kDa
30 kDa
20 kDa

Figure 2 SDS-PAGE analysis of catalase recombinant protein
expressed in BL21 (DE3). Lane 1: Molecular weight marker
(20, 30, 43, 67, 94)×103; Lane 2: BL21 (pET-CAT) cells before
induction; Lane 3: BL21 (pET-CAT) cells after 3 h induction
with IPTG; Lane 4: BL21 (pET-CAT) cells periplasm protein
after 3 h induction with IPTG; Lane 5: sonicate supernatant of
BL21 (pET-CAT) cells after 3 h induction with IPTG; Lane 6:
inclusion body of BL21 (pET-CAT) cells after 3 h induction with
IPTG; Lane 7: control strain BL21 (pET) before induction; Lane
8: control strain BL21 (pET) after 3 h induction with IPTG.

Optimization of expression
An important factor that might affect the expression is the
concentration of the inducer. Since IPTG is a rather costly
component we decided to investigate the dependency of the
expression system on the IPTG concentration. We found that
in the range of 0.1-1 mm final concentration of IPTG, the
expression level was independent of the inducer concentration,
and the catalase activity of the whole cells was from 633.6 U/
mg cells (dry weight) to 660.1 U/mg cells (dry weight). The
data are shown in Table 1.
Table 1 Induction of glycolate oxidase expression at different
IPTG concentrations
IPTG concentration
(mm)
Activity (U/mg cells
(dry weight))

0.1

0.2

0.4

0.6

0.8

1.0

638.5

653.6

660.1

642.3

646.7

631.2

In order to further optimize the conditions for expression
we induced the bacterial cultures at various cell densities. The
expression was the highest at OD600=0.6, and at the same time
the activity was also optimal at OD600=0.6, (Table 2).
Table 2 Induction of H.pylori catalase expression at different
cell densities
Induction at OD600
0.4
0.6
1.0

Activity (U/mg cells (dry weight))
603.2
661.2
584.1

DISCUSSION
For a long time, people had presumed that transferring
poisonous oxygen metabolite into nonpoisonous water,
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sustaining self-metabolite equilibrium and protecting H.pylori
from the killing of neutrophilic leukocyte were the main
functions of H.pylori catalase[43]. However, Bauerfeind et al.
found that H.pylori catalase accounts only for 1.5 %, while
urease accounts for 10 % of thallus’s gross protein at pH 6 or
7. The activity of urease could not be detected at pH 5. On the
other hand, the activity of catalase is still sustained at pH 3.
This finding indicated that catalase may play a more important
role than urease when H.pylori survives in an acid
environment[44]. In addition, recent studies found that catalase
may play an important role in preventing H.pylori from
bacillus to coccus[45-47].
Most interestingly, Radcliff et al. have suggested that the
protective rate of natural catalase can reach 80 %, while that
of recombinant catalase can reach 90 %, based on their animal
experiments, which indicated that catalase is a new antigen
for the preparation of H.pylori vaccine[42].
Overall, further studies on catalase are essential, in order
to understand the effect of catalase on H.pylori mechanism of
causing disease, as well as immune prevention and treatment.
In this study, H.pylori catalase gene was cloned and inserted
into fused cloning strain, which was demonstrated by catalase
activity. An important experimental basis for further studies
on mechanism of catalase causing disease, and immune
protective effects has been laid.
Plasmid pET-22b(+) was a secretion vector and the foreign
protein was transported into periplasm directed by the signal
peptide Pel B. Soluble and functional expression of catalase
was achieved by secreting the recombinant protein to
periplasm, which provided an environment favorable for the
folding of this protein. These may explain why the cloning
strain has the high activity. The high activity of the cloning
strain may provide better measures to treat diseases caused by
free radicals, such as sequela radiotherapy on neoplasm, all
kinds of phlogosis, several kinds of dermathosis, second
perfusion in open cardiac operation and so on.
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Abstract
AIM: To investigate the effects of antireflux treatment on
bronchial hyper-responsiveness and lung function in
asthmatic patients with gastroesophageal reflux disease
(GERD).
METHODS: Thirty asthmatic patients with GERD were
randomly divided into two groups (group A and group B).
Patients in group A (n=15) only received asthma medication
including inhaled salbutamol 200 µg four times a day and
budesonide 400 µg twice a day for 6 weeks. Patients in
Group B (n=15) received the same medication as group A,
and also antireflux therapy including oral omeprazole 20
mg once a day and domperidone 10 mg three times a day
for 6 weeks. Pulmonary function tests and histamine
bronchoprovocation test were performed before and after
the study.
RESULTS: There was no significant difference in the baseline
values of pulmonary function and histamine PC20-FEV1 between
the two groups. At the end of the study, the mean values
for VC, VC%, FVC, FVC%, FEV1, FEV1%, PEF, PEF%, PC20-FEV1
were all significantly improved in group B, compared with
group A.
CONCLUSION: Antireflux therapy may improve pulmonary
function and inhibit bronchial hyper-responsiveness in
asthmatic patients with GERD.
Jiang SP, Liang RY, Zeng ZY, Liu QL, Liang YK, Li JG. Effects of
antireflux treatment on bronchial hyper-responsiveness and lung
function in asthmatic patients with gastroesophageal reflux
disease. World J Gastroenterol 2003; 9(5): 1123-1125

http://www.wjgnet.com/1007-9327/9/1123.htm

INTRODUCTION
Bro nchial asth ma is lik ely to be associated with
gastroesophageal reflux disease (GERD). Bronchial hyperresponsiveness is one of the characteristics of asthma.

Numerous observations have suggested that GERD may be
causally related to the reactive airways condition, and may at
least be a trigger causing airways to react[1-4]. Our study was
carried out to determine the effects of antireflux treatment on
bronchial hyper-responsiveness and lung function in asthmatic
patients with GERD.

MATERIALS AND METHODS
Thirty asthmatic patients with GERD were included in our
study. All patients were recruited in the Second Affiliated
Hospital Sun Yat-Sen University from December 2000 to
December 2001. The diagnosis of asthma was established
according to the Global Initiative for Asthma issued by the
National Heart, Lung, and Blood Institute. The presence of
GERD was determined in accordance with below standards[5]:
typical clinical symptom of GERD such as postprandial chest
pain and sour regurgitation, signs of erosive esophagitis shown
by barium esophagogram and/or lower esophageal erosions
shown by endoscopic examination and mucosal biopsy.
The patients were randomly divided into two groups. Group
A included 15 patients (7 men, 8 women; range of age 23-60
years, mean 34.9±19.2 years), with duration of asthma ranging
from 1-19 years (mean 8.2±6.3 years). Group B included 15
patients (6 men, 9 women; range of age 20-65 years, mean
35.6±17.4 years), with duration of asthma ranging from 125 years (mean 7.8±6.1 years). There was no significant
difference in age, sex, and duration of asthma between these
two groups.
Patients in group A only received asthma medication which
included inhaled salbutamol 200 µg four times a day and
budesonide 400 µg twice a day for 6 weeks. Patients in Group
B received the same medication as group A, and also antireflux
therapy which included oral omeprazole 20 mg once a day
and domperidone 10 mg three times a day for 6 weeks.
Pulmonary function tests and histamine bronchoprovocation
test were performed before and at the end of the medications.
Pulmonary function tests included vital capacity (VC),
forced vital capacity (FVC), forced expiratory volume at the
first second (FEV1), and the peak expiratory flow rate (PEF),
and the percentage of the above parameters over the predicted
values (i.e. VC%; FVC%; FEV1% and PEF%). Bronchial
h y p e r - r esp o n siv en es s was d e tected b y h ista m in e
bronchoprovocation test (HIT). Briefly, the patients were
asked to orderly inhale a series of histamine solutions with
increasing concentrations ranging from 0.03, 0.06, 0.12, 0.24,
0.48, 1, 2, 4 to 8 g/L for two minutes with an interval of 5
minutes. Every 30 seconds and 90 seconds after each
inhalation, FEV1 was detected. The test was stopped when
FEV1 fell by 20 % from baseline value. Histamine-PC20-FEV1,
the concentration of histamine required to produce a 20 %
fall from baseline in FEV 1, calculated from Cockcroft
f o r m u l a [6], r e p r e s e n t e d t h e d e g r e e o f b r o n c h i a l
responsiveness. Pulmonary function tests and inhaled
histamine bronchoprovocation test were performed with the
Spiroanalyzer ST-300, Fukuda Sangyo, Japan.
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Statistical analysis
The differences of mean values ±SD were determined by t
test. The distribution of frequency of histamine PC20-FEV1 was
skewed distribution. When the values were expressed as
geometric mean, it became a normal distribution. A P value of
< 0.05 was considered statistically significant.
RESULTS
There was no significant difference in the baseline values of
pulmonary function and histamine PC20-FEV1 between the two
groups. At the end of the study, the mean values for VC, VC%,
FVC, FVC%, FEV1, FEV1%, PEF, PEF%, PC20-FEV1 did not
change significantly in group A, while in group B the mean
values for VC, VC%, FVC, FVC%, FEV1, FEV1%, PEF, PEF%,
PC20-FEV1 all significantly increased. Also, at the end of the study,
the mean values for above indices were all significantly higher
in group B than in group A. The changes in pulmonary function
and bronchial responsiveness were showed in Table 1.
Table 1 Changes in pulmonary function and bronchial responsiveness in asthmatic patients with GERD (mean values ±SD)
Index

Group A n=15

Group B n=15

Before
therapy

After
therapy

Before
therapy

After
therapy

VC(L)

2.9±0.4

2.7±0.9

2.8±0.7

3.7±0.7ab

VC%

86.3±14.6

85.9±1.9

84.9±18.9

111.2±13.6ab

FVC(L)

2.9±0.6

2.7±0.8

2.8±0.4

3.6±0.9ab

FVC%

88.4±19.2

85.1±23.6

86.3±21.7

102.6±16.1ab

FEV1(L)

2.3±0.9

2.4±0.6

2.2±0.8

2.8±0.5ab

FEV1%

76.8±11.6

77.5±16.3

75.6±14.5

84.6±12.7ab

4.4±1.5

4.8±1.7

4.6±1.2

5.9±1.6ab

PEF%

74.8±19.6

75.±16.3

70.5±20.4

85.1±23.1ab

PC20-FEV1
(g/L)

0.31±0.11

0.28±0.16

0.33±0.14

0.84±0.22ab

PEF(L/S)

a
P<0.05 vs. group A after therapy, the t values were 2.34, 2.59,
2.31, 2.55, 2.49, 2.26, 2.63, 2.22, and 2.68, respectively. bP<0.01
vs. group B before therapy, the t values were 3.93, 4.16, 3.87,
4.04, 3.95, 3.62, 4.46, 3.98, and 4.33, respectively.

DISCUSSION
It has been indicated that there is a causal relationship between
asthma and GERD: asthma may cause or precipitate GERD
and vice versa, and so much as a vicious cycle[11-13]. On one
hand, asthma may be the cause of GERD in some patients.
Prolonged period of cough, wheezing and greater respiratory
muscle effort in asthma increase abdominal pressure, and
facilitate the movement of gastric secretions towards the lower
esophageal sphincter (LES). Moreover, the diaphragm’s
contribution to sphincter tone is decreased in asthma.
Furthermore, bronchodilator therapies (both beta-agonists and
theophylline) appear to reduce LES pressure[7]. It has become
clear that the pressure gradient across the LES is increased in
asthma, which promotes the development of GERD.
On the other hand, GERD may cause or facilitate asthma.
Mechanisms of bronchospasm inspired by reflux include[8,9]:
(1) acid in the inflamed esophagus may stimulate exposed acid
sensitive receptors which act through vagal afferents to the
airways to cause an increase in bronchial hyper-responsiveness
which leads to bronchoconstriction; (2) microaspiration, with
stimulation of upper-airway vagal receptor, causes
bronchoconstriction; and (3) microaspiration of gastric contents
into the lung results into exudative mucosal reaction.
GERD has been found to occur in 30-80 % of asthmatic
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patients. Kiljander et al found that the prevalence of GERD in
asthmatic patients is 53 %[11]. Dal Negro et al reported that
GERD was found in 78.9 % of atopic asthmatic patients[12].
Sontag et al demonstrated that more than 80 % of asthmatic
patients had abnormal GERD[13]. A number of authors have
suggested that some factors may be associated with an
increased risk for the development of GERD in asthmatic
patients, and thus further diagnostic tests should be proposed
to evaluate the presence of GERD in such patients. These
factors include[10]: (1) asthma of adult onset; (2) asthmatic
symptoms that are largely or predominantly nocturnal; (3) large
meals, which might cause or worsen cough and wheezing; (4)
asthma of non-smokers; (5) sour dietary and drinks that can
cause cough and wheezing; (6) non-allergic (it may be changed
to no allergen identified); (7) responders to antacid therapy;
and (8) steroid resistant asthma.
Many diagnostic tests have been used to prove the presence
of GERD, including barium esophagogram, endoscopic
examination and mucosal biopsy, measurement of the LES
pressure, esophageal acid perfusion tests, gastroesophageal
scintiscan, and twenty-four-hour esophageal PH monitoring.
In 1985, Barish et al established a series of procedures to
determine the prevalence of GERD in asthmatic patients[5]
including barium esophagogram, endoscopic examination,
mucosal biopsy and measurement of the LES pressure. It was
suggested that GERD be definitely diagnosed if there are two
positive results from above examinations. Otherwise, ambulatory
24-hour esophageal PH monitoring can be used as the gold
standard to determine the prevalence of GERD[14,15]. However,
Barish et al emphasized that this test should only be used in
cases with diagnostic difficulties because of long time of
catheter inserting or shortage of equipment[5]. David et al
established that in patients with predominant reflux symptoms
and supportive evidence from endoscopy, the diagnosis of
GERD was straightforward[10]. Allescher et al suggested that
in patients with persistent reflux problems and erosive reflux
esophagitis indicated by endoscopy, the diagnosis of GERD
was certain[17]. Hollenz et al also proposed that gastroesophageal
reflux was diagnosed when endoscopy revealed typical
esophageal lesions[16]. In some uncertain cases, 24-hour pH
monitoring can be used to verify and objectify an acid
gastroesophageal reflux[17].
All the thirty cases in our study had classic symptoms of
GERD and positive signs by both barium esophagogram and
endoscopic examination. Therefore, the presence of GERD
is certain.
A variety of different treatments aiming at the improvement
of reflux symptoms have been used in adult asthmatic patients
with GERD. Most investigators[10,18] have suggested the threestep procedures. The first step includes elevation of the head
of the beds 15-20 cm, no eating or drinking for three hours
before sleeping, avoidance of large meals, weight loss,
restricted consumption of caffeine, alcohol, spicy foods and
chocolate and no smoking. The second step consists of medical
management including antacids, H2-receptor antagonists,
proton pump inhibitors, pro-kinetic agents and cytoprotective
agents. The third step consists of surgical management. In
asthmatic patients with GERD, many studies have indicated
that medical antireflux therapy can improve the symptoms of
asthma. Harding et al reported improvements in both symptoms
and pulmonary function in asthmatic patients with GERD after
antireflux therapy[19]. Levin et al demonstrated that omeprazole
improved PEF and quality of life in asthmatic patients with
GERD [20]. Teichtahl et al found that omeprazole therapy
significantly increased evening PEF in asthmatic patients with
GERD[21]. Meier et al indicated that medical antireflux therapy
by omeprazole might predispose to improve respiratory
function in asthmatics with GERD[22]. Our observation also
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demonstrated that antireflux medications could make an
obvious favor in the improvement of pulmonary function and
inhibition of bronchial hyper-responsiveness in asthmatic
patients with GERD. These results provide strong evidence
that GERD can precipitate asthma. Therefore, in such subset
of patients, elimination of GERD may be proven to be
especially beneficial.
In patients with GERD, esophageal acid exposure is reduced
by up to 80 % with H2-receptor antagonists and up to 95 %
with proton pump inhibitors[10]. So, proton pump inhibitors are
superior to H2-receptor antagonists. In addition, pro-kinetic
agents also decrease GERD by improving gastric emptying.
In conclusion, our observations indicate that antireflux
therapy by proton pump inhibitors and pro-kinetic agents is
beneficial to asthmatic patients with GERD.
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Abstract
AIM: To study the eradication rate of Helicobacter pylori
(Hp) in a group of type 2 diabetes and compared it with an
age and sex matched non-diabetic group.
METHODS: 40 diabetic patients (21 females, 19 males;
56±7 years) and 40 non-diabetic dyspeptic patients (20
females, 20 males; 54±9 years) were evaluated. Diabetic
patients with dyspeptic complaints were referred for upper
gastrointestinal endoscopies; 2 corpus and 2 antral gastric
biopsy specimens were performed on each patient. Patients
with positive Hp results on histopathological examination
comprised the study group. Non-diabetic dyspeptic patients
seen at the Gastroenterology Outpatient Clinic and with the
same biopsy and treatment protocol formed the control group.
A triple therapy with amoxycillin (1 g b.i.d), clarithromycin
(500 mg b.i.d) and omeprazole (20 mg b.i.d.) was given to
both groups for 10 days. Cure was defined as the absence
of Hp infection assessed by corpus and antrum biopsies in
control upper gastrointestinal endoscopies performed 6
weeks after completing the antimicrobial therapy.
RESULTS: The eradication rate was 50 % in the diabetic group
versus 85 % in the non-diabetic control group (P<0.001).
CONCLUSION: Type 2 diabetic patients showed a significantly
lower eradication rate than controls which may be due to
changes in microvasculature of the stomach and to frequent
antibiotic usage because of recurrent bacterial infections with
the development of resistant strains.
Sargýn M, Uygur-Bayramiçli O, Sargýn H, Orbay E, Yavuzer D,
Yayla A. Type 2 diabetes mellitus affects eradication rate of
Helicobacter pylori. World J Gastroenterol 2003; 9(5): 1126-1128
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INTRODUCTION
Helicobacter pylori (Hp) is the most prevalent infection all
over the world and has been considered as the causative agent
of many gastrointestinal diseases[1,2]. Type 2 diabetes mellitus
can present with many protean gastrointestinal symptoms and
Hp can play a role in this context[3,4].
Although a number of studies has been performed on the
association of Hp and diabetes mellitus, the results have been

controversial. In a large study performed by Xia et al., the
seroprevalance of Hp infection was not statistically different in
patients with diabetes mellitus and non-diabetic controls[5]. In
earlier studies, the prevalence of Hp was reported to be 62 %
versus 21%, but according to Xia et al., the prevalence of Hp
should be corrected for age and gender and there are no
differences if an adjustment has been done for these variables[6].
The literature is even scarce about treatment regimens of
Hp infection in diabetes mellitus. We also know that the
eradication of Hp shows great differences between different
ethnic groups and in patients with some chronic conditions[1,7].
Therefore we proposed that the eradication rate of Hp may be
also different in type 2 diabetics in comparison to non-diabetic
controls and we planned a prospective study to elucidate the
eradication rate of Hp infection in type 2 diabetic subjects.

MATERIALS AND METHODS
Patients
Diabetic patients with dyspeptic complaints from Diabetes
Outpatient Clinic were referred for upper gastrointestinal
endoscopies in the Gastroenterology Department. Upper
gastrointestinal endoscopies were performed in a standard
fashion with a videoendoscope (Pentax G-2940, Japan) by the
same endoscopist. Endoscopic findings were noted and Hp
infection was assessed using 2 gastric antrum and 2 gastric
corpus biopsy specimens, which were evaluated with the rapid
urease test and the pathological examination (HaematoxylinEosin staining and Giemsa if the first stain was negative). Only
patients with positive results for Hp in pathological specimens
were included in the study. The study population consisted of
40 patients with type 2 diabetic (21 females and 19 males;
mean age 56±7 years) and 40 non-diabetic dyspeptic patients
as a control group from Gastroenterology Outpatient Clinic
(20 females and 20 males; mean age 54±9 years) matched for
sex and age (Table 1). All patients had detailed information
about the study and written informed consent.
Table 1 Characteristics of the patients in diabetic and control
groups
Diabetics

Control

P

n (F/M)

40 (21/19)

63 (25/40)

>0.05

Age (y)

56±7

54±9

>0.05

Diabetes duration (y)

7.2±5

-

HbA1c (%)

7.4±1.3

-

Methods
At enrolment and at the end of the treatment, each patient
completed a dyspepsia questionnaire proposed by Buckley et
al., which had been slightly modified[8]. A triple therapy with
amoxycillin (1 g b.i.d), clarithromycin (500 mg b.i.d) and
omeprazole (20 mg b.i.d) was given for 10 days. After 10 days,
the patients received 20 mg omeprazole for 5 weeks if a gastric
or duodenal ulcer was identified in the initial endoscopy or 40
mg of famotidin if there was gastritis. Cure was defined as the

Sargýn M et al. Type2 diabetes mellitus and infection of Helicobacter pylori

absence of Hp infection assessed by corpus and antrum biopsies
in control upper gastrointestinal endoscopies performed 6
weeks after completing the antimicrobial therapy. Endoscopic
findings were evaluated again in control endoscopy and
compared with initial endoscopic findings. Any side effects
due to the treatment were reported.
During the same study period, dyspeptic patients seen at
the Gastroenterology Outpatient Clinic were taken as the
control group if there was no history of type 2 diabetes, and
their fasting plasma glucose levels were in normal limits
(between 80-110 mg/dl) and pathological Hp positivity was
found in gastric antrum and corpus specimens. The same triple
therapy and a control upper gastrointestinal endoscopy after 6
weeks were also applied to the control group.

Statistical analysis
Results were expressed as means ± SEM. Statistically
significant differences between groups were assessed using
either Student t test, Fischer’s exact test or ANOVA test, as
appropriate. P<0.05 was considered to be significant.
RESULTS
All enrolled patients completed the study. Hp was eradicated
in 50 % (20/40) type 2 diabetic patients and in 85 % (34/40)
non-diabetic dyspeptic patients. The eradication rate was
significantly lower in diabetics in comparison to the controls
(P<0.05).
There were no side effects in both groups, which led to
discontinuation of the treatment.
At baseline, type 2 diabetic patients infected with Hp
showed a high prevalence of gastrointestinal symptoms. There
was a statistically significant decrease in epigastric pain, nausea
and belching after Hp eradication treatment (Table 2).
Table 2 Prevalence of gastrointestinal symptoms in type 2 diabetic patients before and after the treatment
Before (%)

After (%)

P

Epigastric pain

75 (30/40)

30 ( 12/40)

<0.05

Bloating

68 (27/40)

43 (17/40)

NS

Pyrosis

63 (25/40)

38 (15/40)

NS

Nausea

55 (22/40)

23 (9/40)

<0.05

Belching

63 (25/40)

30 (12/40)

<0.05

Early satiety

30 (12/40)

20 (8/40)

NS

Denotes: NS=not significant

Age, duration of the diabetes and Haemoglobin A1c levels
were not significantly different between the diabetics in whose
Hp was eradicated and whose Hp was not eradicated (Table 3).
Table 3 Comparison of demographic data of diabetic patients
in whom Hp was eradicated and Hp was not eradicated
Hp (+) at control
endoscopy
Female sex (%)
Age (y)
Diabetes duration (y)
HbA1c (%)

53

Hp (-) at control
endoscopy
47

P

>0.05

56.2±8

55.8±8

>0.05

7.3±5

7.2±5

>0.05

7.2±1.2

7.2±1.2

>0.05

DISCUSSION
Hp infection is responsible for up to 90 % of upper
gastrointestinal diseases and is linked to the development of
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gastric carcinoma, MALT associated lymphoma and has to be
eradicated whenever it’s possible[9,10].
Standard triple therapy (Omeprazole, Clarithromycine and
Amoxycillin) has been shown to be highly effective in the
eradication of Hp in non-diabetic subjects in many previous
studies (91 %) [11,12]. In our control group, we found an
eradication rate of 85 %, which was compatible with the results
in the literature.
Many authors have extensively explored the relationship
between Hp and diabetes mellitus. There has been controversial
results in previous studies but in a larger, well-designed study
of Xia et al., there was no difference of the seroprevalence of
Hp infection between patients with diabetes mellitus and nondiabetic controls[5]. But there were no studies which explored
the efficacy of anti Hp protocols in type 2 diabetics, whereas
in a study of Gasbarrini et al. in type 1 diabetics, the Hp
eradication rate was 65 % in comparison to 92 % in controls[13].
In another study performed on type 1 diabetics, the eradication
rate was 62 % with different triple antibiotic regimens and this
could be increased by quadruple regimen to 88 %[14]. In the
present study performed on type 2 diabetics, a much lower
eradication rate of Hp (50 %) was found. Histopathological
examination was used in this study for the detection of pre and
post treatment Hp and as the gold standard, it was more reliable
and reproducible than the 13C urea breath test, which has been
used in the studies by Gasbarrini et al[13,14].
Immunosuppression in diabetes might predispose to the low
eradication rate of Hp infection but other mechanisms may
also explain the low eradication rate of Hp in type 2 diabetics.
Type 2 diabetics are more susceptible to many bacterial and
mycotic infections, which may lead to frequent use of
antibiotics, and to the development of resistance[15-18].
Due to absorption problems in gastric mucosa, the extent
of antibiotic absorption may be less[19]. This study showed a
high rate of pathological endoscopic findings in type 2
diabetics, which may lead to disorders in gastrointestinal
motility and to insufficient absorption of the drugs. Autonomic
neuropathy has also been accused as a culprit. But studies in
the literature suggested that there was no correlation between
Hp positivity and delay in gastric emptying.
A standard 10 days triple therapy with conventional
antibiotics seems not to be warranted in diabetics. Due to
problems of absorption and motility, alternative regimens with
longer duration seem to be necessary for a higher eradication
rate. In particular, if we take into consideration that
gastrointestinal symptoms, which are quite frequent in diabetics,
are significantly improving when it is possible to eradicate Hp,
we should try to eradicate Hp in diabetic subjects. But this is a
new area of research and the larger prospective studies with
different anti Hp regimens for type 2 diabetics are needed.
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Abstract
AIM: To determine predictive factors for postoperative
dysphagia after laparoscopic myotomy for achalasia.
METHODS: Logistic regression was used to investigate the
possible association between the response (postoperative
dysphagia, with two levels: none/mild and moderate/severe)
and several plausible predictive factors.
RESULTS: Eight patients experienced severe or moderate
postoperative dysphagia. The logistic regression revealed
that only the severity of preoperative dysphagia (with four
levels: mild, moderate, severe, and liquid) was a marginally
significant (P=0.0575) predictive factor for postoperative
dysphagia.
CONCLUSION: The severity of postoperative dysphagia is
strongly associated with preoperative dysphagia. Preoperative
symptomatology can significantly impact patient outcome.
Shiino Y, Awad ZT, Haynatzki GR, Davis RE, Hinder RA, Filipi
CJ. Postmyotomy dysphagia after laparoscopic surgery for
achalasia. World J Gastroenterol 2003; 9(5): 1129-1131
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INTRODUCTION
Results of laparoscopic Heller myotomy are as effective as
traditional surgery and have the additional advantages of a
shorter hospital stay and less discomfort[1, 2]. Although the early
results of mini-invasive surgery for achalasia appear
satisfactory in general, postmyotomy dysphagia remains a
problem [3, 4]. Most reports do not describe the cause of
postoperative dysphagia although its incidence is quantified.
Aperistalsis, incomplete relaxation of the lower esophageal
sphincter, exposure of the esophageal mucosa to reflux
material, incomplete myotomy and a too tight or a distorted
Dor fundoplication can result in dysphagia. In addition,
operation-related trauma such as perforation, edema, vagal
nerve injury and fibrosis may cause dysphagia. For further
improvement of laparoscopic Heller myotomy, additional
factors affecting results should be determined for postmyotomy
dysphagia is not rare. This study was conducted to investigate
the causes of persistent symptomatology and to assist in
predicting poor results of laparoscopic surgery for achalasia.

MATERIALS AND METHODS
Patients
36 patients (18 females and 18 males) who underwent
laparoscopic Heller myotomy and fundoplication were
investigated retrospectively. All patients underwent a
preoperative barium swallow, esophagogastroscopy and
manometry to establish the diagnosis of achalasia.
Manometry
Lower esophageal sphincter (LES) manometry was performed
utilizing the station pull-through method and the esophageal
body study was completed using 10 wet swallows with the
distal tip of the manometry catheter located 3 cm above the
upper border of the LES.
Surgical procedures
Two surgeons performed these procedures at the same
institution. Myotomy was performed in all cases from
approximately 4 cm above the esophagogastric junction to 2
cm distal to the gastroesophageal junction. Methods used to
establish the location of the esophagogastric junction included
identifying an outward tapering of the stomach, a change in
the thickness of musclaris, the angle of the circular muscles
and observation with intraoperative esophagoscopy in selected
cases. Either an anterior or posterior fundoplication was
performed in conjunction with the Heller myotomy, according
to the surgeon’s preference.
Grouping
The response variable, postoperative dysphagia, was classified
into 2 categories according to the severity: severe or moderate
dysphagia (Group A), and mild or no dysphagia (Group B). A
category of “severe dysphagia” represented debilitating
dysphagia requiring therapeutic intervention; “moderate
dysphagia” represented frequent but not requiring intervention,
“mild dysphagia” represented occasional symptoms not
requiring therapy and “no dysphagia” represented absence of
symptoms.
Parameters
Fourteen predictive factors for postoperative dysphagia as the
response / dependent variables were evaluated. These included
age, weight, preoperative symptom duration, LES pressure,
abdominal and overall length of the LES, relaxation of the
LES, contraction pressure of the esophageal body, percentage
of simultaneous contractions, preoperative pneumatic dilation,
the type of fundoplication, severity of preoperative dysphagia
(D), heartburn (HB) and regurgitation (R). Factors D, HB and
R were numerically ranked by an independent observer
according to their severity, as 1-4 for mild through liquid
dysphagia, 0-3 and 0-3, respectively. Preoperative forceful
dilation and the type of fundoplication were categorized as
binary (0-1) variables.
Statistical analysis
Since our response variable was binary, we had chosen the
logistic regression approach and expressed the logarithm of
the odds ratio for the response as a linear function of the
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explanatory variables, i.e. we had fitted a model of the form:
P
Log (
)= ß0+ ß1×Age+ …+ ß12×D+ ß13×HB + ß14×R
1-P

{I}

Where P was the probability of poor outcome (moderate/severe
postoperative dysphagia) and 1-p is the probability of favorable
outcome (none/mild postoperative dysphagia). We used the
statistical package SAS 8.0 to implement the maximum
likelihood estimation of the coefficients of the above equation.
As a result, the final model included only one predictive factor.

RESULTS
Six patients experienced severe dysphagia after the operation
and required interventional treatment. A 43 year-old female
complaining of severe postoperative dysphagia and weight loss
underwent repeat laparoscopic myotomy which was completed
uneventfully 16 months after the primary myotomy. Only dense
adhesions of the anterior esophagus were found.
Five patients underwent endoscopic dilatation 1 to 18
months after the primary operation. Two patients required two
balloon dilatations while the remaining 3 patients underwent
Hurst Maloney bouginage.
Two additional patients complained of moderate
postoperative dysphagia. Their dysphagia lasted several months
but improved without further intervention. Seven of the 8
patients with postoperative severe or moderate dysphagia
experienced no complications. One patient had gastric stasis
requiring 9 days of hospitalization.
As a result of the logistic regression analysis (equation {I}),
only preoperative dysphagia, D, was marginally significant
(P=0.0575); all the rest had P-values larger than 0.20 and were
not significant. Thus, the final model involves only one
predictive factor, D:
Log (

P
1-P

)= ß0 + ß11×D

{II}

where ß0=-2.7953, ß11=0.9366. Therefore, the odds ratio
increased as D increased, and as a result of {II} the odds in
favor of having moderate/severe postoperative dysphagia for
somebody with mild preoperative dysphagia were
approximately 39.2 % of that for somebody with moderate
preoperative dysphagia. Similarly, the chance of somebody
with moderate preoperative dysphagia to have moderate/severe
postoperative dysphagia was 39.2 % of that for somebody with
severe preoperative dysphagia and, finally, somebody with
severe preoperative dysphagia had only 39.2% of that chance
for somebody with moderate preoperative dysphagia. The last
number was derived by first exponentiating 0.9366 which gave
2.551, and then finding its reciprocal, 0.392.
What we could derive from {II} was the fact that there
existed a positive association between the probability of poor
outcome (severe or moderate postoperative dysphagia) and
the explanatory variable, the severity of preoperative
dysphagia, D. The fact that we obtained only marginal
significance (P=0.0575) was apparently due to the small sample
size. Should the sample size be increased, the result would
have been statistically significant at a level 0.05.

DISCUSSION
The objective of this study was to clarify causes for
postoperative dysphagia after laparoscopic Heller myotomy
for achalasia.
The severity of preoperative dysphagia is marginally
significant with a P value of 0.0575 and was positively
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associated with postoperative dysphagia. Numerous articles
on laparoscopic Heller myotomy have been published since
the first case report [5]. However, none have specifically
addressed the cause of failed myotomy. Some studies were
instructive in surgical technique and others are simply case
reports[6,7].
The type of fundoplication and the extent of myotomy onto
the gastric wall are extremely important for this operation[8,9].
A previous report has shown that patients undergoing anterior
fundoplication in conjunction with myotomy were more likely
to experience postmyotomy dysphagia or heartburn than those
undergoing posterior fundoplication[9]. Posterior fundoplication
is considered effective because it is capable of keeping the
edges of myotomy apart[10].
We demonstrated a positive association between the
probability of poor outcome and the severity of preoperative
dysphagia. Why does the severity of preoperative dysphagia
make the outcome poor? Preoperative manometry showed that
patients with the more severe preoperative dysphagia did not
always have higher LES pressure or poor relaxation of the
LES. There also was no evidence of poorer esophageal
peristalsis (all patients were 100 % dysfunctional).
Patients with short-term dysphagia (5 to 6 months) were
included in the analysis because they presented a significant
problem for the clinician. Early postoperative dysphagia (< 2
months) was well tolerated by the patient. More prolonged
difficulty required explanation. The degree of preoperative
dysphagia could be explained preoperatively as a postoperative
risk factor and would assist in reducing patient anxiety and
expectations.
The length of myotomy is believed to be a critical technical
feature of the operation. The extent of the gastric myotomy
appears to play a key role in prevention of dysphagia. Some
surgeons prefer to extend the myotomy 1 cm beyond
gastroesophageal junction[11,12], while others recommend 2 cm
or longer [9,13] . Generally, a shorter gastric myotomy is
performed in conjunction with the transthoracic or
thoracoscopic approach. On the other hand, longer myotomy
is usually performed with concomitant fundoplication with
open transabdominal or laparoscopic approach[14,15]. The former
operation is prone to gastroesophageal reflux disease as
documented by pH monitoring [10,16] Several authors have
demonstrated the necessity of fundoplication. They have shown
that patients undergoing myotomy without fundoplication have
a higher chance of experiencing postoperative gastroesophageal
reflux[17,18]. Mattioli et al. has clearly shown in a prospective
study that a significantly better long-term outcome results from
a transabdominal long cardiomyotomy plus anterior
fundoplication as compared to transabdominal long myotomy
alone or a transthoracic short cardiomyotomy[8].
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Abstract
AIM: The study was initiated to evaluate the reactogenicity
and immunogenicity of a recombinant hepatitis B vaccine in
age group >40 years and to study the response of a single
booster dose in primary non-responders to the hepatitis B
vaccination.
METHODS: A total of 102 volunteers without markers of
hepatitis B infection (negative for HBsAg, anti-HBc antibody,
HBeAg and anti-HBs antibody) received 20 µg of recombinant
HB vaccine intramuscularly at 0, 1, and 6 months. Anti HBs
titers were evaluated by a quantitative Elisa kit at 90 and
210 days. A booster dose of 20 µg HB vaccine was given
after 6 months of the 3 rd vaccine dose to the 15 nonresponders and anti-HBs titers were measured after 1 month.
RESULTS: Seroprotection (anti-HBs GMT³ 10 IU/L) was
achieved in 85.3 % (87/102) volunteers. The mean GMT titers
of the vaccine responders was 136.1 IU/L. Of the seroprotected
individuals, there were 32.4 % (33/102) hyporesponders (antiHBs titers <10-99 mlU/ml) and 52.9 % (54/102) were
responders (anti-HBs titers >100 IU/L). All the non-responders
(15/15) responded to a single dose of the booster dose of
recombinant HB vaccine and their mean anti-HBs antibody
titers were more than 100.5 mIU/ml after the booster dose.
CONCLUSION: Recombinant hepatitis B vaccine offers good
seroprotection in the age group >40 years and has a good
safety profile. A single booster dose after 6 months in primary
non-responders leads to good seroprotective anti-HBs
antibody titers. However, larger population based studies
are needed to evaluate the role of a booster dose in selected
group of non-responders and whether such an approach
will be cost effective.
Das K, Gupta RK, Kumar V, Kar P. Immunogenicity and
reactogenicity of a recombinant hepatitis B vaccine in subjects
over age of forty years and response of a booster dose among
nonresponders. World J Gastroenterol 2003; 9(5): 1132-1134
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INTRODUCTION
Hepatitis B infection is a major public health problem
worldwide due to its long-term sequalae which include chronic

hepatitis, cirrhosis and hepatocellular carcinoma. The situation
is grim in developing countries like India, where blood bank
infrastructure is non-existent outside the major metropolitan
cities and safe blood handling practice standards are low. India
comes under intermdiate zone of HBV prevalence, and with a
carrier rate of 4.7 %[1,2] has a estimated 42 million carriers,
next only to China. Hepatitis B vaccination has been one of
the success stories of the 20th century and has been extensively
used in a wide range of groups throughout the world. Hepatitis
B vaccination programmes have successfully reduced the
prevalence of hepatitis B, e.g. in Taiwan, where universal HB
vaccination[3] has lead to a significant reduction of hepatitis B
prevalence and incidence of hepatocellular carcinoma in
children. The immunogenicity, efficiency and safety profile
of hepatitis B vaccine has been well established. More than
90 % seroconversion has been achieved in adult populations
consistently[4-7]. The safety profile of the recombinant vaccine
has been very good[8]. No response to hepatitis B vaccination
is increased among certain risk groups like smokers, diabetes,
chronic renal failure patients, elderly obese individuals. It is
important to predict vaccine non-responders as they are
susceptible to break through hepatitis B infection[9]. The study
was designed to evaluate the immunogenicity and
reactogenicity and safety profile of a recombinant hepatitis B
vaccine in subjects above the age of 40 yr and to study the
response of a single booster dose in primary non- responders
to hepatitis B vaccination.

MATERIALS AND METHODS
Volunteer selection
The study was conducted in L. N. Hospital, New Delhi over
the period of one year (1996-1997). A total of 147 healthy
volunteers (volunteers were attendants of the patients attending
the medical OPD services) in the age group more than 40 yrs
out of 387 healthy persons who were none obese and nonsmokers attending the medical outpatient services consented
to be included in the study. All of these volunteers were tested
for markers of HBV infection. All the subjects were screened
by the serological tests including HBsAg (Ranbaxy
Diagnostics, India) and anti-HBc (Melotec, Spain) using
commercially available ELISA kits. 102 volunteers who were
negative for all the serological markers of hepatitis B infection,
completed the hepatitis B vaccination programme.
HBV vaccination and sample collection
In a total of 102 volunteers after their informed consent, 20
mg of recombinant DNA hepatitis B vaccine (EnivacHB,
Panacea Biotec) was administered intramuscularly at a dosing
schedule of 0, 1 and 6 months. Five dropped out after the first
vaccine dose themselves, hence 102 volunteers received all
the three doses of HBV vaccination. Serum samples for antiHBs antibody titres were determined at 90 and 210 days. AntiHBs antibodies were done using a commercially available
quantitative ELISA kit (AUSAB-EIA, Abbot Labs, USA).
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Protection with hepatitis B vaccination is considered to be
achieved when concentration of anti-HBs antibody titers is
more than 10 IU/L. A non-response was defined as mean antiHBs antibody titers below 10 IU/L, low responders were those
with titers between 10-99 IU/L, and those with anti-HBs titers
more than 100 IU/L[13-26] were responders. A high response
was on with titers more than 1 000 IU/l.

Booster schedule
All the non- responders (15/15) received an additional booster
dose (20 µg) at 6 months after the third vaccination dose (12
months from the first vaccine dose) and the anti-HBs titers
were measured after one month of booster dose.
Statistical analysis
Statistical analysis was done using Chi-square test and
Student’s test.
RESULTS
A total of 102 subjects were enrolled in the study. The mean
age of the study group was 44.6±5.6 yr. with male: female
ratio of 1.9:1. At day 90, after administration of two doses of
recombinant vaccine 87.3 % (89/102) subjects achieved
seroprotective levels of anti-HBs. At day 210 after
administration of the third dose of recombinant vaccine 87/
102 (85.3 %) subjects achieved seroprotective levels of antiHBs. The mean anti-HBs titres achieved after the third dose
of vaccine in the responders was 136.1 IU/L. The age
distribution of mean anti-HBs levels achieved after the third
dose of vaccine are given in Table 1. The peak anti-HBs levels
achieved are lower in patients with increasing age. Further
more, 13.3 % (11/83) subjects in the age group 40-49 years
did not achieve seroprotective levels. Whereas ¼ (25 %)
subjects in the age group >60 years did not respond but the
difference was not statistically significant. Also the number of
high responders (anti-HBs levels >1 000 IU/L) was not
significantly higher in the age group 40-49 years as compared
to the age group 50-59 years [ 85.7 % (18/21) in the age group
40-49 years and 14.3 % (3/21) in the age group 50-59 years].
The mean age of 15 non- responders was 46.4±6.9 yr which
was, however, not statistically different from the mean age of
responders. 11.9 % (8.67) males were non- responders whereas
20 % (7/35) females were non- responders but the difference
was not statistically significant.
All the non- responders, who were given an additional
booster dose of 20 µg recombinant vaccine, responded and
this achieved seroprotective levels.
Table 1 Age distribution of (GMT) anti-HBs titers

be associated with non response[16-19]. The relationship of
hepatitis B vaccination response with age is controversial. Our
study suggests that seroconversion in age group >40 years is
85.7 %, which is considered high compared to most other
studies[20,21] where a seroconversion rate of around 60 % has
been reported. However, as all the above studies, we too found
a decreasing seroconversion rate with increasing age (Table
1). Our study suggests that 85.7 % of the high responders
(mean titers >1 000 IU/L) occurred in the relatively younger
age groups. These findings favor the hypothesis that increasing
age decreases seroprotective antibody formation after
vaccination. This finding is of clinical importance as nonresponders who do not develop protective antibody level
remain susceptible to break-through hepatitis B infection.
Although no comparative Indian study of HBV vaccine in
elderly is available, reports in adults show a 90-100 %
seroconversion rate for 20 µg recombinant HBV vaccine
administered intramuscularly[22] not different from Western
rates. For management of non-responders, there are no exact
guidelines. Most unresponsive subjects are not absolute nonresponders, since it has been shown that most of them can
develop protective anti-HBsAg titers after a fourth or fifth dose
of vaccination[23-25]. Most studies in literature have found a
variable response rate of 40-60 % [28-30] to booster dose
vaccination among nonresponders. Our study suggests a
100 % seroprotection rate after a single booster dose that is
higher than most reports in the literature. One of the reasons
for higher rate of seroprotection in our study compared to other
reports in literature could be: (i) volunteers had received the
booster dose after 6 months from the last vaccine dose and (ii)
The selection of non-obese and non-smoking volunteers. If
further such reports of 100 % seroprotection are available from
other centers as well, an additional vaccine dose among the
older populations could be recommended routinely after
evaluation of cost effectiveness of such a strategy. There were
no major side effects and relatively few minor side effects viz
pain at injection site, fever etc. in 36/102 (35.3 %) of the
cases. To conclude, the study suggests that the recombinant
HBV vaccine is highly immunogenic with good safel profile
among the age group >40 yr and a single booster dose is
effective in non-responders. Further larger population based
studies need to be undertaken to confirm our findings.
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Abstract
The limits of medicine have not yet been reached. Numerous
human illnesses initially thought to be incurable are reversible
under unique and unpredictable individual circumstances.
This paper, and the preceding companion publication,
describes instances of the successful treatment of patients
previously labeled as untreatable, including instances of
severe ulcerative colitis and Crohn’s disease.
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“We simply cannot predict what will happen to every given
patient.”
— James S. Goodwin and Jean M. Goodwin - 1987
The recent (2002) social visit with a former, now healthy
patient, first seen 54 years earlier, prompted the review of
my 1960 paper entitled “The Treatment of the Untreatable
Patient” [1]. In that publication, I described the improvement
and recovery of a group of patients, some with organic disease
(cancer, inflammatory bowel disease, and septicemia) and some
with emotionally-related disorders who responded to sustained
nutritional aid and emotionally supportive therapy after having
been evaluated elsewhere as “medically untreatable.”
My former patient, R.K., had immigrated with his parents
to the USA from Germany in 1938. Now age 66, and in good
health, he was first seen by me in 1948 when he was 12 years
old. He had been diagnosed at two major medical centers as
having severe ulcerative colitis, “untreatable medically”, and
“requiring a total colectomy and ileostomy”. His parents then
had brought him to the University of Chicago for admission to
my hospital service. Physical examination revealed a pale,
undernourished boy, obviously sick. Diagnostic studies
confirmed the presence of severe idiopathic ulcerative colitis
involving the entire colon. Laboratory tests documented the
presence of a severe iron-deficiency anemia and a lowered
serum albumin of 2.8 grams (normal 4.0 grams).
In the 1940s and 1950s, it was possible at the University of
Chicago Medical Center, and very helpful, to keep seriously
ill patients in the hospital for extended periods of time, and R.
K. remained for approximately three months. Therapy initially
included blood transfusions, nutritional support, and
sulfonamides. Supportive psychotherapy, emphasizing

personal improvement and ultimate recovery, was provided
for the patient. The patient’s parents were informed daily as to
progress and provided daily encouragement. In an ambience
of optimism, expectations of success, and the involvement of
an enthusiastic and caring hospital staff, the patient began to
improve. Steroids, immunosuppressive compounds, and
biological agents, of course, were not yet available. After the
anemia had been corrected with several blood transfusions and
the serum albumin had been restored to normal, with infusions
of human albumin, the diarrhea, rectal bleeding and the
abdominal discomfort gradually diminished. His appetite
improved and he began to gain weight. When he returned home
after three months in the hospital, he also had increased in
height. At home, the improvement continued without
interruption. After six months, and in the absence of any
symptoms, all medications and dietary limitations were
discontinued. At age 21, he was 6’2” tall and weighed 190 lbs.
He has remained well ever since. He married and raised a family
of three children and 8 grandchildren, all healthy. Today, he
continues in excellent health and is a successful businessman.
In retrospect, R.K. and his colon were not “medically
untreatable” initially, but rather difficult to treat. What was
the therapeutic difference? It was probably the sustained
therapy, the optimistic approach, and the strong nutritional and
psychosocial personal support. The patient himself includes
the interest, skill and unwavering optimism of his physician.
While less common than hoped for, such instances of
recovery from ulcerative colitis are not rare, as described in
earlier papers[2,3]. In a second recent experience, A. T., first
seen by me in 1952, with severe ulcerative colitis, had
developed the disease in 1951; the treatment included
nutritional and emotional support supplemented with injections
of ACTH. The colitis recurred intermittently until 1959, when
the patient “changed his life style” and “totally eliminated stress
from his life”. The diagnosis of “multiple polypoid defects”
on barium examination performed elsewhere, in 1991 had led
to a recommendation of colectomy; but follow-up examinations
found no evidence of colonic polyps. Expert colonoscopy was
performed in April 2000 at the University of Chicago, and
except for a mild “vascular distortion”, was unremarkable;
colonic biopsies were negative for dysplasia. The patient has
remained free of symptoms since 1960, now continuing for
more than 40 years. Living in Hawaii, he organized and became
president of a successful chemical company. In this patient
also, the explanation for the apparent recovery from ulcerative
colitis remains unclear: although “the avoidance of stress,”
may be a contributing factor. Noteworthy in both patients with
ulcerative colitis, therapy had emphasized nutritional and
psychological support. In each instance, IBD improvement had
coincided with personal achievement; issues rarely emphasized
in today’s world of molecules and genes. Biologic therapy,
cytokine inhibition and gene transfer are exciting treatment
possibilities for the future; but until these complex measures
are realized, and perhaps irregardless of their availability,
treatment of inflammatory bowel disease should continue to
emphasize detailed attention to the nutritional and personal
needs of the patient.
The word “untreatable” does not appear in Webster’s
dictionary; the Random House Dictionary of the English
language, the American Heritage dictionary, nor in Roget’s
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Thesaurus. Webster’s Medical Desk dictionary blandly defines
untreatable as “not susceptible to medical treatment”. Medicine
has never fully accepted Hippocrates’ observation[4 ], “. . . . for
it is impossible to make all the sick well . . . .”, and has made
remarkable progress in reducing the ranks of the “untreatable”.
Indeed, as the Goodwins[5] have indicated: “Twentieth Century
Medicine can be seen as a systematic denial of the impossible.
” Nevertheless, uncertainty in the course of human disease,
and in its prognosis has characterized Medicine, throughout
history as reviewed by J. Barondess[6] and by R. Fox[7].
The designation “untreatability” in medicine is both arbitrary
and absolute. It may be a relative term, reflecting noncooperation of the patient or an inadequate therapeutic
approach, rather than the illness itself. Occasionally,
“untreatability” is the inappropriate label for an initially
erroneous diagnosis, as illustrated in the following patient, first
described in 1960. A.J., a 62-year old photo-engraver, in 1940,
had developed severe pain in the epigastrium and in the back
with nausea, vomiting, and weight loss. Surgery at another
hospital demonstrated an “inoperable carcinoma of the
pancreas,” and the abdomen was closed. The patient then was
referred to the University of Chicago for possible chordotomy
to relieve the intractable pain. Here, the pain and vomiting
continued. The alert hospital resident noted the vomitus as
clear, watery-appearing, fluid; and having learned earlier that
gastric acid secretion is a watery appearing fluid; he tested the
vomitus with Töpfer’s reagent, and indeed identified the fluid
as gastric secretion containing hydrochloric acid. The
intragastric instillation of hydrochloric acid reproduced the pain
and vomiting, and gastric aspiration, removing the acid
secretion, relieved the pain. X-rays demonstrated a huge
duodenal ulcer crater. Large amounts of calcium carbonate
hourly, day and night, atropine sulphate, and frequent gastric
aspirations were required to diminish the pain and heal the
ulcer, events consistent with duodenal ulcer, penetrating into
the pancreas, causing pancreatitis. The surgeon presumably
had misinterpreted the inflammatory thickening of the pancreas
as neoplasm. In August 1941, an appendectomy was performed
for acute appendicitis; and confirmed the absence of carcinoma.
Ulcer recurrences necessitated a supradiaphragmatic
vagotomy; and gastroenterostomy in June 1944, with complete
recovery. He later succumbed to a heart attack 35 years after
the initial erroneous diagnosis of pancreatic carcinoma.
At times, the determined patient provides the vital spark,
transforming an apparently hopeless situation into one of
renewed hope and improved health. A striking example, cited
in the 1960 paper, is that of a man, then 53 years old, with a
history of alcoholism, cirrhosis of the liver and malnutrition,
who was hospitalized with ascites and thrombophlebitis of
superficial veins in the abdominal wall. X-rays revealed not
only esophageal varices, but also a linitis plastica-type
carcinoma of the stomach. When he became confused, the
situation appeared hopeless indeed. It seemed only humane to
grant the patient’s plea for simply orange juice and coffee.
Astonishingly, instead of deteriorating, he improved. The
thrombophlebitis subsided; the ascites gradually diminished,
and in several weeks the patient returned home. Additional
history revealed that he had swallowed lye during childhood,
causing the gastric deformity simulating neoplasm. The patient
survived for many years thereafter; and occasionally revisited
us to demonstrate his continuing viability. The hepatic disease
eventually became “untreatable”, and he died following a
massive hemorrhage from esophageal varices; but had he been
untreatable initially?
Patients with emotional difficulties and associated
gastrointestinal symptoms may be especially challenging,
because of the difficulty in fully understanding emotionally
generated symptoms[8, 9] prematurely prompting the label of
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“untreatability”. This important problem has been reviewed
recently[10]. Useful therapy includes the exclusion of structural
disease and evaluation of the life situation of the patient, a
reassuring explanation of the physiologic basis of the symptoms,
avoiding criticism, and sustained supportive therapy [11].
Medication alone often does not suffice in these circumstances,
and the art of medicine is as necessary as its science. Indeed,
hope, faith and trust, together with sustained therapeutic effort
salvage more sick people than many physicians realize[12, 13].
H.G. Wolff [14] has pointed out that “hope, like faith and purpose
in life, is medicinal”.
The significant beneficial impact of religious beliefs in some
patients with chronic illness also has been documented[15]. The
treatment of such patients, often is prolonged, and demanding;
but the satisfaction following successful therapy is one of the
rewarding personal experiences in the practice of medicine.
An example of this type of “medical untreatability”, noted in
the 1960 paper, is that of M.V., then a 50 year-old man, who
repeatedly sought treatment for digestive symptoms, including
a bitter taste, belching, flatulence, constipation and diarrhea,
abdominal pain, and fatigue; diagnosed as an irritable bowel.
Many laboratory and diagnostic studies were normal; and many
consultations with physicians in other areas of medicine did
not reveal additional problems. Psychiatric evaluation of the
patient included the following: “. . . a passive, inhibited male.
. . his hypochondriacal expressions are at once expressions of
his primary concern with himself and defenses against object
relationships (which are threatening because of their
homosexual character . . .) . . . Psychotherapy could be of little
value and is not indicated in the present circumstances”.
However, the patient was regularly employed. In time he
became involved in the affairs of his community and was
recognized for this activity. The many medical visits
undoubtedly provided him with a measure of support, though
the continuing need for reassurance reflected limited acquired
understanding of his situation. The patient was perhaps
“untreatable” in that his basic emotional difficulty was not fully
resolved. However, he was relatively treatable in that, with
support, reassurance, and personal attention, he was able to
function as a useful citizen. Since then, modern research has
documented significant biological and physiologic
relationships between mind and body[3,16,17] and has provided a
scientific basis for the understanding and management of
emotionally associated gastrointestinal symptomatology.
The limits of medicine, as these clinical experiences
illustrate, are by no means rigid or irreversible. While much has
been learned about human illness and its molecular nature, there
is much more knowledge yet to be acquired about individual
human illness[18], its neurological, immunological and genetic
dimensions. Hopefully, as expressed by Barondess[6], “. . .
through continued research and technologic innovation, fueled
by curiosity and personal drive, by institutional agendas and
by the insightful and compassionate physician in the service
of human needs”, additional progress can be anticipated in the
successful management of the “untreatable patient.”
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Abstract
AIM: To understand the response of human REV3 gene to
gastric cancer inducing carcinogen N-methyl-N’-nitro-Nni tro sog uan idi ne (MN NG) and its ro le in human
mutagenesis.
METHODS: The response of the human REV3 gene to
MNNG was measured in human 293 cells and FL cells by
RT-PCR. By using antisense technology, mutation analysis
at HPRT locus (on which lesion-targeted mutation usually
occurs) was conducted in human transgenic cell line FLREV3- by 8-azaguanine screening, and mutation occurred
on undamaged DNA template was detected by using a shuttle
plasmid pZ189 as the probe in human transgenic cell lines
293-REV3- and FL-REV3-. The blockage effect of REV3 was
measured by combination of reverse transcriptionpolymerase chain reaction to detect the expression of
antisense REV3 RNA and Western blotting to detect the REV3
protein level.
RESULTS: The human REV3 gene was significantly
activated by MNNG treatment, as indicated by the
upregulation of REV3 gene expression at the transcriptional
level in MNNG-treated human cells, with significant increase
of REV3 expression level by 0.38 fold, 0.33 fold and 0.27
fold respectively at 6 h, 12 h and 24 h in MNNG-treated
293 cells (P<0.05); and to 0.77 fold and 0.65 fold at 12 h
and 24 h respectively in MNNG-treated FL cells (P<0.05).
In transgenic cell line (in which REV3 was blocked by
antisense REV3 RNA), high level of antisense REV3 RNA
was detected, with a decreased level of REV3 protein.
MNNG treatment significantly increased the mutation
frequencies on undamaged DNA template (untargeted
mutation), and also at HPRT locus (lesion-targeted
mutation). However, when REV3 gene was blocked by
antisense REV3 RNA, the MNNG-induced mutation
frequency on undamaged DNA templates was significantly
decreased by 3.8 fold (P<0.05) and 5.8 fold (P<0.01)
respectively both in MNNG-pretreated transgenic 293 cells
and FL cells in which REV3 was blocked by antisense RNA,
and almost recovered to their spontaneous mutation levels.

The spontaneous HPRT mutation was disappeared in REV3disrupted cells, and induced mutation frequency at HPRT
locus significantly decreased from 8.66×10-6 in FL cells to
0.14×10-6 in transgenic cells as well (P<0.01).
CONCLUSION: The expression of the human REV3 can
be upregulated at the transcriptional level in response to
MNNG. The human REV3 gene plays a role not only in
lesion-targeted DNA mutagenesis, but also in mutagenesis
on undamaged DNA templates that is called untargeted
mutation.
Zhu F, Jin CX, Song T, Yang J, Guo L, Yu YN. Response of
human REV3 gene to gastric cancer inducing carcinogen Nmethyl-N’-nitro-N-nitrosoguanidine and its role in mutagenesis.
World J Gastroenterol 2003; 9(5): 888-893
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INTRODUCTION
It has long been known that exposure to certain chemicals is
associated with the development of specific human cancers,
which is largely the outcome of interaction between
environmental agents and genetic susceptibility. Examples
include the associations between amine dyes and bladder
cancer, benzene and leukemia, aflatoxin and hepatocellular
carcinoma, and tobacco smoke and lung cancer[1-5]. Recent
studies have also revealed that tobacco smoke significantly
increases the risks for oral[6, 7], esophageal[3-5, 8], bladder[9-12],
pancreas[11], gastric[13] and colorectal cancers[14]. In addition,
men who have a history of chronic indigestion or
gastroduodenal ulcer have substantially higher mortality rates
associated with concurrent cigarette smoking[13].
Tobacco smoke consists of many chemicals. One important
substance found in tobacco smoke is chemical carcinogen Nmethyl-N’-nitro-N-nitrosoguanidine (MNNG), a direct acting
carcinogen, that targets the cellular DNA and induces severe
genotoxic stress to the cell that can result in various DNA
damages[15]. Epidemiologic studies have suggested an etiological
role for N-nitroso compounds from dietary sources in the
development of gastric and colorectal cancer in humans[16, 17],
and animal experiments have shown that MNNG induces
gastric cancer[18-21] and colorectal cancer[22, 23]. Obviously, the
link between DNA damages and MNNG induced cancers is
closely related to mutagenesis. To ensure normal growth
control and accuracy in DNA replication, cells have developed
a variety of responses to stress, such as DNA repair, cell cycle
checkpoints, DNA damage avoidance, or in extreme cases,
apoptosis[24]. In addition, cells have also evolved a sophisticated
lesion bypass system (also called translation synthesis, or TLS)
to repair the damaged DNA, resulting in DNA damage lesiontargeted mutation. However, mutation can also occur on
undamaged DNA template, which is designated untargeted
mutation (UTM), which has been described in SOS-induced
mutagenesis in E. coli[25]. It has been known that untargeted
and targeted mutations caused by SOS response in E. coli both
are resulted from the inhibition of DNA polymerase functions
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that normally maintain fidelity and the involvement of DNA
polymerases with low fidelity, which include DNA pol IV
(dinB), pol V (UmuD’2C) and other factors[26-30]. In eukaryote,
it has been found that up to 40 % of cycl-91 revertants induced
by ultraviolet (UV) is untargeted using mating experiments with
excision deficient strains of Saccharomyces cerevisiae[31], and
that stress response induced by DNA damaging agents (8methoxy-psoralen or UV) leads to specific and delayed UTM in
mouse T-lymphoma cells[32]. Previous studies in our laboratory
also shown that low concentration MNNG induces UTM in
mammalian cells[33]. Currently, it has been known that specialized
DNA polymerases are responsible for DNA damage lesiontargeted mutation in eukaryote. However, it is not clear which
factor can be activated and involved in UTM on undamaged
DNA templates.
The human REV3 gene, encoding the catalytic subunit
REV3 of human pol ζ, has been received intensive attention
in recent years[34]. REV3 gene is thought to be the major
component of error-prone TLS pathway [34, 35], although a
number of other polymerases might also be involved in this
process[36]. It is responsible for most of spontaneous and UVinduced mutation in yeast and humans, as well as somatic
hypermutation in humans[34, 35, 37-43, 44-47]. The expression of REV3
appears to be elevated at the transcriptional level in some tumor
cell lines[48]. However, the response of REV3 gene to gastric
cancer inducing carcinogen MNNG and its role in MNNGinduced mutagenesis are still not clear. In order to understand
the relationship between the human REV3 gene and the etiology
of gastric cancer and colorectal cancer in humans, the response
of REV3 to MNNG and its role in MNNG-induced
mutagenesis, including both lesion-targeted and untargeted
mutation, were explored.

MATERIALS AND METHODS
Cell culture and treatment
Human 293 cells were grown in DMEM (Dulbecco’s Modified
Eagle Medium, Gibco) containing 10 % fetal bovine serum
(Gibco), 200 units/ml penicillin, 100 µg/ml streptomycin and
200 µg/ml kanamycin. Human FL cells were grown in MEM
(Minimum Essential Medium, Gibco), containing 10 %
newborn calf serum (Gibco), 200 units/ml penicillin, 100 µg/
ml streptomycin and 200 µg/ml kanamycin. Transgenic cell
line 293-REV3-[49] and FL-REV3 - (unpublished data) were
established in this laboratory by transfecting 293 cells and FL
cells with pM-RS- plasmid[50] that can express anti REV3 RNA
when induced by dexamethasone (dex). 293-M and FL-M cell
line were established by transfecting 293 cells and FL cells
with the control vector pMAM neo-amp - alone. These
transgenic cell lines were grown in MEM containing 200 mg/
ml of G418 (geneticin, Gibco). For MNNG treatment, cells
were exposed to 0.2 µM of MNNG (Sigma, dimethyl sulfoxide
(DMSO) as solvent) in serum-free DMEM (for 293 cells) or
MEM (for FL cells) for 2.5 h, and then MNNG was removed
and replaced with fresh medium. DMSO treated cells were
used as control.
Response of human REV3 to MNNG
The response of the human REV3 gene to MNNG was
measured at the transcriptional level by using reverse
transcription-polymerase chain reaction (RT-PCR) with ARF1
(encoding ADP-ribosylation factor 1) as the internal control.
RNA from 2×106 293 or FL cells was extracted at different
time point using TRIzol agent (Gibco) after 0.2 µM MNNG
treatment, followed by the first-strand cDNAs synthesis with
3 µg of RNA using M-MuLV reverse transcriptase (MBI
fermentas) and random hexamer primer. After exponential
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phase selection, PCR was performed with the appropriate
cycles: 5 min pre-denaturation at 95 , 30 sec denaturation at
94 , 30 sec annealing at 59 , 1 min extension at 72 , and
an additional 10 min extension at 72 . PCR primers: REV3,
5’-TGT CCA AGG CAC CAT ATC TC-3’ (sense), 5’-TGC
TAC ACG TGG TAC TAC TG-3’ (antisense); ARF1, 5’-GAA
CAT CTT CGC CAA CCT CTT C-3’ (sense), 5’-ACA GCC
AGT CCA GTC CTT CAT A-3’ (antisense). The sizes of the
expected products are 635bp for REV3 and 515bp for ARF1.
Ratios of ODREV3./ODARF1 representing REV3 transcript level
were calculated.

Identification of the antisense blocking effect on REV3
function in transgenic cells
The antisense blocking effect on REV3 function was analyzed
by detecting the expression of antisense REV3 fragment with
RT-PCR and the REV3 protein level with Western blotting.
RNA was extracted from transgenic cells, which could express
antisense REV3 fragment after 10 µM dex treatment for 3 days.
0.1 µg RNA from 1 µg RNA sample digested by 1unit DNaseI
(Gibco) was reverse transcribed using the REV3 specific sense
primer (5’-AAG GCC AGC ATA CAA GAC-3’). For the
positive control (with no dex treatment), a random hexamer
primer was used as the reverse transcription. Each cDNAs
sample was amplified with the specific primers: 5’-GCC AAG
GAA TAC AGA GGA AGT-3’ (sense), 5’-CCA GCT GAA
GAC ATC AAT ACC-3’ (antisense). The PCR cycling
parameter is as following: 5 min pre-denaturation at 94 , 30
cycles of 30 sec denaturation at 94 , 30 sec annealing at
59 , and 1 min extension at 72 . Amplifications were
completed by an additional 8 min extension at 72 . For
Western blotting, the nuclear protein were extracted from the
cell strains as described before[24]. Each nuclear extract (30
µg) was used for Western blotting, and the Ku70 protein was
used as the loading control.
Detection of mutation at HPRT locus[51]
2×10 5 cells of the FL, FL-M or FL-REV3 - were seeded in
100 ml culture flasks, respectively. After 1 day incubation,
the media were replaced with HAT medium (Gibco) for 24 h
and HT medium (Gibco) for the next 48 h to remove the preexisted HPRT- cells in the population, then the cells were
induced with 10 µM dex for another 48 h. After treatment
with 0.2 µM MNNG or DMSO for 2.5 h, the medium was
removed and replaced with a fresh medium containing 10
µM dex for an additional 24 h incubation. Cells reaching
approximately 80 % confluent were subcultured three or four
times, with a consistent density at 106 cells/flask. Then 200
cells were transferred to a 9-cm plate (5 plates total) for 15
days to count the relative cloning efficiency. In the meantime,
2×105 cells were seeded in 100 ml culture flask (5 flasks total).
After 24 h, the medium was replaced with fresh one
containing 5 µg/ml 8-azaguanine (Gibco). Cells were then
maintained for 30 days, with the medium changed every 3
days. After washing with 0.9 % NaCl, the clones were fixed
with ethanol: acetic acid (3:1), stained with 1 % methyllene
blue, and the number counted. The mutation frequency was
calculated as following:
Mutation frequency=(number of mutant clones/10 6 cells)×
(1/relative cloning efficiency).
Statistical analysis was performed according to the method
described by Kastenbaum and Bowman[52].
Detection of untargeted mutation on shuttle plasmid
pZ189
The detection of untargeted mutation was performed as
described (Figure 1) [33].
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3). In addition, the results of Western blotting showed that the
REV3 protein level was obviously reduced in transgenic cells
(Figure 4). Therefore, it was indicated that the function of
REV3 protein was partially blocked by antisense REV3
fragment in transgenic cells.
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Figure 1 The detection system of untargeted mutation occurring on undamaged DNA template. Cells were pretreated by
MNNG, and then intact and undamaged shuttle plasmid pZ189
was transfected into cells after removing MNNG. After replication for 48 h in cells, replicated pZ189 plasmid was rescued
and then transformed to host bacterial MBM7070 to screen
pZ189 mutants.

RESULTS
Response of human mutator REV3 to MNNG
It was found that PCR with 31 cycles for 293 cells and 28
cycles for FL cells ensured the exponential amplification of
REV3 and ARF1 within the same tube (data not shown). The
expression of REV3 was upregulated at the transcriptional level
in both 293 cells and FL cells after MNNG treatment. In
MNNG-treated 293 cells, the level of REV3 expression was
significantly increased by 0.38 fold at 6 h, 0.33 fold at 12 h
and 0.27 fold at 24 h, when compared with the control (P<0.05,
Figure 2). Similarly, the transcriptional level of REV3 was also
significantly increased by 0.77 fold at 12 h and 0.65 fold at 24 h
in MNNG-treated FL cells, when compared with the control
(all P<0.05, Figure 2). The data suggest that the human mutator
REV3 gene was activated by low concentration MNNG
treatment and could be regulated at the transcriptional level.
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Figure 2 The response of the human REV3 to MNNG at different time points. The response of REV3 to MNNG was measured in human 293 cells and FL cells at the transcriptional
level by using RT-PCR. aP<0.05, compared with the control.

Identification of the antisense blocking effect on REV3
function in transgenic cells
An expected high level of 297bp antisense RNA to C-terminal
of REV3 was detected in transgenic cells by RT-PCR (Figure

Figure 3 Detection of antisense REV3 RNA fragment expressed
in 293-REV3- cells using RT-PCR. A, 100bp DNA ladder; B, RTPCR result in Dex-treated 293-REV3- cells; C, RT-PCR result in
293-REV3- cells (Dex-free); D, a positive control.
FL

FL-REV3

REV3

Ku 70

Figure 4 Western blotting showing the loss of REV3 protein in
transgenic FL-REV3- cells. Western analysis showing the level
of expression of REV3 protein in nuclear extracts from REV3
antisense-expressing transfectant FL-REV3- and its parental
strain FL. Ku-70 was used as the loading control.

Decreased formation of MNNG induced HPRT mutants in
transgenic cells
HPRT locus is traditionally used as a genetic marker for genome
instability. Normally the spontaneous mutation frequency at
HPRT locus was quite low. In the present study, we observed
that the spontaneous mutation frequency was 2.87×10-6 in FL
cells, and 4×10-6 in FL-M cells. Interestingly, in FL-REV3cells, no spontaneous mutants were observed. This observation
led to the speculation that REV3 may be involved in the process
of spontaneous mutagenesis.
Previous studies found that MNNG could induce HPRT
mutation in human cells[53]. It would be of interest to know if
MNNG had the same effect on FL and the derived FL-M and
FL-REV3- cells. As shown in Table 1, we observed that MNNG
treatment significantly elevated the mutation frequency from
2.87×10-6 to 8.66×10-6 at HPRT locus in FL cells. Similarly,
the mutation frequency was also increased in FL-M cells by
MNNG treatment from 4×10-6 to 18.75×10-6. On the other hand,
the induced mutation frequency was only 0.14×10-6 cells in
FL-REV3- cells, which was significantly lower than that of
the spontaneous mutation frequency in FL cells (Table 1).
Decreased untargeted mutation frequency on undamaged
plasmid transfected into MNNG pretreated transgenic cells
Intact and undamaged shuttle plasmid pZ189 DNA was
introduced into MNNG pretreated human cells. Progeny
plasmids were harvested 48 h after transfection, and used to
transform MBM7070. White and light blue colonies were
picked and the frequency of supF tRNA mutants was scored.
As shown in Table 2, the spontaneous mutation frequencies
were at comparable level between each cell lines. Untargeted
mutation on undamaged DNA templates was increasingly
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Table 1 Detection of the spontaneous and induced mutation frequency at HPRT locus in FL, FL-M and FL-REV3- cells
Cell line
FL
FL-M
FL-REV3-

MNNG (0.3 µM)

Antisense block of REV3

No. of mutants per 106 cells selected

Mutation frequency (10-6)

0
0.3
0
0.3
0
0.3

None

2.87
19.25bc
4.00
18.75 bc
0a
7a

2.87
8.66
4
18.75
0
0.14

None
Yes

: mutants screened from 5×107 cells; bP<0.01 compared with spontaneous mutants in FL cell and FL-M cell; cP<0.01 compared with
FL-REV3- cells.
a

Table 2 Mutation frequency of supF tRNA gene in intact plasmid pZ189 after replicated in cultured human cells
Cell line

293
293-M
293-REV3FL
FL-M
FL-REV3-

DMSO
Number of
transformant
7954
15358
39236
13495
13272
10967

MNNG

Number
of mutant

Mutation
frequency(10-4)

Number of
transformant

Number
of mutant

Mutation
frequency(10-4)

1
2
9
7
7
3

1.26
1.30
2.29
5.2
5.3
2.7

12205
12040
19758
13854
10310
12609

9
7
3
38
28
5

7.37ab
5.81ab
1.52
27.4cd
27.2cd
4.0

a, c χ test P<0.05 and 0.01 respectively as compared with spontaneous mutation frequency; b, d χ test P<0.05 and 0.01 as compared
with induced mutation frequency in 293-REV3- and FL-REV3- cells respectively.

induced in MNNG-pretreated 293, 293-M, FL and FL-M cells,
with the mutation frequencies occurred in these cells being
4.5-5.8-fold higher than those in control groups. However, the
untargeted mutation frequencies significantly decreased by
3.8 fold (from 7.37×10-4 to 1.52×10-4, P<0.05) and 5.8 fold
(from 27.4×10-4 to 4.0×10-4, P<0.01) respectively in MNNGpretreated transgenic 293 cells and FL cells in which REV3
was blocked by antisense RNA, and the mutation frequencies
were almost similar to their spontaneous mutation levels.

DISCUSSION
The interconnections between environment and human health
have been increasingly recognized. With the increasing cases
of environmental cancer in the world range, especially in
developing countries, investigation on the potential biomarkers
for environmental risk assay or new targets for gene therapy is
an emergent task to prevent and control the carcinogenesis. In
China, the incidence of gastric cardia cancer has greatly
increased in the past 2-3 decades, and dietary habits might be
one of the risk factors for the cardia carcinogenesis among
Chinese population[54]. Recently, it was found that COX-2 may
contribute to progression of tumor in human gastric
adenocarcinoma[55]. However, it has become clear that the
induction of carcinogenesis is a complex multi-step process
involving a series of genetic and epigenetic changes. For
example, the induction of colon cancer requires alterations in
at least three tumor-suppressor genes (MCC, DCC, and p53)
and activation of the oncogene K-ras[56-58]. The genetic changes
mainly occur in initiation, malignant conversion and progression
stages in the development of malignant tumors [59]. DNA
damaging agents can induce lesions in DNA template, causing
the block on DNA replication fork. However, it also leads to
the activation of several TLS DNA polymerases, especially
the activation of pol ζ, to restart the replication process by
replacing the normal replication polymerases and finally result
in lesion-targeted mutation[40, 42, 60]. On the other hand, UVlight or chemical carcinogen can induce the UTM on
undamaged DNA templates[31-33].
It was interesting to find that human REV3 gene, which

encodes the catalytic subunit of TLS polymerase ζ, was
activated by the carcinogen MNNG that can induce gastric
and colorectal cancer. Our computational analysis indicated
that transcriptional factor binding sites for CREB, AP-1 and
NF-κB were found in the promoter region of REV3 (data not
shown). Previous studies in our laboratory have shown that
MNNG treatment activates CREB [61], AP-1 and NF-κB
(unpublished data) in mammalian cells as early epigenetic events,
which indicates that REV3 could be activated by MNNG via
the activation of specific transcriptional factors in advance.
Mutation at HPRT locus can be used as an indicator to reflect
the degree of genome instability[62]. It has been recognized that
HPRT mutants are generated directly by DNA damage[62, 63], i.
e., the mutation spectrum belongs to lesion-targeted mutation.
In human fibroblasts, the number of UV-induced HPRT
mutants is significantly increased, whereas, the mutation is
remarkably depressed in the human cells that express high
levels of REV3 antisense RNA[47]. In this study, our data showed
that the spontaneous mutation of HPRT locus in human cells
was dependent on the function of REV3, since mutation at HPRT
locus was eliminated in cells expressing antisense REV3 (Table
1). On the other hand, REV3 gene was also involved in MNNGinduced HPRT mutation, like in UV-induced mutation[47], as the
antisense block of REV3 function significantly decreased the
MNNG-induced mutation frequency. It is also possible that
other factors might be involved in MNNG-induced HRPT
mutagenesis, for example, the function of human REV1 gene
is required for mutagenesis at HPRT locus induced by UV
light[64].
Interestingly, our data further indicated that human REV3
gene also played a role in mutation genesis occurred on
undamaged DNA templates. Unlike the role of REV3 in lesiontargeted mutation, the spontaneous mutagenesis in SupF tRNA
gene in pZ189 replicated in human cells was REV3independent, i.e., the antisense block of REV3 has no effect on
the spontaneous mutations (Table 2). It was suggested that
most of the spontaneous mutation occurring in such an
experimental system are due to the deletion damage induced
by the shear force during transfection. Different mechanisms
are involved in repairing the base damage and deletion damage,
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in the later case no evidence was presented of REV3 dependent.
In this study, however, we proved that MNNG-induced
mutation on undamaged DNA templates was REV3-depedent
(Table 2). To date, we still do not know whether there are
other factors involved in untargeted mutation in addition to
the human REV3 gene. Taken together, these data strongly
suggest that human REV3 gene is capable of inducing
mammalian genome instability, and this mutator gene could
be a potential target for gastric and colorectal cancer prevention
and gene therapy.
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Abstract
AIM: To investigate the expression level of ZNRD1 gene in
gastric cancer cells SGC7901 and gastric cancer MDR
(multidrug resistant) cells SGC7901/VCR, and to observe
the drug sensitizing and proliferation effect of ZNRD1
antisense nucleic acid transduction on SGC7901/VCR cells.
METHODS: Amplification of sequences encoding ZNRD1
from SGC7901/VCR cDNA by PCR. The levels of ZNRD1
mRNA expression were demonstrated using semiquantitative
reverse transcription polymerase chain reaction (RT-PCR).
Eukaryotic expression vector pcDNA3.1-anti ZNRD1 was
constructed and transfected into SGC7901/VCR cells by
lipofectamine. Immunochemical method was used to detect
the expression of protein in SGC7901/VCR cells and
transfectants. The cell cycle alteration and the intracellular
adriamycin (ADM) accumulation were observed by FACS.
Growth curve and drug sensitization of cells for vincristine
(VCR) were analyzed with MTT assay.
RESULTS: We cloned the open reading frame of full-length
ZNRD1. The expression of ZNRD1 showed higher in
SGC7901/VCR than in SGC7901 cells. The antisense ZNRD1
drug-resistant clones were selected after gene transfection.
Immunochemical results showed that the expression level
of ZNRD1 protein was lower in anti ZNRD1-SGC7901/VCR
cells than that in non-transfectants. Comparing to SGC7901/
VCR and pcDNA3.1-SGC7901/VCR, anti ZNRD1-SGC7901/
VCR showed gradually accumulated in G1 phase, with a
concomitant decrease of cell population in S phase. FACS
also suggested intracellular ADM accumulation increased
2fold in SGC7901/VCR cells after transfected with antisense
ZNRD1. MTT assay showed that transfectants cells
proliferation was lagged and more sensitive to VCR than
non-transfectants.
CONCLUSION: ZNRD1 gene displayed highly expression
in VCR resistant gastric cancer cells. Expression of ZNRD1
protein was effectively blocked in anti ZNRD1-SGC7901/VCR
cells by gene transfection. ZNRD1 antisense nucleic acid
transfection sensitized drug resistant gastric cancer cells to
VCR, increased ADM accumulation and inhibited the cells
proliferation. ZNRD1 antisense RNA transduction could
reverse the MDR of human drug-resistant gastric cancer
cell SGC7901/VCR to a degree.
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INTRODUCTION
Chemotherapy is one of the major methods in tumor treatment,
but it often does not work due to MDR. In previous studies,
we examined the expression of ZNRD1 is higher in VCRresistant (SGC7901/VCR) cells than in parental cells SGC7901
by Subtractive Hybridization. The purpose of this study was
to investigate the expression and effect of ZNRD1. We
transfected ZNRD1 antisense nucleic acid, which is a Homo
sapiens transcription-associated zinc ribbon protein, into VCRresistant gastric cancer cells, and observed the expression of
target protein in transfectants and the sensitivity of transfectants
to chemotherapeutic agents in order to find the ground for
reversing gastric cancer MDR.
MATERIALS AND METHODS
Material
Gastric cancer cell line SGC7901, VCR-resistant gastric cancer
SGC7901/VCR cells, DH5α bacterial strain and rat anti human
ZNRD1 polyclonal antibody were kept in our department. The
expression vector pcDNA3.1 + was from our department.
EcoRV, Xba I, BamHI, cloning vector pUCm-T and T4 DNA
ligase were purchased from Takara; MTT, DEPC from Sigma.
TRIZOL, M-MuLV RT enzyme, Taq DNA polymerase,
DMEM, Lipofectamine and G418 were products of Gibco
BRL, and Primer from Sangon, Shanghai. Avidin biotin
peroxidase complex (ABC) kit was obtained from Vector. VCR
from Shanghai Hualian Pharmaceutical Co. Ltd, and ADM
from Meiji Pharmaceutical Co. Ltd.
Methods
Cell culture The MDR subline SGC7901/VCR was developed
by exposing the parental SGC7901 cells to stepwise increasing
concentrations of anticancer drugs VCR. All cells were
cultivated in DMEM supplemented with 10 % heat-inactivated
in 5 % CO2 atmosphere. Medium
fetal bovine serum at 37
for SGC7901/VCR cells was further supplemented with VCR
(1.0 µg/ml). Before use in experiments, SGC7901/VCR cells
were cultured in drug-free medium for 2 weeks. Cell stocks
were cultivated in these conditions until nearly confluent and
subcultured at 1:20 dilution or plated for experiments.
RT-PCR of ZNRD1 Total cellular RNA was extracted from
SGC7901 and SGC7901/VCR cells using TRIZOL reagent,
cDNA was transcripted from mRNA by RT-PCR. Total RNA
(5 µg) and random primer (2 µg) in DEPC water were denatured
at 65
for 15 min, then 4 µL 5×reverse transcriptase buffer,
3 µL 10 mmol·L-1 dNTP, 1 µL M-MuLV reverse transcriptase
(200 U) and DEPC water were added to have the total volume
of 20 µL. The reaction was performed at 25 for 10 min, then
42 for 1 hour, and 70 for 10 min to inactivate the reverse
transcriptase. PCR was performed in a 50 µl reaction mixture
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containing 2 µL reactant, 2.5 U Taq DNA polymerase,
deoxynucleoside triphosphates (0.2 mM each), and 1.5 mM
MgCl2. The sense primer (5’-ccaactccctcctcagacccg-3’) and
antisense primer (5’-cctgggcaaatatacagtcc-3’) designed
according to the DNA sequence of ZNRD1 (GenBank accession
no. AF024617). The PCR consisted of initial denaturation at
94 for 5 min, followed by 30 reaction cycles (50 s at 94 and
60 , and 30 s at 70 ) and a final cycle at 72 for 10 min. The
β2-microglobulin was used to internal standard. The amplified
fragments were detected by agarose gel electrophoresise.
Construction of recombinant pUCm-T-ZNRD1 and
sequencing of ZNRD1 The PCR product of about 434 bp was
isolated and ligated with pUCm-T vector by T4 DNA ligase. E.
Coli DH5α was transformed with the resulted recombinants
pUCm-T-ZNRD1 and the positive bacteria colonies were screened
by ampicillin resistant and blue-white screening with X-gal and
IPTG. The cDNA of ZNRD1 cloned in pUCm-T was sequenced
by the dideoxynucleotide termination procedure of Sanger.
Construction and identification of antisense nucleic acid
The ZNRD1 cDNA was generated by digestion of pUCm-TZNRD1 plasmid with EcoR V and BamHI restriction enzyme
site. Under T4 DNA ligase, cDNA fragment was inserted in
the reverse orientation into the pcDNA3.1+ expression vector
that was linearized with the same enzymes. The recombinant
plasmid was identified through enzyme digestion and agarose
gel electrophoresis.
Gene transfection and selection The pcDNA3.1-anti
ZNRD1 (1 µg) diluted in 100 µl DMEM was mixed with 2 µl
lipofectamine, and placed at room temperature for 10 min.
The mixture was then transfected into 1×105 SGC7901/VCR
cells. After 24 h incubation at 37 , the culture was rinsed
and re-fed with fresh growth medium. After transfection 48 h,
the culture was split and then selected in the culture medium
containing the neomycin analogue G418 (400 mg/L). At the
same time, pcDNA3.1+ vector that lacked target genes transfected
cells and non-transfectants served as negative controls.
Immunocytochemistry The expression of ZNRD1 was
detected by immunocytochemical staining with the ABC kit.
Cells were seeded in glass slides in DMEM at 37 for further
24 h, slides were washed with phosphate-buffered saline (PBS)
for 3-5 min, then fixed in cold acetone for 5 min; 50 mL·L-1
H2O2 was added and incubated at room temperature for 10-15
min then added 3 g·L-1 TritonX-100 for another 15 min. The rabbitanti-human polyclonal antibody ZNRD1 and normal rabbit serum
were used at dilution of 1:100, and incubated at 4
over
night; Biotinylated goat anti-rabbit IgG was added and incubated
for 1 h, then incubated with avidin DH-Biotinylated
at 37
peroxidase for 45 min. Finally, color was developed by immersion
of the sections in a peroxidase substrate solution DAB.
Cell cycle Cells were harvested, washed with PBS twice and
fixed with ethanol at 4 overnight. Fixed cells were washed
twice with PBS and stained with propidium iodide. The
fluorescence indensity of propidium iodide-stained nuclei was
determined by flow cytometric analysis.
Adriamycin accumulation According to described previously[1],
cells were cultured in 6-well culture plates at 37
for 48 h,
ADM was added to the final concentration of 5 mg·L-1. After
further culture for 1 h, PBS was used as negative controls.
Cells were harvested and suspended in cold PBS; intracellular
adriamycin fluorescence intensity was determined by flow
cytometric analysis with the stimulative and acceptant wave
length at 488 nm and 575 nm, respectively.
Growth curve Exponentially growing cells (103) were trypsinized
and inoculated in 96-well plates. The cells were allowed to attach
overnight and then incubated for eight days. Cell number and
viability were determined by MTT cytotoxic assay. The cells in
three wells were supplemented with 20 µl MTT solution (5 g/L)
every day. After 4 h, culture media were discarded followed by
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addition of 150 µl DMSO to melt crystal. The absorbance (A) was
measured at 490nm using a microplate reader.
Drug sensitivity assay Dose-survival curves defining the
sensitivity of SGC7901/VCR, pcDNA3.1-SGC7901/VCR and
anti ZNRD1-SGC7901/VCR transfectants to VCR was obtained
using MTT cytotoxic assay. Cells (103-104) diluted with 200 µl
10 % DMEM were seeded into 96 well plates, after culturing
for 12 h, added VCR (0.05, 0.5, 5 and 50 µg/mL) according to
the clinically established plasma peak concentration. Three days
later, the absorbance (A) was measured as previously described
above. The percentage of viable cells was calculated as follow:
(A of experimental group /A of control group)×100 %. The IC50
was obtained by Nosa soft.

Statistical analysis
Student’s t test was used to assess statistical significance of
differences. If P<0.05, the difference was considered significant.
RESULTS
Semiquantitative RT-PCR
To examine ZNRD1 gene expression in MDR subline
SGC7901/VCR and SGC7901 cell line with Semiquantitative
RT-PCR. Two fragments were amplified, ZNRD1 cDNA
(434bp) and endogenous control gene β 2-microglobulin
(118bp). It is revealed significantly higher ZNRD1 expression
in SGC7901/VCR than in SGC7901 cell line (Figure 1).

M

1

2

3

4

Figure 1 Semiquantitative RT-PCR for ZNRD1 and β 2 microglobulin. M: Marker (DL2000); Lane 1.3: SGC7901 cells;
2.4: SGC7901/VCR cells.

Construction of recombinants
The recombinant of pUCm-T-ZNRD1 was constructed with the
human ZNRD1 inserted into the cloning site of vector pUCmT. Selection and identification of the recombinant was carried
out by EcoRV/XbaI endonuclease digestion and agarose
electorphoresis (Figure 2). The cloned DNA segments in selected
recombinants were sequenced completely. According to the
results of DNA sequencing, the cDNA in a selected recombinant
was identical to the DNA sequence of ZNRD1 (GenBank
accession no. AF024617) in the reading frame.
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Figure 2 Electrophoresis of PCR product and pUCm-T-ZNRD1
digested with enzymes. Lane 1: PCR product; Lane 2,3: Marker
(200bp); Lane 4: recombinant of pUCm-T-ZNRD1 cleaved by
EcoRV and XbaI; Lane 5: recombinant of pUCm-T-ZNRD1.
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Construction of eukaryotic expression vector
The EcoRV/BamHI fragment containing the complete ZNRD1
cDNA was subcloned into the pcDNA3.1+ expression vector.
Selection and identification of the recombinants were carried
out by EcoRV/BamHI endonuclease digestion and agarose
electrophoresis (Figure 3). The pcDNA3.1+ vector carrying the
neomycin-resistance gene for the selection of transfected cells.
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Adriamycin accumulation
The effects of ZNRD1 antisense nucleic acid on ADM
accumulation in SGC7901/VCR cells were determined by flow
cytometric analysis. When cells were cultured in drug-DMEM,
intracellular drug concentration would increase and finally
stabilized at the highest plateau value, which was called
adriamycin accumulation. The fluorescence intensity of
SGC7901/VCR, pcDNA3.1-SGC7901/VCR and anti ZNRD1SGC7901/VCR cells, mean fluorescence of 104 cells, is 3.68,
5.70, and 7.24 respectively. The intracellular ADR
accumulation marked increase 2fold.
Inhibition of cell proliferation by ZNRD1 antisense nucleic acid
Cell cycle When transfected SGC7901/VCR cells with
ZNRD1 antisense nucleic acid, the cell cycle obtained by FCM
was as shown in Table 1. The anti ZNRD1-SGC7901/VCR cells
gradually accumulated in G1 phase, with a concomitant decrease
of cell population in S phase.

3

Figure 3 Electrophoresis identification of pcDNA3.1-anti
ZNRD1. Lane 1: pcDNA3.1-anti ZNRD1/EcoRV+BamHI; Lane
2: pcDNA3.1-anti ZNRD1; Lane 3: Marker (200bp).

Establishment of transfectants
When transfected cells were cultured selectively by G418 for
4-5 weeks, resistant clones formed gradually. In contrast, all
nontransfectants died two weeks after G418 selection. Resistant
clones were further incubated in the presence of low dose G418
for 40-50 days. We got resistant clones, anti ZNRD1-SGC7901/
VCR cells.
Expression of ZNRD1
We detected ZNRD1 protein expression in transfectants by
immunocytochemistry. All cells had positive staining, staining
on anti ZNRD1-SGC7901/VCR cells was weaker than that on
SGC7901/VCR, ZNRD1 protein was expressed mostly in the
nucleus (Figure 4).

Table 1 Cell cycle distribution of three kinds of cell lines
(Number fraction)
Cell line
SGC7901/VCR
pcDNA3.1-SGC7901/VCR
Anti ZNRD1-SGC7901/VCR

G1

G2

S

G1/G2

0.572
0.652
0.744

0.111
0.091
0.118

0.317
0.256
0.138

1.900
1.887
1.881

Growth curves The cells viability were daily measured by MTT
proliferation analysis. The growth curve showed that cell growth
was suppressed after transfected with ZNRD1 antisense nucleic
acid (Figure 5).

Absorbance (A490)

896

0.4

SGC7901/VCR

0.3

pcDNA3.1SGC7901/VCR

0.2

anti ZNRD1SGC7901/VCR

0.1
0.0

1

2

3 4
5
6
Culture time (d)

7

8

Figure 5 Growth curve of cells.

A

B
Figure 4 Detection of ZNRD1 expression in cells by immunocytochemical staining. ×200. A: SGC7901/VCR; B: anti ZNRD1SGC7901/VCR.

Drug sensitivity assay
The IC 50 of SGC7901/VCR, pcDNA3.1-SGC7901/VCR
and anti ZNRD1-SGC7901/VCR cells treated with VCR
is 50.51±0.3, 42.68±0.79, 10.87±0.25 (µg/mL), respectively.
The anti ZNRD1-SGC7901/VCR cells were more sensitive
to VCR (P<0.01).
DISCUSSION
Multidrug resistance (MDR), the principal mechanism by
which many cancers develop resistance to chemotherapeutic
drugs, is a major factor in the failure of many forms of
chemotherapy. There are several ways for cancer cells to
develop resistance or defense mechanisms against cytotoxic
drugs[2-4]. Several molecules have been found to confer MDR
phenotype of tumor cells, such as P-gp, MRP, LRP, BCRP,
GSH/GSH, TopoII, apoptosis associated proteins and antiapoptosis proteins. We found the MDR markers are differently
over-expressed and no coexpression exists in gastric cancer,
MGr1-Ag was a novel MDR protein [5-7]. However, these
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molecules could not interpret completely how tumor cells
develop MDR. The key to the clinical use of reversal agents
therefore lies in searching for agents with low toxicity and
high reversal activity. For gene therapy has very low toxicity,
it might therefore be suitable for clinical use.
SGC7901/VCR is a vincristine-resistant SGC7901 cell line,
and it overexpresses P-gp and is cross-resistant to several anticancer drugs. In previous studies, we have identified that 54
cDNA fragments were preferentially expressed in SGC 7901/
VCR cells by DD-PCR[8]. We isolated differentially expressed
genes from drug-resistant human gastric adenocarcinoma cell
lines using a polymerase chain reaction-based subtractive
hybridization technique, and the expression of ZNRD1 is higher
in SGC7901/VCR cells than in parental cells SGC7901 [9].
ZNRD1 is a new zinc ribbon gene that cloned from the human
MHC class I region, named the gene ZNRD1 for zinc ribbon
domain-containing 1 protein[10]. Alignment with genomic DNA
demonstrates that this gene spans 3.6 kb and consists of four
exons and three introns. The full-length cDNA contains an
open reading frame of 378 bp. Within the putative
polypeptide of 126 amino acids, two zinc-ribbon domains
were identified: Cx2Cx15Cx2C at the N-terminal and
Cx2Cx24Cx2C at the C-terminal. The C-terminal domain
is actually folded as three β-sheets stabilized by a zinc ion
instead of finger like helices, compared to TFIIS zinc ribbon
folds, they fit each other very well. The conserved amino
acid sequence, CxRCx6Yx3QxRSADEx2TxFxCx2C is
highly homologous to the yeast RNA polymerase A subunit
9 and transcription-associated proteins.
Transcriptional initiation and elongation provide control
points in gene expression. The highly conserved eukaryotic
transcriptional elongation factor TFIIS helps overcome
elongation barriers and enhances proofreading by RNA
polymerase II (RNAPII). The nucleic acid binding domain of
TFIIS contains a Cys4 Zn(2+)-binding site with no homology to
previously characterized Cys4, Cys6, or Cys2-His2 Zn fingers.
Its solution structure exhibits a novel three-stranded antiparallel
beta-sheet (designated the Zn ribbon), extends the repertoire
of Zn-mediated peptide architectures and highlights the
growing recognition of the beta-sheet as a motif of nucleicacid recognition. The TFIIS functions may be modulated by
the Zn ribbon domain through interactions with nucleic acids
in the elongation complex. The RNAPII contain a Zn ribbon,
in as much as the polymerase’s 15-kDa subunit contains a
sequence that aligns well with the TFIIS Zn ribbon sequence,
including a similarly placed pair of acidic residues. It has
demonstrated that TFIIS Zn ribbon is critical for stimulation
of both elongation and RNA cleavage activities of RNAPII.
Eukaryotic RNA polymerase II subunit 9 (RPB9) contains Zn
ribbon motifs homologous to TFIIS; it regulates start-site
selection and elongational arrest. RNAPII lacking the Rpb9
subunit uses alternate transcription initiation sites in vitro and
in vivo and is unable to respond to the transcription elongation
factor TFIIS in vitro. Alanine substitutions in the C-terminal
zinc ribbon domain of Rpb9, like amino acid substitutions in
the homologous part of TFIIS, completely eliminated
elongation activity. It has show that RPB9 has a synthetic
phenotype with the TFIIS gene[11].
DNA primases are enzymes whose continual activity is
required at the DNA replication fork. They catalyze the
synthesis of short RNA molecules used as primers for DNA
polymerases. All DNA primases contain a metal binding site,
which is composed of four conserved Cys or His residues
that could potentially coordinate zinc[12]. Motif IV in the small
subunit contains four cysteines that could form a zinc ribbon
motif as a member of the zinc ribbon subfamily of zinc
binding motifs.
The ability to selectively regulate the expression of genes
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implicated in cancer could have important ramifications for both
basic research and for therapy. Using peptide combinatorial
libraries expressed in yeast, Bartsevich[13] has screened for a
novel zinc finger proteins that selectively bind to an overlapping
EGR1/SP1/WT1 regulatory site in the promoter of the MDR1
multidrug resistance gene. The novel proteins were only
moderately effective in blocking transcription by simple masking
of the target site. However, when coupled to mammalian
transactivator or repressor domains, they could selectively
modulate the expression of reporter genes having promoters
containing the MDR1 target site. Moreover, they could also
regulate transcription of the chromosomal MDR1 gene. These
studies potentially provide a novel alternative approach to the
control of multidrug resistance. They also provide important
insights into strategies for developing selective regulators of
gene expression.
Thus, zinc ribbon is related to transcription and DNA
replication, and the construction is same to zinc finger. It may
regulate the expression of genes to control MDR.
Semiquantitative RT-PCR analysis is a sensitive and specific
method; it is revealed that the RNA expression levels of
ZNRD1 were significantly higher in SGC7901/VCR cells than
that in SGC7901 cells. We transducted ZNRD1 antisense RNA
into SGC7901/VCR cells, then found that intrinsic ZNRD1
protein was decreased, and transfected cells were more
sensitive to VCR and cell growth was suppressed, the cell cycle
was notably changed, the G1 phase cells were gradually
increased, with a concomitant decrease of cell population in S
phase, these observations suggest that ZNRD1 antisense RNA
may be involved in the action of the G1 checkpoint and
inhibition of DNA replication. ADR can emit fluorescence;
its intensity represents its accumulation, which was markedly
enhanced in transfectants. The results suggested that the
formation of MDR in SGC7901/VCR cells was associated with
over expression of ZNRD1. Because gastric cancer is common
in China and some areas in the world[14-33], these results may
be important for further study.
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Abstract
AIM : T h e e x p r e s s i ve b a l a n c e b e t w e e n m a t r i x
metalloproteinase-9 (MMP-9) and its tissue inhibitor of
metalloproteinase-1 (TIMP-1) plays a critical role in
maintaining the degradation and synthesis of extracellular
matrix. Loss of such balance is associated with invasion and
metastasis of tumors. This study aimed to determine the
expression of MMP-9 and TIMP-1 in gastric carcinoma, and
the association of the expressive imbalance between MMP9 and TIMP-1 with the invasion and metastasis and prognosis
of gastric carcinoma.
METHODS: We used immunohistochemistry to determine
the expressions of MMP-9, TIMP-1 and proliferating cell
nuclear antigen Ki-67 in the gastric specimens taken from
256 patients with primary gastric carcinoma. The patients
were followed-up for up to 96 months.
RESULTS: No association between the expression of MMP9 and TIMP-1 and patients’ sex and age, tumor size and
location of gastric carcinoma was observed. The incidence
of the positive expression of MMP-9 in cases with tumors
invasion to muscularis propria and visceral peritoneum
(70.13 % and 69.09 %, respectively) was significantly higher
than that in cases with tumor invasion only to lamina propria
or submucosa (42.50 %, P=0.0162). The positive correlation
between MMP-9 expression and the depth of tumor invasion
was observed (Pearson correlation coefficient=0.2129,
P=0.016). Along with the increase of the metastatic station
of lymph nodes, the incidence of the MMP-9 expression was
increased by degrees; a positive correlation between them
was observed (Pearson correlation coefficient=0.2910,
P=0.0001). There was also a significant correlation between
MMP-9 expression and the TNM stage in gastric carcinoma
(Pearson correlation coefficient=0.3027, P<0.0001). The
incidence of MMP-9 expression in stage II and III/IV (75.00 %
and 76.15 %, respectively) was significantly higher than
those in stage I (46.15 %, P<0.0001). A negative correlation
between TIMP-1 immunoreactivity and the depth of invasion,
status of lymph node metastasis and TNM stage was
observed (Pearson correlation coefficient =-0.1688, -0.3556

and -0.3004, P=0.023, <0.0001 and <0.0001, respectively).
Four types of co-expression of MMP-9 and TIMP-1 were
observed; i.e. MMP-9 positive but TIMP-1 negative (n=115),
both positive (n=52), both negative (n=62) and MMP-9
negative but TIMP-1 positive (n=27). The frequency of
serosal invasiveness was significant higher in patients with
MMP-9 but without TIMP-1 expression than those with other
types of the co-expression (P=0.0303). The incidence of
lymph node metastasis was highest in patients with MMP-9
but without TIMP-1 expression, and lowest in those with
TIMP-1 but without MMP-9 expression (P<0.0001). The
survival rate in patients with MMP-9 but without TIMP-1
expression was lower than that in those with TIMP-1 but
without MMP-9 expression (P=0.0014).
CONCLUSION: Our results in gastric carcinoma demonstrated
a significant positive association of MMP-9 over-expression
with proliferation of tumor cells, the depth of invasiveness,
lymph node metastasis and TNM stage, suggesting MMP-9
can serve as a molecular marker of tumor invasion and
metastasis. We also demonstrate a significant negative
relationship of TIMP-1 expression with the depth of
invasiveness and lymph node metastasis, which provide a
new idea in the tumor biological and genetic treatment.
The interaction between MMP-9 and TIMP-1 in the processes
of tumor invasion and metastasis is that MMP-9 mainly
promotes tumor invasion and metastasis and TIMP-1 inhibits
functions of MMP-9. The imbalance between MMP-9 and
TIMP-1 expression may suggest the occurrence of tumor
invasion and metastasis, predict poor prognosis. For patients
with imbalanced MMP-9 and TIMP-1 expression, the optimal
treatment scheme needs to be selected.
Zhang S, Li L, Lin JY, Lin H. Imbalance between expression of
mat rix me tallo protei nase- 9 and tissu e inh ibitor of
metalloproteinase-1 in invasiveness and metastasis of human
gastric carcinoma. World J Gastroenterol 2003; 9(5): 899-904
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INTRODUCTION
The malignant behavior of tumor cells mainly depends on the
capability of invasion and metastasis of cancer cells. After the
components of the extracellular matrix (ECM) are degraded,
tumor cells invade the surrounding tissue and the vascular or
lymphatic vessels to form metastatic colonies at distant sites.
Matrix metalloproteinase-9 (MMP-9) can degrade the main
components of the ECM, type IV and V collagen and gelatin[1-6],
thus, its activities are closely related to the ability of the
invasiveness and metastasis of tumor cells [7,8]. Increased
expression of matrix metalloproteinases (MMPs) renders the
tumor cells capable of digesting essential tissue barriers
especially basement membranes lining the blood vessels,
thereby promoting the cells’ motility. By forming a 1:1 complex
with MMP-9 and inhibiting its enzymatic activity[2,9,10], tissue
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inhibitor of metalloproteinase-1 (TIMP-1) plays negative role
in the invasion and metastasis of tumor cells[11]. Therefore,
attentions have been paid to the role of MMP-9 and TIMP-1
in the progress of tumor, and it has been reported that the
expression of MMP-9 and TIMP-1 was correlated[12], but the
relationship of their expressive imbalance to the invasion and
metastasis in gastric carcinoma was rarely reported. In the
present study, we study the expressive pattern of MMP-9 and
TIMP-1 in 256 patients with primary gastric carcinoma by
immunohistochemistry, as well as the relationship of their
expressive imbalance to invasion and lymph node metastasis
and prognosis of gastric carcinoma. We demonstrated that the
expressive imbalance of MMP-9 and TIMP-1 was significantly
associated with the invasion and metastasis of gastric carcinoma.

than negative control, 1, for light staining, and 2, for heavy
staining. Immunoreactivity was scored according to the
percentage of immunoreactive cells over total tumor cells
counted as 0, if <5 % cells were stained; 1 if 5-25 % cells were
immunoreactive, 2 if 26-50 % cells were immunoreactive and
3 if >50 % cells were immunoreactive. The expression of
MMP-9 and TIMP-1 was finally defined according to the score
obtained from the grade of intensity multiplied by the score of
cell immunoreactivity, i.e. negative (-, score 0-1), positive (+,
score 2-3), and strong positive (++, score 4 or above).
The positive expression of Ki-67 staining was in the nuclei
of the carcinoma cells. Ki-67 labeling index was defined as
the ratio of immunoreactive cells over 1 000 tumor cells
counted labeling.

MATERIALS AND METHODS
Materials
Two hundred fifty-six patients who underwent a surgery for
the primary gastric carcinoma at the First Affiliated Hospital
of Fujian Medical University, between 1991 and 1999, and
had sufficient clinical materials were selected for this study.
These patients comprised 186 males and 70 females. The
median age was 60 with a range from 23 to 84 years. All studied
patients had not been accepted for radiation therapy and
chemotherapy before the operation. The histological findings,
lymph node metastasis and TNM stage were evaluated based
on World Health Organization Classification of Tumors[13,14].
Follow-up information was available for 167 patients.

Statistical analysis
The χ2 analysis was used for univariable categorical analysis.
The relationship of the expressive imbalance between MMP9 and TIMP-1 to the postoperative survival was tested for
prognostic significance in gastric carcinoma specific survival
using Kaplan-Meier survival curves and the log-rank test. All
statistical analysis was performed using the SPSS 6.0 statistical
software program. A value of P<0.05 was considered
statistically significant.

Methods
The specimens were fixed in formalin and embedded in paraffin
wax, sliced serial step sections of 4 µm thickness and stained
by hematoxylin-eosin.
Immunohistochemistry
Paraffin sections (4 µm thick) were immunostained with antimouse monoclonal antibodies for MMP-9 (GE-213, 1:10,
NeoMarkers), TIMP-1 (102D1, 1:10, NeoMarkers) and Ki67 (MB67, Ready, NeoMarkers) by the peroxidase-conjugated
streptavidin complex method. Sections were deparaffinized
and heated in a microwave oven for 10 min to retrieve the
antigens. They were immersed in 3 % hydrogen peroxide in
100 % methanol for 10 min to block the endogenous peroxidase
activity. After incubated in normal horse serum for 20 min, the
tissue sections were incubated with the primary antibodies for
120 min at room temperature. The sections were incubated with
biotinylated rabbit anti-mouse immunoglobulins G for 20 min
and then treated with peroxidase-conjugated streptavidin for 20
min. The sections were immersed into DAB solution. The slides
were counterstained with haematoxylin solution, dehydrated and
mounted. Between steps, the slides were washed three times
with phosphate buffered saline (PBS). As a negative control,
PBS was used instead of the primary antibody.
Two independent observers without knowledge of the
clinical outcomes evaluated the degree of immunohistochemical
staining. All sections for which the two observers disagreed
were re-evaluated until there was a complete agreement on
the classification.
Immunohistochemical analyses of MMP-9, TIMP-1 and Ki-67
labeling index
Figures 1 and 2 show a positive expression of MMP-9 and
TIMP-1, respectively. They were expressed within the cell
membrane and/or cytoplasm. The intensity of staining in cell
m em b r an e an d cy to p lasm an d th e p er ce n tag e o f
immunoreactive cells to total tumor cells were evaluated. The
intensity of staining was graded as 0, when staining not greater

RESULTS
Relationship between MMP-9 expression and the clinical
pathological parameters of gastric carcinoma
MMP-9 was mainly expressed within the cytoplasm and
cytoplasmic membranes of the gastric carcinoma cells (Figure
1). Among 256 primary gastric carcinomas, the incidence of a
positive expression of MMP-9 in carcinoma cells was 65.23 %
(167/256), with the incidence of strong immunoreactivity of
13.67 % (35/256). No significant correlations between the
expression of MMP-9 and sex, age, location and size of tumors
were observed. As shown in Table 1, the incidence of the
positive expression of MMP-9 in cases whose tumors invaded
to muscularis propria and visceral peritoneum (70.13 % and
69.09 %, respectively) were significantly higher than those
whose tumors only invaded to lamina propria or submucosa
(42.50 %, P=0.0162). A significant correlation between MMP9 expression and the depth of tumor invasion was observed
(Pearson correlation coefficient=0.2129, P=0.016). Along with
the increase of the metastatic station of lymph nodes, the
incidence of the MMP-9 expression was increased by degrees;
a positive correlation between them was observed (Pearson
correlation coefficient=0.2910, P=0.0001). We also
demonstrated a significant correlation between MMP-9
expression and the TNM stage of gastric carcinoma (Pearson
correlation coefficient=0.3027, P<0.0001), the incidence of
MMP-9 expression was significantly higher in stage II and
III/IV (75.00 % and 76.15 %, respectively) than in stage I
(46.15 %, P<0.0001, Table 1).
Relationship between TIMP-1 expression and the clinical
pathological parameter in gastric carcinoma
A total of 79 (30.89 %) patients had positive immunohistochemical
staining for TIMP-1 in the cytoplasm and cytoplasmic membrane
of the gastric carcinoma cells, with the strong positive staining
only five (1.95 %) cases (Figure 2). No statistical correlation
between TIMP-1 immunoreactivity and sex, age, location and
tumor size was observed. There were significant negative
correlations between TIMP-1 immunoreactivity and the depth
of invasion, status of lymph node metastasis and TNM stage
(Pearson correlation coefficient =-0.1688, -0.3556 and -0.3004,
P=0.023, <0.0001 and <0.0001, respectively, Table 1).
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Table 1 MMP-9 (matrix metalloproteinase-9) and TIMP-1 (tissue inhibitor of metalloproteinase-1) expression and clinicopathological characteristics of gastric carcinoma
Expressing levels of MMP-9

Expressing levels of TIMP-1
P value

n
-

+

++

Positive rate (%)

186

61

100

25

67.20

70

28

32

10

60.00

P value
-

+

Positive rate (%)

127

59

31.72

50

20

28.57

57.28

58.64

(1) Sex
Male
Female

>0.05

>0.05

(2) Age
Mean

55.00

58.33

61.36

±

±

±

12.19

11.31

±
SD

>0.05

8.48

±

>0.05

±

12.19

10.22

(3) Location
Cardia

63

14

36

13

77.78

39

24

38.10

Corpus

33

10

18

5

69.70

>0.05

23

10

30.30

Antrum

140

55

71

14

60.71

101

39

27.86

Others

20

10

7

3

50.00

14

6

30.00

>0.05

(4) Tumor size(cm)
<5

124

52

59

13

58.06

132

37

73

22

71.69

80

44

34.38

97

35

26.51

109

24

61

24

77.98

63

46

42.20

Poorly differentiated

98

38

53

7

Undifferentiated

18

13

4

1

61.22

77

21

21.43

27.78

14

4

Mucinous

31

14

14

22.22

3

54.84

23

8

25.81

40

23

15

2

42.50

23

17

42.50

77

Visceral peritoneum 139

23

54

10

70.13

48

29

37.66

43

73

23

69.06

106

33

23.74

98

51

40

7

47.96

47

51

52.04

N1

130

34

73

23

73.85

103

27

20.77

N2

28

4

19

5

85.71

27

1

3.57

91

49

36

6

46.15

46

45

49.45

56

14

35

7

75.00

40

16

28.57

109

26

61

22

76.15

91

18

16.51

669.83

720.09

5

>0.05

>0.05

(5) Histological type
Well-moderately

>0.05

>0.05

differentiated

(6) Depth of invasion
Lamina propria

<0.05

<0.05

or submucosa
Muscularis propria
(7) Lymph node metastasis
Negative

<0.01

<0.01

(8) TNM stage
I
II
III-IV

<0.01

<0.01

(9)Ki-67labeling index
Mean
±

±

SD

129.48

±
126.64

751.77

716.95
<0.01

±
120.81

±
119.67

684.53
>0.05

±
122.34

SD: Standard deviation.
Table 2 Association between the expression of MMP-9 (matrix metalloproteinase-9) and TIMP-1 (tissue inhibitor of
metalloproteinase-1) and invasion and metastasis of gastric carcinoma
Penetrating visceral peritoneum
MMP-9 expression

TIPM-1 expression

n
+
-

a

Lymph node metastasis

n
Ratio(%)

n

Ratio(%)

-

115

74

64.35

97

84.35

+

52

22

42.31a

23

44.23ab

-

62

32

51.61a

33

53.32ab

+

27

12

44.44a

5

15.52a

P<0.05 vs MMP-9(+)TIMP-1(-); bP<0.05 vs MMP-9(-)TIMP-1(+).
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Relationship of the expression of MMP-9 and TIMP-1 to the
postoperative survival of patients with gastric carcinoma
Follow-up (6-97 months) information was available for 167
patients with gastric carcinoma. The postoperative survival rate
appeared to decrease in patients with MMP-9 expression
compared with those without MMP-9 expression, and in
patients without TIMP-1 expression compared with those with
TIMP-1 expression, although their difference was not
statistically significant (P>0.05). However, the correlation
between the expressive imbalance of MMP-9 and TIMP-1 and
the postoperative survival was demonstrated. The survival rate
was significantly decreased in patients with the co-expression
pattern 1 compared with those with the co-expression pattern
4 (P=0.0014, Table 3, Figure 3).
Figure 1 MMP-9 (matrix metalloproteinase-9) strongly positive staining. Membrane or cytoplasm of gastric cancer cells
was stained brown. (SP method ×400).

Table 3 Association between the expression of MMP-9
(matrix metalloproteinase-9) and TIMP-1 (tissue inhibitor
of metalloproteinase-1) and the prognosis of patients with
gastric carcinoma
Survival (%)

n

Relationship between MMP-9 and TIMP-1 expression and Ki67 labeling index
As shown in Table 1, the higher the expression of MMP-9 in
gastric carcinoma, the higher the Ki-67 labeling indexes in tumor
cells (F=6.7013, P=0.0015). There was no significant
difference in Ki-67 labeling index between the positive group
and negative group of TIMP-1 expression in gastric carcinoma
(F=3.4474, P>0.05).
Relationship of the expressive imbalance between MMP-9
and TIMP-1 to the invasiveness and metastasis of gastric
carcinoma
According to the expression of MMP-9 and TIMP-1 in gastric
carcinoma tissues, four patterns of co-expression were
observed: 1, MMP-9 positive but TIMP-1 negative, or MMP9 expression greater than TIMP-1 expression, n=115 (44.92 %);
2, MMP-9 and TIMP-1 both positive, n=52 (20.13 %); 3,
MMP-9 and TIMP-1 both negative, n=62(24.22 %); 4, MMP9 negative but TIMP-1 positive, or TIMP-1 expression greater
than MMP-9 expression, n=27 (10.55 %). Whereas patterns 2
and 3 of the co-expression of MMP-9 and TIMP-1 were defined
as balanced, the co-expression patterns in 1 and 4 were defined
as imbalanced. The frequency of the serosa invasiveness in
patients with the co-expression pattern 1 was significant higher
than those with other patterns (P=0.0303). Similarly, the
incidence of lymph node metastasis was highest in patients
with the co-expression pattern 1 and lowest in those with the
pattern 4 (P<0.0001, Table 2).

2 yr

5 yr

50
117

80.42
68.09

70.33
55.77

60.92
44.15

>0.05

121
46

67.48
82.93

56.62
68.81

41.23
68.81

>0.05

83
34
38
12

64.87
76.08
73.48
100.00

53.62
60.90
63.74
88.89

36.75
60.90
49.42
88.89a

<0.05

Note: A: MMP-9(+)TIMP-1(-); B: MMP-9(+)TIMP-1(+); C: MMP9(-)TIMP-1(-); D: MMP-9(-)TIMP-1(+), aP<0.05 vs A.
MMP-9(-)
TIMP-1(+)
MMP-9(+)
TIMP-1(-)

10
Survival rate

Figure 2 TIMP-1 (tissue inhibitor of metalloproteinase-1)
strongly positive staining. Membrane or cytoplasm of gastric
cancer cells was stained brown. (SP method. ×400).

MMP-9 expression
+
TIMP-1 expression
+
Co-expression of
MMP-9 and TIMP-1
A
B
C
D

P value

1 yr

8
6
4
2
0
0

20

40

60

80

100

Survival time (months)

Figure 3 The association between expressive imbalance of
MMP-9 (matrix metalloproteinase-9) and TIMP-1 (tissue inhibitor of metalloproteinase-1)and postoperative survival in gastric carcinoma.

DISCUSSION
Expression of MMP-9 and invasiveness, metastasis and
prognosis of gastric carcinoma
Degradation of extracellular matrix (ECM) and basement
membranes by the tumor cells is a critical step in the processes
of tumor invasion and metastasis. MMP-9 is one member of
the matrix metalloproteinase families, and characterized by
substrate high-specificity and capable of degrading several
components of ECM, including type IV collagen molecules
which form the major component of the basement membrane.

Zhang S et al. Matrix metalloproteinase-9 and tissue inhibitor of metalloproteinase-1 in human gastric carcinoma

Increased levels of MMP-9 have been implicated in the invasive
potential of tumors[1-4]. There was a trend towards a higher
proportion of active MMP-9 with an increasing grade of breast
carcinoma, endometrial carcinoma, colorectal carcinoma,
papillary thyroid carcinoma and squamous cell carcinoma of
the head and neck[15-19]. In this study, we observed positive
expression of MMP-9 in 65.23 % of patients with gastric
carcinoma, but no association of the expression of MMP-9
with sex, age, tumor size and location. These results were
similar to the results reported by Murray et al[12] and Hou et al[20].
In contrast to the Murray’s and Hou’s study, we also
demonstrated there was a significant correlation between
MMP-9 expression and proliferation of tumor cells, the depth
of invasiveness, lymph node metastasis and TNM stage of
gastric carcinoma. Pereda et al also found that high levels of
matrix metalloproteinases promoted the proliferation of
pituitary adenomas cells[21]. Kabashima et al reported that
MMP-9 expression correlated with lymph node metastasis in
intramucosal gastric carcinoma[22]. Torri et al reported that
preoperative plasma MMP-9 concentration correlated closely
with severity of T, N and M classification, and stage[23]. These
results suggest that over-expression of MMP-9 plays an
important role in the progress of gastric carcinoma, and MMP9 protein may be served as a marker for invasiveness and
metastasis of gastric carcinoma. We also noticed that MMP-9
expression increased dramatically in advanced tumors
compared with early tumors, whereas there was no such
difference between different stages of the advanced tumors.
These results suggested that MMP-9 expression might play an
important role in the early progress of gastric carcinoma. Sier
et al reported that the expression and activation of MMP-9 in
tumor tissues were of prognostic significance for poor overall
survival of the patients with gastric carcinoma, independent
of the major clinicopathological parameters[8,24]. Although there
was a decreasing trend of survival in the patients with MMP9 expression compared with those without the expression, the
difference was no significant. Maatta et al reported the similarly
results in hepatocellular carcinoma and pancreatic
adenocarcinoma[25]. The relation of MMP-9 to the prognosis
of gastric carcinoma still was needs to be further investigated.

Expression of TIMP-1 and invasiveness, metastasis and
prognosis of gastric carcinoma
During the process of invasiveness and metastasis of tumors,
the secretion and activation of metalloproteinases (MMPs) is
not sufficient to degrade ECM components, as its enzymatic
activity can be inhibited by a family of endogenous inhibitors,
the tissue inhibitors of metalloproteinase (TIMPs). TIMP-1, a
28.5 kDa glycoprotein, is the first member of the TIMP family,
and known to form a complex of 1:1 stoichiometry with
activated collagenase, stromelysin and MMP-9 to inhibit their
activities. Watanabe et al found that the transfection of the
complete human TIMP-1 cDNA into highly metastatic human
gastric carcinoma cell line KKLS notably decreased the
formation of liver metastases when transplanted into nude
mice[11]. It is suggested that TMP-1 is a negative regulators in
the process of tumor metastasis. The expression of TIMP-1 in
gastric carcinoma has not been widely examined so far. In our
study, a negative association between TIMP-1 expression and
invasiveness and metastasis and TNM stage was observed, but
there was no association between TIMP-1 expression and sex,
age, tumor size and location in gastric carcinoma. These results
were opposite to the results reported by Mimori et al that the
expression of TIMP-1 mRNA in the biopsy samples from
human gastric carcinoma tissues (T) was higher than in the
biopsy samples from the corresponding normal tissues (N),
and a higher T/N ratio of TIMP-1 mRNA correlated with
lately advanced stage and poor prognosis of human gastric
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carcinoma[26]. Other studies also showed that the increased
TIMP-1 expression correlated with poor prognosis variables,
including shortened survival, in patients with renal cell
carcinoma and lung cancer[8,27]. Several studies have shown
that TIMP-1 possesses two activities, i.e. inhibitory activity of
metalloproteinases, and growth promoting function[2,28]. Our
findings suggest that, TIMP-1 in the progress of human gastric
carcinoma functions mainly as an inhibitor of metalloproteinases,
subsequently blocking the invasiveness and metastasis of tumor
cells. Our findings may offer a new idea in the biological and
genetic treatment for gastric carcinoma[29-34]. In our study, the
survival rate of patients with TIMP-1 expression was higher
than those without TIMP-1 expression, although difference
was not significant. Further studies are needed to determine
whether or not TIMP-1 expression alone can serve as a marker
predicting the prognosis of patients with gastric cancer.

Imbalance between expression of MMP-9 and TIMP-1 in the
invasiveness, metastasis and prognosis of gastric carcinoma
Under physiological conditions the expression of MMPs and
TIMPs is highly coordinated at the level of gene expression,
and this balanced expression guarantees normal tissue structure
and organ function, and prevents both excessive ECM
deposition and increased ECM degradation. As some factors
in malignant tumors contributes to the over-expression of
MMPs without matched TIMP expression, and thus, this balance
was broken, thereby, the ECM was degraded and the cancer
metastasis was occurred. By contraries, over-expression of
TIMPs can prevent the degradation of ECM and inhibit the
cancer invasion and metastasis. TIMP-1 can bind to the catalytic
domain of MMP-9 in a 1:1 stochiometry to form complex, so
inhibiting the enzymatic activity of MMP-9 [2,9,10]. Murray et al
revealed the correlation between the expression of MMP-9 and
the expression of TIMP-1 in gastric carcinoma[12,27,35]. However,
observation concerning the association of imbalance between
the expression of MMP-9 and TIMP-1 with invasion and
metastasis in gastric carcinoma has rarely been published. We
found that the tumor invasion and metastasis was more frequent
in the cases with positive expression of MMP-9. However, the
extents of invasion and metastasis in gastric carcinoma
significantly decreased if the TIMP-1 was also expressed in these
cases at the same time. This suggests that MMP-9 mainly exert
functions of promoting cancer invasion and metastasis, while
TIMP-1 independently exerts the inhibiting function for cancer
invasion and metastasis during the processes of the invasion
and metastasis of gastric carcinoma. We also found that the
incidence of visceral peritoneum invasion and lymph node
metastasis was the highest in the cases with MMP-9 expression
but without TIMP-1 expression, whereas, the incidence of lymph
node metastasis in the cases with the TIMP-1 expression but
without MMP-9 expression was the lowest, with the modest
incidence in cases with balanced expression of MMP-9 and
TIMP-1. These findings strongly support the hypothesis the
expressive imbalance between MMP-9 and TIMP-1 is an
important factor in tumor invasion and metastasis. In brief,
altered balance of expression between MMP-9 and TIMP-1 plays
a central role in progression of gastric carcinoma. According to
our follow-up information, we found, for the first time, that
although MMP-9 or TIMP-1 alone may not serve as an
indicator for patient prognosis, there is a significant association
of the expressive imbalance between MMP-9 and TIMP-1 with
the postoperative survival of patients with gastric carcinoma.
Our data suggest that patients with over-expression of MMP9 and no expression of TIMP-1 have more aggressive tumor
progression and a lower survival rate.
In conclusion, our results indicate a significant positive
association between MMP-9 expression and proliferation of
tumor cells, the depth of invasiveness, lymph node metastasis
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and TNM stage of gastric carcinoma, suggesting MMP-9 can
serve as a molecular marker of tumor invasion and metastasis.
Our results also demonstrate a significant negative association
of TIMP-1 expression with the depth of invasiveness and lymph
node metastasis, which provides a new idea in tumor biological
and genetic treatment. The interaction between MMP-9 and
TIMP-1 in the processes of tumor invasion and metastasis is
that MMP-9 mainly promotes tumor invasion and metastasis
whereas TIMP-1 inhibits the functions of MMP-9. Imbalance
between MMP-9 and TIMP-1 expression may predict the
occurrence of tumor invasion and metastasis and poor prognosis.
For these patients with imbalanced MMP-9 and TIMP-1
expression, the optimal treatment scheme needs to be selected.
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Abstract
AIM: To investigate the relationship between inactivation
of p16 gene and gastric carcinoma, and the mechanism of
inactivation of p16 gene in gastric carcinogenesis.
METHODS: 40 fresh tumor tissue specimens were taken
from primary gastric cancer patients. Expression of P16
protein was detected by immunohistochemical method.
Deletion and point mutation of p16 gene were analyzed by
polymerase chain reaction (PCR) and DNA sequencing,
respectively.
RESULTS: The frequency of loss of P16 protein expression
in the gastric cancer tissue, adjacent nontumor tissue, and
distal normal tissue was 77.5 % (31/40), 55.0 % (22/40),
and 17.5 % (7/40), respectively (P<0.005). Homozygous
deletion of exon 1 and exon 3 was observed in two and
three cases, respectively, giving an overall frequency of
homozygous deletion of 12.5 %. All five cases had diffuse
type gastric carcinoma. No p16 gene point mutation was
detected.
CONCLUSION: These findings suggest a close correlation
between inactivation of p16 gene and gastric carcinoma.
Further investigations are needed to testify the mechanism
of inactivation of p16 gene in gastric carcinogenesis.
Zhao GH, Li TC, Shi LH, Xia YB, Lu LM, Huang WB, Sun HL,
Zhang YS. Relationship between inactivation of p16 gene and
gastric carcinoma. World J Gastroenterol 2003; 9(5): 905-909
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INTRODUCTION
Gastric carcinoma (GC) is common in China[1-19]. From 1991
to 2000, 18,029 inpatients with malignant tumor had been
treated in the Affiliated Yijishan Hospital of Wannan Medical
College. 2,859 cases were GC sufferers, which accounted for
16 % of the total inpatients and ranked the first in malignant
tumor. The statistical data showed that GC was one of the
commonest tumors in South Anhui province. Therefore, it

would have clinical significance to explore the pathogenesis
of gastric carcinogenesis.
Early in 1994, Kamb et al[20] and Norobi et al[21] reported
their studies on p16 gene simultaneously but independently.
p16 gene is located in chromosome 9p21, consisting of 2 introns
and 3 exons. Exon 1 contains a region of 126 bp, while exon 2
contains a region of 307 bp, and exon 3 contains a region of
11 bp. In recent years, studies have revealed homozygous
deletion and mutation of p16 gene, predominantly in exon 2,
in various malignant tumor, suggesting that p16 gene is a
multiple tumor suppressor 1 (MTS1)[20-33].
The mechanism of p16 gene in gastric carcinogenesis
remains unidentified. Some studies have suggested that p16
gene alteration in GC presents itself in different mechanism
from other tumors. The alteration is infrequent in exon 2, but
exists predominantly in exon 1 and 3[34-36]. In this study, using
polymerase chain reaction (PCR), DNA sequencing analysis
and an immunohistochemical method, the fresh tumor
specimens of 40 GC patients were examined for homozygous
deletion, point mutation of p16 gene and expression of P16
protein to verify the relationship between p16 gene alteration
and GC.

MATERIALS AND METHODS
Gastric carcinoma specimens
Under sterile conditions, fresh tumor specimens and their
adjacent non-tumor ( 3 cm away from the tumor) and distal
( 5 cm away from the tumor) normal appearing tissues
were obtained in the course of surgery from 40 patients with
primary GC at the Affiliated Yijishan Hospital of Wannan
Medical College. None of the patients had received either
chemotherapy or radiotherapy prior to surgery. All of the
primary tumors were pathologically confirmed to be GC
cases, among which there were 26 males and 14 females.
The age ranged from 31 to 68 (mean 55.4) years old. 14 cases
h ad in testin al ty p e an d 2 6 cases d if fu se ty p e b y
histopathological typing. 12 cases had well-differentiated and
28 cases poorly differentiated.
DNA extraction
Approximately 50 mg tissue of GC was abraded with routine
methods and digested with proteinase K. DNA was extracted
by means of the routine phenol-chloroform method. The purity
and concentration of extracted DNA were detected with
ultraviolet spectrophotometer (Daojin Company, UV-2201
type). The extracted DNA was stored at 4 until use.
Polymerase chain reaction
The three exons of p16 gene were amplified by employing 3
pairs of primers. The primers 1 and 3 were synthesized by
Shanghai Boya Company, and the primer 2 by Saer
Biotechnology Company of Shanghai Cell Biology Institution.
The sequence of primers and the length of PCR products were
listed in Table 1.
PCR was performed in 50 µL reaction volume containing 0.2
µg DNA template, 2 U Taq DNA polymerase (Shanghai Sangon
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Company), 10 pmol/L each pair of primers, 0.2 mmol/L dNTP,
1.5 mmol/L MgCl2, 5 µL 10×buffer. PCR reaction was carried
out in a thermal cycle machine (Perkin-Elmer, 480 type) for an
initial 5 min denaturation step at 98 . After Taq DNA
polymerase was added, the thermal cycle followed. The
reaction conditions consisted of denaturation at 94
for 45
s, annealing at 58 for 50 s for exon 1, 56 for 60 s for exon
2, 52
for 50 s for exon 3, extension at 72
for 60 s, on
completion of 35 cycles, at last extension at 72 for 5 min. 10
µL of PCR product was loaded into the gel, and a 100 bp DNA
ladder was used as a marker. The PCR products were
electrophoresed at voltage of 100 V on 2 % agarose gel for
30 min and visualized under UV illumination using an
ethidium bromide stain. The results were photographed by
a digital camera.
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Figure 1 The PCR products of p16 gene exon 1. M: marker 100
bp. ladder; Line 1-11: gastric carcinoma; Line 1-2: homozygous
deletion.

Table 1 The primer sequence of the p16 gene
Exon Sequence of the primer

1S

M

Product Temperature for
of PCR (bp) annealing ( )

5’TCTGCGGAGAGGGGGAGAGCAG 3’

1A

5’GCGCTACCTGATTCCAATTC 3’

2S

5’TTCCTTTCCGTCATGCCGG 3’

2A

5’GTACAAATTCTCAGATCATCAGTCCTC 3’

3S

5’GGATGTTCCACACATCTTTG 3’

3A

5’ATGAAAACTACGAAAGCGGG 3’

280

58

394

56

189

52

1

2

3

4

5

6

7

8

9

10

11

S: sense; A: antisense.

DNA sequencing analysis
The GC specimens that produced amplified product were
reamplified by PCR. PCR was performed in 100 µL reaction
volume. The products were purified using Spin PCRapid
Purification kit (Promage Company), and then together with
PCR primers were sequenced (dideoxy chain termination) by
an ABI Prism 377 DNA sequencer (Perkin-Elmer Company)
in Shanghai Sangon Company.
Immunohistochemistry
The sections were deparaffined, boiled and retrieved in citric
acid buffer for 10 min. Then, the immunohistochemical
streptavid-in-peroxidase (SP) method was used according
to the specification of SP kit. The known positive sections
were used as a positive control. Phosphatic buffer solution
(PBS) replacing the primary antibody was used as a negative
control in every experiment. Mouse-anti-human P16 (ZJ11)
and SP kit were products of Fuzhou Maixin Biotechnology
Company.
RESULTS
Deletion and mutation of p16 gene
Of 40 GC specimens in PCR products, exon 1 and exon 3
were not detected in 2 cases and 3 cases, respectively. But all
of specimens were detected the PCR product of exon 2. These
findings indicate that homozygous deletion of p16 gene exon
1 and exon 3 exist in GC (Figure 1, 2, 3). The frequency of
deletion of p16 gene was 12.5 % (5/40). All five cases with
p16 gene deletion had poorly differentiated were all diffuse
type GC, with staging of PT3N2M0, as assessed by pathological
section analysis.
Amongst the 35 GC cases in whom p16 deletion was not
detected, 10 cases were randomly selected for DNA
sequencing. No point mutation was detected in these GC
specimens when compared with the normal p16 gene cDNA
sequence[37].

Figure 2 The PCR products of p16 gene exon 2. M: marker 100
bp ladder; Line 1-11: gastric carcinoma.
M

1

2

3

4

5

6

7

8

9

10

11

Figure 3 The PCR products of p16 gene exon 3. M: marker 100
bp. ladder; Line 1-11: gastric carcinoma; Line 1-3: homozygous
deletion.

Expression of P16 protein
Expression of P16 protein in GC tissues, adjacent nontumor
tissue ( 3 cm) and distal normal tissue ( 5 cm) were
summarized in Table 2 and Figure 4, 5, 6. Using χ2 test, the
value of χ 2 was 29.40, P<0.005, which has significant
difference. These data revealed a strong correlation between
inactivation of p16 gene and gastric carcinogenesis.
Table 2 P16 protein expression at GC
Negative

The frequency
of P16 protein
expression loss (%)

9

31

77.5

40

18

22

55.0

40

33

7

17.5

Hisological types

n

Gastric carcinoma

40

Adjacent nontumor tissue ( 3 cm)
Distal normal tissue ( 5 cm)

Positive
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Figure 4 p16 protein expression in gastric carcinoma ×200.

Figure 5 p16 protein expression in adjacent nontumor tissue ×200.

Figure 6 p16 protein expression in distal normal tissue ×200.

DISCUSSION
Fission of tumor cells undergoes a regular cell cycle as normal
cells do, which is commonly divided into G1, S, G2, and M
phase. When a cell goes into the cell cycle, the cell depends on
activation of cyclin dependent kinase (CDK). Only combined
with a cyclin, can CDK be activated, and inhibited when it
combines with a series of proteins. These proteins known as
cyclin dependent kinase inhibitors are a group of small
molecular proteins that are involved in the negative regulation
of the cell cycle. Alteration of these proteins results in
uncontrollable cell proliferation and thus carcinogenesis. P16
protein is one of these proteins so that mutation and deletion
of p16 gene lead to uncontrollable cell proliferation, and then
carcinogenesis[1, 20, 21, 37-40]. The relationship between alteration
of p16 gene and carcinogenesis of various tumors has been
verified[1, 20-36, 41].
In this study, homozygous deletion of exon 1 and exon 3
was observed, respectively, in 2 cases and 3 cases with poorly
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differentiated diffuse type GC amongst 40 samples. The
frequency of deletion was 12.5 %. Our results showed that
alteration in p16 gene was highly associated with poorly
differentiated GC, which is almost identical to the observations
by Lu et al[34] and Lee et al[35]. Therefore, it is suggested that
alteration of p16 gene is associated with the differentiation
degree and metastasis of GC. In contrast, Wu et al[36] reported
that deletion of p16 gene was frequently encountered in the
intestinal type, with a lower frequency in the diffuse type.
Furthermore, He et al[41] reported that there was homozygous
deletion of p16 gene exon 2 in GC, with a frequency of 20.0 %.
Our finding does not tally with above observation[34-36]. We
randomly selected 10 of the 35 GC cases without p16 gene deletion
for DNA sequencing, no point mutation was detected. The results
reveal that point mutation of p16 gene is rare in gastric
carcinogenesis. It coincides with previous findings[34-36, 41].
In human primary GC, deletion and point mutation of p16
gene are infrequent, but loss of expression of P16 protein is
common. Some studies have found[1, 35, 40-42] that the frequency
of loss of P16 protein expression ranges from 52 % to 90 %.
Our results agree with these studies. We found that the
frequency of loss of expression of P16 protein was 77.5 %. It
had statistically significant difference with adjacent non-tumor
tissue (55.0 %) and distal normal appearing tissue (17.5 %)
(P<0.005). These results suggest that inactivation of p16 gene
is strongly associated with gastric caicinogenesis, however,
deletion and point mutation of p16 gene are not the major
mechanism of p16 inactivation in GC.
The methylation-specific PCR (MSP) method established
by Herman et al[43] in 1996 has significantly promoted the
research on the interrelationship between hypermethylation and
gene silencing. Subsequent studies have revealed high
frequency of hypermethylation in p16 gene 5’ promotor regions
in various tumors, with frequency ranging from 60 % to
8 9 % [44-48] . Inactivation of p16 gene correlates with
hypermethylation of 5’ promotor regions CpG island in GC.
Some studies have found that hypermethylaion in the promotor
regions CpG island is an important mechanism for p16 gene
inactivation in GC, whereas deletion and point mutation of the
gene are rarely seen[49-56]. The CpG island hypermethylation
occurred early in multistep gastric carcinogenesis tends to
accumulate along the process[55]. P16 gene with methylated
promotor regions would reexpress P16 protein when it is treated
with 5-aza-2’-deoxycytidine which demethylates[35] or when the
inducers of hypermethylation are eliminated[57,58]. The effect
mechanism of p16 gene is to inhibit cell cycle directly, and it is
easy to perform gene targeting or protein modification because
p16 gene is small. Therefore, it is needed to further investigate
the relationship between p16 gene inactivation and gastric
carcinogenesis, and the mechanism of p16 gene inactivation,
since it is of significant clinical implications in early diagnosis,
therapy and prognosis.
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Abstract
AIM: To investigate the expression of TFF2 and Helicobacter
pylori infection in carcinogenesis of gastric mucosa.
METHODS: The expression of TFF2 was immunohistochemically
analyzed in paraffin-embedded samples from 119 patients
with endoscopic biopsy and subtotal gastrectomy specimens
of gastric mucosal lesions, including 16 cases of chronic
superficial gastritis (CSG), 20 chronic atrophic gastritis (CAG),
35 intestinal metaplasia (IM), 23 gastric epithelial dysplasia
(GED) and 25 gastric carcinoma (CA), and Helicobacter pylori
infection was detected by Warthin-Starry staining.
RESULTS: 1: TFF2 was located in the cytoplasm of gastric
mucous neck cell. The expression of TFF2 was 100 %,
100 %, 0, 56.5 % and 0 in CSGs, CAGs, IMs, GEDs and
CAs, respectively. 2: The value of TFF2 positive cell density
in CSG with Helicobacter pylori infection was higher than
that without Helicobacter pylori infection. (52.89±7.27vs
46.49±13.04, P>0.05); But the value of TFF2 positive cell
density in CAG and GED with Helicobacter pylori infection
was significantly lower than that without Helicobacter
pylori infection (18.17±4.09vs 37.93±13.80, P<0.01 and
14.44±9.32vs 24.84±10.22, P<0.05).
CONCLUSION: Increase of TFF2 expression in CSG is
perhaps associated with the protective mechanism after
gastric mucosal injury. Decrease of TFF2 expression in CAG
possibly attributes to the decrease in the number of gastric
gland cell expressing TFF2. Re-expression of TFF2 in gastric
epithelial dysplasia implies that TFF2 possibly contributes to
the initiation of gastric carcinoma. The effect of Helicobacter
pylori on the expression of TFF2 depends on the status of
gastric mucosa.
Hu GY, Yu BP, Dong WG, Li MQ, Yu JP, Luo HS, Rang ZX.
Expression of TFF2 and Helicobacter pylori infection in
carcinogenesis of gastric mucosa. World J Gastroenterol 2003;
9(5): 910-914
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INTRODUCTION
Trefoil factor family 2 (TFF2), also known as spasmolytic
polypeptide (SP), is one of three known mammalian trefoil
peptides. Trefoil peptides are small (7-12 kDa) protease-

resistant proteins secreted by the gastrointestinal mucosa in a
lineage-specific manner. While expressed and secreted
preferentially by gastric mucous neck cell [1,2], TFF2 is
upregulated in diverse pathological conditions of
gastrointestinal tract, which involves regeneration and
restitution of epithelial lineage during the epithelial cell injury,
mucosal protection and healing of ulcer[3-5]. However, the
relationship between TFF2 expression and gastric carcinoma
is still not fully elucidated. In the present study, we evaluated
the expression of TFF2 and Helicobacter pylori infection in a
series of gastric mucosal lesions. The aim of this study was in
two aspect: to characterize the expression pattern of TFF2 on
carcinogenesis of gastric mucosa; and to study the relationship
between the expression of TFF2 and Helicobacter pylori
infection.

MATERIALS AND METHODS
Tissue material
The gastric mucosal lesions of all 119 patients who had
undergone surgical resection or endoscopic biopsy in the
Renmin Hospital of Wuhan University from March 2001 to
March 2002 were studied. There were 16 cases of chronic
superficial gastritis (CSG), 20 chronic atrophic gastritis (CAG),
35 intestinal metaplasia (IM), 23 gastric epithelial dysplasia
(GED) and 25 gastric carcinoma (CA). Tissue fragments were
fixed in 10 % formaldehyde and embedded in paraffin. Serial
sections of 4 µm were stained with haematoxylin and eosin
(HE) , Warthin-Starry and by immunohistochemistry.
Immunohistochemistry of TFF2 protein
A modification of the streptavidin-peroxidase method was
applied to immunohistochemistry and with 3, 3’diaminobenzidine (DAB) as the chromogen (Ultrasensitive SP
Kit, DAB, FuZhou Maixin Biotechnology Co). Sections was
with monoclonal antibody
incubated for one hour at 37
against human TFF2 (hSP, diluted 1:35, Novocastra
Laboratories Ltd). All batches of staining included positive
control. Negative control was performed by replacing the
primary mAbs with Tris buffer solution (TBS). The value of
positive cell density was determined by image analysis system
of HPIAS2000.
Warthin-Starry staining
Histological examination with Warthin-Starry staining
technique was used for Helicobacter pylori infection diagnosis
in all cases, and was identified as positive brown-black or black
staining of Helicobacter pylori.
Scoring of immunoreactivity
Immunoreactivity were scored according to the presence of
immunoreactive cells: -, none or rate positive cells (<5 %); +,
5-25 % ; ++, 25-75 %; +++, >75 %.
Statistical analysis
All results are expressed as means plus or minus SD unless
otherwise stated, and analyzed by software of SPSS 10.00.
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The statistical significance of difference was evaluated with
the Student’s t test. A P value of less than 0.05 was considered
statistically significant.

RESULTS
Expression pattern of TFF2 protein in carcinogenesis of
gastric mucosa
TFF2 protein was located in the cytoplasm of gastric
epithelial cells and gastric gland mucous neck cells by
immunohistochemistry, and positive cells were stained brownyellow. TFF2 protein was expressed in all the chronic superficial
gastritis and chronic atrophic gastritis (Figure 1-2), but the scoring
of TFF2 staining was higher in chronic superficial gastritis than
in that chronic atrophic gastritis. The expression of TFF2 was
partly detected (56.5 %) in the gastric epithelial dysplasia
(Figure 3). There was no expression of TFF2 in the intestinal
metaplasia and gastric carcinoma. (Figure 4-5) (Table 1).

Figure 1 The expression of TFF2 protein in chronic superficial
gastritis by immunohistochemistry (SP×200).

Figure 4 No expression of TFF2 protein in intestinal metaplasia,
but the expression observed in its surrounding tissues (SP×100).

Figure 5 No expression of TFF2 protein in gastric carcinoma
(SP×100).
Table 1 The expression pattern of TFF2 protein in carcinogenesis of gastric mucosa
TFF2
Classification

Figure 2 The expression of TFF2 protein in chronic atrophic
gastritis by immunohistochemistry (SP×200).

Figure 3 The expression of TFF2 protein in gastric epithelial
dysplasia by immunohistochemistry (SP×100).

Cases

Rates of positivity
-

+

++

+++

CSG

16

0

1

5

10

100 %

CAG

20

0

5

11

4

100 %

IM

35

35

0

0

0

0

GED

23

10

9

2

2

CA

25

25

0

0

0

56.5 %
0

Table 2 The relationship between the expression of TFF2 and
H.pylori infection
Classification
CSG
H.pylori (+)
H.pylori (-)
CAG
H.pylori (+)
H.pylori (-)
IM
H.pylori (+)
H.pylori (-)
GED
H.pylori (+)
H.pylori (-)
CA
H.pylori (+)
H.pylori (-)

Cases

TFF2

t test

8
8

52.89±7.27
46.49±13.04

P>0.05

12
8

18.17±4.09
37.93±13.80

P<0.01

16
19

0

12
11

14.44±9.32
24.84±10.22

15
9

0

P<0.05
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The relationship between the expression of TFF2 and
Helicobacter pylori infection
The positive rate of Helicobacter pylori was 53.8 % (64/119)
in our cases. The value of TFF2 positive cell density in chronic
superficial gastritis with Helicobacter pylori infection was
higher than that without Helicobacter pylori infection
(52.89±7.27 vs 46.49±13.04, P>0.05), but the difference was
not statistically significant; While the value of that in chronic
atrophic gastritis and dysplasia with Helicobacter pylori
infection was significantly lower than that without Helicobacter
pylori infection (18.17±4.09 vs 37.93±13.80, P<0.01 and
14.44±9.32 vs 24.84±10.22, P<0.05), and the difference was
statistically significant (Table 2).
DISCUSSION
We undertook the present study in order to characterize the
pattern of TFF2 protein expression in carcinogenesis of gastric
mucosa. In conformity with data in the literature [2] ,
immunohistochemical expression of TFF2 was not observed
at the surface epithelium, although expression of the
corresponding mRNA was previously detected by in situ
hybridization[2]. We observed, as did others, the expression of
TFF2[2,6] in the mucous cells of the antrum, the chief cells of
the body and neck zone cells.
In this study, we have clarified the expression pattern of
TFF2 protein in carcinogenesis of gastric mucosa. In chronic
superficial gastritis and atrophic gastritis, the high expression
of TFF2 was observed in all cases. As a cytoprotective factor,
TFF2 protein was induced as a result of gastric mucosal injury.
Our results confirmed an important cytoprotective and
restitutive role for TFF2. The mechanism of protective and
healing effect of TFF2 on the gastric mucosa is still not fully
elucidated. In vitro,TFF2 stimulated cell migration[7]. It has
recently been shown that hTFF decreased proton permeation
through interacting with mucus in vivo and in vitro[8], and oral
TFF2 binds to the mucus layer of the stomach [9], which
accelerates the gastric ulcer healing in rat. Further, we also
discovered that the scores of TFF2 staining were higher in
chronic superficial gastritis than that in chronic atrophic
gastritis, which might attribute to the decrease in the number
of mucous neck cell expressing TFF2 in chronic atrophic
gastritis. There was no expression of TFF2 protein in intestinal
metaplasia and gastric carcinoma, but TFF2 protein was
observed in surrounding tissues of intestinal metaplasia and
gastric carcinoma, which suggested the expression of TFF2
could be associated with the phenotype of gastric epithelial
cell differentiation. Although it had been reported by Machado
et al[10], the expression of TFF2 was observed in 10 (10.4 %)
of 96 cases of gastric carcinomas.
Furthermore, we also found that there were 13 out of 20
cases with re-expression of TFF2 in gastric epithelial dysplasia.
It was well known that dysplasia is a precancerous lesion of
stomach, and TFF2 could contribute to the initiation of gastric
carcinoma. In 1999, Schemidt et al[11] found the SPEM (SPexpressing metaplasia) lineage was detected in 91 % of gastric
carcinoma, typically located in mucosa adjacent to the
carcinoma or areas of dysphasia. And others studies[12] also
discovered that SPEM was identified in 88 % of the
surrounding mucosa in the remnant cancers, as well as 61 %
of the follow-up biopsies. In the malignant resections, 67 % of
the surface dysplasia displayed SP positive cells. All findings
implicated a strong association of the SPEM lineage with gastric
carcinoma. At present, no confirmed relationship could be found
between TFF2 and carcinoma[11-19]. However, Farrell et al[20]
generated a model of TFF2-deficient mice, and suggested a
physiologic role of TFF2 in promoting mucosal healing through
the stimulation of proliferation and downregulation of gastric
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acid secretion. In other words, increased TFF2 expression and
secretion could contribute directly to gastric cancer risk not
only through stimulation of proliferation, but also through
inhibition of acid secretion. Meanwhile, our results and others
[11]
showed there was loss of TFF2 in all gastric carcinoma cases.
Therefore, it is impossible that TFF2 expression plays an
important role in the progression of gastric carcinoma. Whether
TFF2 can directly or indirectly contribute to carcinogenesis of
gastric mucosa will be required for further studies.
Gastric carcinoma is the most common tumor in
gastrointestinal tract[21-32], more and more studies suggested that
Helicobacter pylori infection was significantly associated with
gastric carcinoma and was a high risk factor for gastric
carcinoma[33-52]. It has been reported that an increase in the
number of mucous neck cells expressing TFF2 has been
observed in both Helicobacter infected human patients[12] and
Helicobacter-infected mice with both preneoplastic[53] and
neoplastic[54] changes of the gastric mucosa. In all of these
findings, it was likely that Helicobacter pylori infection would
contribute to the expression of TFF2 by promoting the
proliferation of gastric mucosal cell, which would be a
mechanism of Helicobacter pylori contributing to
carcinogenesis of gastric mucosa. Then, we examined
retrospectively the Helicobacter pylori infection of all cases
by Warthin-Starry staining, and found that the value of TFF2
positive cell density was higher in chronic superficial gastritis
with Helicobacter pylori infection than that without, which
suggested that TFF2 was induced in the early stage of
Helicobacter pylori infection. Nevertheless, its value was
significantly lower in chronic atrophic gastritis and dysplasia
with Helicobacter pylori infection than that without. We
inferred that low expression of TFF2 was associated with a
decrease in the number of gastric mucosal cell as result of
Helicobacter pylori infection. As a result, the effect of
Helicobacter pylori on the expression of TFF2 could depend
on the status of gastric mucosa.
In conclusion, early-stage or short-term upregulation of
TFF2 appears to be helpful in healing of gastric mucosa, but
prolonged up regulation may in fact contribute to
carcinogenesis, Further studies will be needed to define the
role of TFF2 in Helicobacter pylori-associated chronic gastritis
and gastric carcinoma.
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Abstract
AIM: To evaluate the potential role of Nimesulide, a selective
COX-2 inhibitor, in proliferation and apoptosis of gastric
adenocarcinoma cells SGC7901.
METHODS: Cell counts and MTT assay were used to quantify
the influence of Nimesulide in the proliferation of SGC7901
cells. Transmission electron microscopy and flow cytometry
were used to observe the induction of Nimesulide the
apoptosis of SGC7901 cells and influence in the distribution
of cell cycle. The expression of P27kip1 protein was observed
by immunocytochemical staining.
RESULTS: SGC-7901 Cells treated with Nimesulide at
various concentrations exhibited a profound dose- and timedependent reduction in the proliferation rate over the 72 h
test period. The highest survival rate of the cells was 78.7 %,
but the lowest being 22.7 %. Nimesulide induced apoptosis
of the cells in a dose-dependent and non-linear manner
and increased the proportion of cells in the G0/G1 phase and
decreased the proportion in the S and G2/M phase of the
cell cycle. Meanwhile, Nimesulide could up-regulate the
expression of P27kip1 protein.
CONCLUSION: The induction of apoptosis and cell cycle
arrest are both anti-proliferative responses that likely
contribute to the antineoplastic action of nimesulide on SGC7901 cells. The up-regulation of P27kip1 gene may contribute
to the accumulation of these cells in the G0/G1 phase following
treatment with Nimesulide. Selective COX-2 inhibitor may
be a new channel of the chemoprevention and chemotherapy
for gastric carcinoma.
Li JY, Wang XZ, Chen FL, Yu JP, Luo HS. Nimesulide inhibits
proliferation via induction of apoptosis and cell cycle arrest in
human gastric adenocarcinoma cell line. World J Gastroenterol
2003; 9(5): 915-920
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among
the most commonly used medications. Recently, numerous
studies have shown that NSAIDs can reduce the risk of

colorectal cancer. The mechanism of action of NSAIDs is
principally due to the inhibition of cyclooxygenase (COX).
COX exists in two isozyme forms: COX-1 is a constitutive
form of the enzyme, and COX-2, a cytokine-inducible form
of the enzyme. Enhanced COX-2 expression was observed in
esophageal, gastric, colorectal, liver, lung, prostate, the head
and neck cancers[1-10]. These findings suggest that COX-2 may
play an important role in carcinogenesis. It is thought that
inhibition of COX-2 activity by NSAIDs as the antineoplastic
mechanism of this class of drugs and gastrointestinal
complications of using NSAIDs attribute to the inhibition of
COX-1. For this reason, development of selective COX-2
inhibitors was promoted. Current, studies on the relationship
between COX-2 and NSAIDs with neoplasm focused on the
studies of colorectal carcinomas[11-15]. Gastric carcinoma is the
most common malignancy and the first leading cause of cancer
deaths in our country, its pathogenesis is not completely
understood and treatment for advanced tumors are relatively
poor [16-21] . Therefore, an increased understanding of
pathogenesis of gastric carcinoma and developing effective
treatment approaches are very important. Prophylaxis and
treatment of NSAIDs for gastric carcinoma are emphasized.
Epidemiological studies show that NSAIDs can also reduce
the incidence rate and mortality from gastric carcinoma.
Nimesulide,a selective COX-2 inhibitor, was found to be
between 5 and 16 fold selective that for COX-2[22]. However,
effects of Nimesulide on the growth of gastric carcinoma cells
have not been studied.
In this study, we have tested the effects of Nimesulide in
proliferation, apoptosis and distribution of cell cycle of SGC7901 gastric adenocarcinoma cells, In order to seek theoretical
evidences for chemoprevention action of selective COX-2
inhibitor on gastric carcinoma.

MATERIALS AND METHODS
Cell culture
Human gastric adenocarcinoma cell line SGC-7901, purchased
from Shanghai Insititute of Cell Biology, Chinese Academy
of Sciences, was routinely maintained in RPMI 1640 containing
10 % fetal bovine serum (FBS), 100 U·ml-1 penicillin, 100 U·ml-1
in a humidified atmosphere containing
streptomycin at 37
5 % CO2.
Cell viability assay
SGC-7901 cells were plated at 3×104 cells/well in 24 well plates
for 24 h. At day 0, the medium was changed, incubations were
continued without or with increasing concentrations of
Nimesulide(50, 100, 200, 400 µmol·L-1) for 72 h. For the time
course experiments, cells were incubated with or without
Nimesulide and harvested at various intervals. Dead cells were
removed by gentle washing with PBS, and the number of living
cells after treatment was counted by a hemocytometer.
MTT assay
Cells were seeded at a density of 4×103 per well in 96-well
plates in RPMI-1640 containing 10 % FBS. After 24 h, fresh
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medium was added, containing Nimesulide at concentrations
of 0 to 400 µmol·L-1. During 72 h incubation, MTT assay was
performed every 24 h. Twenty µl of stock MTT (5 mg·ml-1)
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. A ELISA reader measured the
absorbance at a wavelength of 570nm.

Transmission electron microscopy
SGC-7901 cells were treated with Nimesulide at various
concentrations for 72 h. Then the cells were centrifugated and
fixed in glutaraldehyde for observation of transmission electron
microscopy.
Flow cytometry
SGC-7901 cells were treated with Nimesulide at a
concentration of 0 to 400 µmol·L-1 for 72 h. Cells were digested
by 2.5 g·L-1 trpsin, washed by 0.01M PBS, fixed by cold alcohol
at 4
and dyed with PI (propidium iodide), and then were
analyzed by flow cytometry.
Immunocytochemistry
SGC-7901 cells were added to 24-well plates with cover glassslides at 3×104 cells/well, after being incubated with Nimesulide
at the different concentrations of 0 to 400 µmol·L-1 for 72 h and
fixed in 95 % alcohol. After washing in 0.01M PBS, the cells
were incubated in 0.5 % H2O2 solution to inactive endogenous
peroxidase, nonspecific binding was blocked with normal
goat serum at room temperature for ten minutes.The cells
were incubated with anti-P27kip1 protein monoclonal
antibody (impromptu type, Zhong Shan Co) 2 h at 37 .
Immunocytochemical staining for P27kip1 was performed
using SP technique according to SP immunostain kit instructions
(Zhong Shan Co). PBS was used as substitutes of protein
antibody for negative controls. The positive signal of
immunocytochemical staining showed brown particles, and
distributed in the cytoplasm or nuclei. The absorbance value
(A value) of positive cells was detected by image analysis
software. The mean value under five random fields was regarded
as the relative quantity of P27kip1 protein expression.
Statistical analysis
Data were presented as x±s. Statistical analysis of the data
was performed using the Student’s t test, P<0.05 was
considered statistically significant.
RESULTS
Effect of Nimesulide on cell growth
Cell counts The number of viable cells following incubation
with either Nimesulide or control medium, is shown in Figure
1. This figure demonstrates that control SGC-7901 cells entered
a line growth and increased by approximately 7-fold within
72 h. Compared with control cultures, cultures treated with
Nimesulide displayed a dose-dependent reduction of viable
cell number in their proliferation rate over the 72 h test period.
At 200 µmol·L-1 and 400 µmol·L-1, Nimesulide strongly
inhibited the proliferation of these cells. At 400 µmol·L-1, the
proliferation curve was flat over the entire 72 h.
MTT assay In order to further investigate the growth inhibition
of Nimesulide on SGC-7901 cells, cell growth was determined
by MTT assay. The result was similar to cell counts. The
survival rate of the control groups is regarded as 100 %, and
the survival rate of Nimesulide group is expressed as the %
absorbance for treated wells/controls. As shown in Figure 2,
the highest survival rate of the cells was 78.7 %, but the lowest
was 22.7 %.
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Figure 1 Effects of various concentration of nimesulide on the
proliferation of SGC7901 cells for different time periods
analysing by cell counts (n=3).
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Figure 2 Effects of nimesulide on SGC-7901 cells analyzing
the cell survival using the MTT assay.
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Figure 3 (A) control group: Microvilli of SGC7901 cells were
enrichment, nucleus was large and round, chromatin was
disperse, nucleolus was distinct. TEM ×6000. (B) Treated with
nimesulide at the concentration of 400 µmol/L for 72 h: Disappearance of microvilli, margination of nuclear chromatin, the
organelle swelled up and physallization. TEM ×8000.
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Figure 4 The results of flow cytometry analysis of SGC7901 cells treated with nimesulide for 72 h and their DNA content was
determined by flow cytometry. A: DNA histogram: (a) control, (b) 50 µmol/L nimesulide, (c) 100 µmol/L nimesulide, (d) 200
µmol/L nimesulide, (e) 400 µmol/L nimesulide. B: The apoptosis percentage of nimesulde-treated SGC7901 cells.

Apoptosis of SGC-7901 cells induced by nimesulide
The TEM images of the normal SGC-7901 cells: Microvilli of
SGC7901 cells were abundant, nucleus was large and round,
chromatin was disperse, and nucleolus was distinct. After
treated with various concentrations of nimesulide for 72 h,
disappearance of microvilli, margination and condensation of
nuclear chromatin, nuclear shrinkage, the swollen organelle
and cytoplasmic blebbing with maintenance of the integrity of
the cell membrane (Figure 3). SGC-7901 cells were treated
with various concentrations of nimesulide for 72 h, DNA
content of cells was measured by PI staining and flow
cytometry analysis was made to detect apoptotic cells. The
apoptotic cells can be observed on a DNA histogram as
subdiploid or pre-G1 peak, which was especially remarkable
at the 400 µmol·L-1 concentration, and the percentage of
apoptotic cells increased to 22.02±1.27 % of the total cell
population. Nimesulide induced apoptosis of the cells in a dosedependent and non-linear manner (Figure 4).
Effect of Nimesulide on cell cycle phase distribution
We assessed the effect of Nimesulide in cell cycle phase
distribution of SGC-7901 cells using flow cytometry analysis.
The SGC-7901 cells incubated for 72 h in control or nimesulide
medium is shown in Table1. After 72 h treatment, Nimesulide
caused a dose-dependent alteration in the cell cycle distribution
of SGC-7901 cells, it increased the proportion of cells in the
G0/G1 phase and decreased the proportion in the S and G2/M
phases of the cell cycle.

Expression of P27kip1 protein
Before treatment with Nimesulide, the expression of P27kip1
protein was mainly located in the cytoplasm of SGC-7901
cells. After Incubated with different concentrations of
Nimesulide for 72 h, P27kip1 immunoreactivity in cytoplasm
was significantly increased, meanwhile nucleus exhibited
positive staining. Compared with controls, absorbance value
of P27 kip1 positive cells was increased after Nimesulide
treatment (Figures 5-6).

A

Table 1 Effect of Nimesulide in cell cycle progression of gastric cancer cells (x±s)
Concentration (µmol/L)
0
50
100
200
400
a

Percentage of cell cycle (%)
G0/G1
48.24±2.12
51.14±2.28
57.71±1.51b
64.82±2.16b
75.89±2.61b

P<0.05, bP<0.01, vs the control.

S
23.51±1.75
22.67±2.30
20.76±1.45
17.06±1.72b
10.16±0.79b

G2/M
28.10±2.17
26.15+1.56
21.52±2.07a
18.12±1.71b
13.45±1.20b

B
Figure 5 (A) Positive staing of P27kip1 protein was mainly in
cytoplasm of SGC-7901 cells before treated with nimesulide.
(B) Strong positive staing of P27kip1 protein was in cytoplasm
and in nuclei of of SGC-7901 cells after treated with nimesulide
at the concentration of 400 µmol/L. SP×200.
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Figure 6 Effects of nimesulide on P27kip1 proteins expression
in SGC-7901 cells. The data present x±s, n=3. bP<0.01 vs control.

DISCUSSION
Accumulating evidence indicates that NSAIDs can lower the
incidence of colorectal carcinomas. The anti-neoplastic
property of NSAIDs has been shown in epidemiological studies
with human, clinical studies of the human disease familial
adenomatous polyposis (FAP) and in experimental
carcinogenesis studies with animals[23-26]. NSAIDs may be
active on epithelial cancer other than colon cancer, such as
esophageal [27], pancreas [28], lung [29] and breast cancer [30].
However, long-term uses of non-selective NSAIDs can lead
to gastrointestinal toxicity from sustained inhibition COX-1.
With the recent development of highly selective COX-2
inhibitors, an evaluation of the effectiveness of these agents in
chemoprevention of cancer would be very important. Several
selective COX-2 inhibitors have been tested for their possible
utility as chemopreventive agents in colon cancer [31,32].
However, studies on the role of selective COX-2 inhibitor in
human gastric cancer are limited.
There are a lot of sensitive tests of anti-tumor medicine in
vitro. However, each test method has its merits and weak points.
So we detected growth inhibitive effect of Nimesulide on SGC7901 gastric cancer cells by two methods of cell counts and
MTT assay. We found that Nimesulide has anti-proliferative
effect on cultured SGC-7901 gastric cancer cells in vitro in a
dose- and time-dependent manner. Our findings that
Nimesulide have profound anti-proliferative effects on SGC7901 gastric adenocarcinoma cells are in agreement with
previous studies demonstrating that many of the selective COX2 inhibitors inhibit the proliferation of tumor cell line[33-35].
A number of studies have shown that NSAIDs have an effect
of growth inhibition of cancer cells, but the mechanism of the
antineoplastic effect of NSAIDs is unknown. These theoretically
could be related to the changes of the dynamics of cell
proliferation. This hypothesis is supported by the work of Bayer
et al, who demonstrated that indomethacin reversibly inhibits
the proliferation of human fibroblasts and rat hepatoma cells
and arrests them in the G1 phase of cell cycle[36]. An explanation
for the antineoplastic properties of NSAIDs was first suggested
by Adolphie, who reported that certain NSAIDs were capable
of inhibiting the proliferation of cultured HeLa cells by causing
cell cycle arrest[37]. Since NSAIDs may inhibit proliferation of
non-gastric cancer cells and change the distribution of cell cycle,
we guess that it may have the similar effects on gastric cancer
cells. We further studied the effects of Nimesulide on cell cycle
of SGC-7901 gastric cancer cells in vitro.
We found that Nimesulide can result in changes in cell cycle
distribution of SGC-7901 cells. There is an increase in the
proportion of cells in G0/G1 and a relative decrease in the
percentage of cells in S phase and G2/M. Shiff found[38] that
NSAIDs caused colon cancer cells to accumulate in the G0/G1
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phase of cell cycle. This effect was produced by influencing
signaling pathways in these cells that control the levels and
activity of certain cdks proteins. Goldberg et al[39] found that
the G0/G1 block induced by sulindac and sulindac sulfide in
HT-29 cells was associated with an initial rise, followed by an
abrupt decrease in P34 cdk2, an increase in P21 WAF/cip1, and a
reduction in mutant p53. We can speculate reasonably that
Nimesulide may increase the fraction of cells with G0/G1 DNA
content by arresting them in the G1 or G0 phase of the cell
cycle through an effect on the molecular components that
regulate cell cycle transitions.
The cell cycle is a complex process, regulated by many
factors, which can be divided into three groups: cyclins; cyclindependent kinases(CDK); and CDK inhibitors(CDKI). p27Kip1
is a member of the Cip1/Kip1 family of CDKI and is a potential
tumor suppressor gene. It possessed the ability to inhibit several
cyclin-Cdk complexes in vitro but seem to target preferentially
those containing Cdk2, which control progression through G1,
and inhibit the G1/S transition [40,41]. Before treatment with
Nimesulide, the expression of P27 kip1 protein mainly was
located in the cytoplasm of SGC-7901 cells. After treated with
Nimesulide, P27 kip1 immunoreactivity in cytoplasm was
significantly increased, meanwhile nucleus exhibited positive
staining. Interestingly, there was a change in subcellular
localization of P27 kip1 protein expression. Singh’s studies
suggested that the nuclear location of p27 was essential for its
growth-inhibiting function [42]. So, the result of nuclear
localization of P27kip1 protein after Nimesulide treatment indicates
the anti-proliferation of Nimesulide. We found that Nimesulide
could increase the proportion of SGC-7901 cells at G0/G1 phase
and reduce the cells at S and G2/M phase. P27kip1 is generally
associated with the G1 checkpoint. In our study, overexpression
of P27kip1 may be associated with the accumulation of cells at G0/
G1 phase after Nimesulide treatment.
It is also possible that mechanisms responsible for the antiproliferative effects of the NSAIDs on cultured cells are
multifactorial. Apoptotic cell death is another mechanism that
could contribute to reduced cell growth. Additional recent
reports have demonstrated that NSAIDs induced apoptosis in
different tumor cells[43-48]. It is also conceivable that apoptosis
might occur in the human gastric cancer cells in response to
Nimesulide. To evaluate the antiproliferative mechanisms of
Nimesulide, we tested the apoptosis of SGC-7901 cells induced
by Nimesulide. Evidence that apoptosis was induced by
Nimesulide was based on the detection of morphological
changes of apoptosis and a sub-diploid peak of DNA content
on flow cytometry analysis. The results showed Nimesulide also
induced apoptosis in SGC-7901 cells at concentrations that
affected their proliferation. Thus, apoptosis may be one of the
mechanisms responsible for the inhibition of cell growth in
Nimesulide-treated SGC-7901 cells. The intracellular molecular
events involved in the role of COX-2 inhibitors in the induction
of apoptosis are still by far unknown. It might be associated
with the changes of expression of bcl-2[49] and c-myc[50].
In summary, we conclude that selective COX-2 inhibitor
Nimesulide, has anti-proliferative effects in cultured SGC-7901
gastric cancer cells in vitro. The up-regulation of P27kip1 gene
may contribute to the accumulation of these cells in the G0/G1
phase following treatment with Nimesulide. The induction of
apoptosis and cell cycle arrest are both anti-proliferative responses
that likely contribute to the inhibition of SGC-7901 cell
proliferation treated with Nimesulide. The selective COX-2
inhibitor Nimesulide, may be useful as a novel approach to the
treatment of gastric carcinoma without undesirable side effects.
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Abstract
AIM: To study the abnormal cytokeratin (CK) expression,
emergence of CK19 with or without CK7, in liver parenchymal
cells and the role of laminin (LN), a basement membrane
protein, in this process.
METHODS: Six hepatocellular carcinoma (HCC) cell lines
were examined for different CKs, LN and its receptor by
immunocytochemistry and Western blotting. Double
immunofluorescent reaction, laser-scanning confocal
microscopy and an in vitro induction procedure were used
to demonstrate the role of LN in regulating CK19 expression
in these cells.
RESULTS: Immunoreactivities for CK8, CK18, CK7 and the
receptor for LN were observed in all the six HCC cell lines
examined. However, CK19 was merely found in four of the
six cell lines, and was in any case associated with LN
expressio n. Lase r- scann in g con fo cal microsco py
demonstrated the concomitant presence of these two
molecules in most of the positive cells. In the two HCC cell
lines, originally negative for CK19, addition of LN to the
culture medium resulted in an induction of CK19 in a dosedependent manner. Both the artificially induced and the
intrinsic production of CK19 were completely blocked by an
antibody to LN.
CONCLUSION: LN can induce expression of CK19 in HCC
cells in vitro, providing direct evidence for our hypothesis
that the abnormal hepatocytic CK19 expression in situ is
due to pathologic LN deposition.
Su Q, Fu Y, Liu YF, Zhang W, Liu J, Wang CM. Laminin induces
the expression of cytokeratin 19 in hepatocellular carcinoma cells
growing in culture. World J Gastroenterol 2003; 9(5): 921-929
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INTRODUCTION
Cytokeratins (CKs) constitute the cytoskeleton of intermediate

filament type in most epithelial cells. They consist of at least 20
members, designated CK1 to CK20 according to their molecular
weights and isoelectric points[1,2]. Each type of epithelial cell
has a rather stable CK composition, termed CK pattern, which
has been used in identification of different epithelial tissues
and their neoplasms[1-3]. In normal adult liver, hepatocytes
contain only CK18 and CK8 (“hepatocytic” CKs), while the
epithelial cells lining the human biliary tree additionally express
CK19 and CK7 (“bile duct type” CKs). This difference has
been traced back to the early stage of morphogenesis of
intrahepatic bile ducts both in rat[4-6] and in man[7]. It was believed
that the characteristic adult CK pattern of each cell type is
maintained in various liver diseases including neoplasia
(reviewed by Moll et al[1] and Cooper et al[3]). However, CK19
expression, with or without appearance of CK7, has been
observed under many pathologic conditions including human
hepatocellular carcinoma (HCC)[8,9], chronic hepatitis and
cirrhosis caused by alcoholism[10-12], cholestasis[10,12], hepatitis
B virus (HBV) infection [13] and exposure of rats to carbon
tetrachloride[14,15], butter yellow, and local frostbite injury
caused by liquid nitrogen[16] (for more literatures see Van Eyken
et al[17] and Fu et al[18]).
The additional expression of CK19 in liver parenchymal
cells has been considered a phenotypic change involved in
three common pathologic processes, namely 1) remodeling of
the liver parenchyma or cirrhotic nodules (destruction of the
limiting plate), 2) the capillarization of hepatic sinusoids, and
3) ductular (oval) cell proliferation[16]. However, little is known
about the molecular mechanism resulting in CK19 expression
under these conditions.
The hepatocytes in normal liver are characterized by the
absence of a basement membrane (BM)[5,15,16,19-23] and simplicity
of their CK composition [1,17,18]. All the three pathologic
processes mentioned above are associated with an increase in
production of laminin (LN), a BM glycoprotein, and its
deposition within the involved sinusoids to form an LN-positive
BM[15,16,24-27]. The abnormal deposition of LN was postulated
to be a common cause for CK19 expression in liver parenchymal
cells[15,16]. In the present study, we provide direct evidence for
this hypothesis in human HCC cell lines using laser-scanning
confocal microcopy (LSCM), Western blotting, and an in vitro
assay for the induction of CK19.

MATERIALS AND METHODS
Cell lines and cell culture
Six well characterized and intensively used human HCC cell
lines, including HepG2[28], Hep3B[29], HCC-9724[30,31], HHCC
(kindly supplied by Dr. Xian-Hui Wang), HCC-9204[32,33], and
SMMC7721[9,34-38], were examined in this study. The cells were
cultured in RPMI1640 medium (Gibco BRL, Life Technologies
Inc, Gaithersburg, MD, USA) containing 100 mL/L newborn
calf serum (Biotech Shaanxi, Xi’an, China), 105 u/L penicillin,
in the air
105 u/L streptomycin and 2 g/L glutamine at 37
containing 50 mL/L CO2. After two to three days, the cell
monolayers growing on coverslips were taken out from the
12-well plastic flasks, rinsed in 10 mmol/L, pH 7.4 phosphatebuffered saline (PBS) for 2 min and fixed for 10 min in the
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methanol/acetone (1:1 in volume) solution precooled at 4 .
After being washed with PBS for three times, 5 min each, the cell
monolayers were ready for the immunostaining as detailed below.

Immunocytochemical reactions
The cell monolayers fixed on coverslips were treated in 800
mL/L methanol solution containing 3 mL/L H2O2 to block the
endogenous peroxidase, washed with PBS for three times. After
pretreatment with 100 mL/L bovine serum in PBS, separate
incubation with monoclonal antibodies to the following
proteins was conducted overnight at 4 : CK8 (M0631, Dako
A/S, Copenhagen, Denmark; 1:40), CK18 (M7010, Dako; 1:
40), CK7 (M7018, Dako; 1:40), CK19 (M0772, Dako; 1:75),
LN (M0638, Dako; 1:25) and LN receptor (MAB0273, Clone
MLUC5, Maxim Biol Fuzhou, China; 1:30). The antigenantibody conjugation in situ was demonstrated by consecutive
incubation with biotinylated anti-mouse/rabbit IgG and
streptavidin-labeled peroxidase (S-P) using an UltrasensitiveTM
S-P kit (KIT-9730, Maxim Bio Fuzhou). Finally, the
immunoreactions were visualized by incubation in a 3,3’diaminobenzidine-H 2 O 2 solution for 10 min, and the
monolayers were slightly counterstained with hematoxylin.
Normal mouse and rabbit IgG of the same concentrations were
used to substitute for the mouse monoclonal and rabbit
polyclonal antibodies, respectively, as negative controls.
Double immunofluorescence reactions for LN and CK19 and LSCM
After blocking with 30 mL/L bovine serum in PBS, the cell
monolayers were incubated with an antibody mixture (1:1) of
mouse monoclonal anti-CK19 (1:75) and rabbit polyclonal
anti-LN (Z0097, Dako; 1:38). The reactions were demonstrated
by incubation with an antibody mixture (1:1) of the fluorescein
isothiocyanate (FITC)-labeled goat anti-mouse IgG (Dako; 1:
15) and tetramethylrhodamine isothiocyanate (TRITC)-labeled
swine anti-rabbit IgG (Dako; 1:30), and observed under a laserscanning confocal microscope (Zeis 100) equipped with the
Biorad MRC-1024 system. The FITC- and TRITC-labeled
signals were visualized at 488 nm and 568 nm, respectively,
as their emission wavelength.
Western blotting analysis
Sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) and Western blotting were carried out
as described previously[39]. Briefly, five cell lines, including
HHCC, HCC-9204, HepG2, HCC-9724 and SMMC7721, were
cultured in the RPMI1640 medium supplemented with
newborn calf serum (100 mL/L). Cells were harvested by
digestion with trypsin. For all cell lines examined, 107 cells
were used for each protein extraction. The cells were washed
in precooled PBS for two times, 5 min each, and then extracted
with 1 mL of a Tris-HCl solution (50 mmol/L, pH 8.0)
containing 150 mmol/L NaCl, 100 mg/L Nonidet P-40, 50 mg/
L Sodium deoxycholate, 10 mg/L SDS, 2 mg/L pepstadin, 2
mg/L leupeptins and 100 mg/L phenylmethylsulfonyl fluoride.
After centrifugation at 2 000 r/min for 2 min, the supernatant
was collected. Lysates of the cell lines, 10 µL for each, were
loaded on to a 100-g/L SDS-polyacrylamide gel. Proteins were
resolved through electrophoresis at 150 V using a miniVE
vertical unit (Hoefer Pharmacia Biotech Inc, San Francisco,
CA) and transferred onto a nitrocellulose membrane (Biotech
Shaanxi) by using the same unit according to the instructions
of the manufacturer. After the blocking with 1 mL/L bovine
serum albumin in PBS for 2 h, the blots were incubated
overnight at 4
separately with monoclonal antibodies to
CK18 (1:600), CK7 (1:600) and CK19 (1:750). The reactions
were demonstrated by incubation with alkaline phosphatase
(AP)-labeled anti-mouse IgG (Dako; 1:2 000) and visualized
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by incubating the filters in 5-bromo-4-chloro-3-indolyl phosphate
(BCIP)/nitro blue tetrazolium (NBT) solution for 10 min.

Induction of CK19 expression by exogenous LN and its
blocking test
Two HCC cell lines, HHCC and HCC-9724, did not produce
LN and were negative for CK19 when growing in the ordinary
complete medium (see below). They were transferred into the
medium containing LN at concentrations ranging from 2.5 mg/
L to 60 mg/L. The LN preparation, isolated and purified from
mouse Engelbreth-Holm-Swarm tumor, was supplied by
Department of Cell Biology, Health Science Center, Peking
University. Sterilized PBS of the same volume was used to
substitute for LN as a negative control for the assay. After
growing for 60 h, the coverslips with cell monolayers within
each well were taken out and immunostained for CK19 using
the S-P kit as described above.
In order to show specificity of the induction role of
exogenous LN, a blocking test was carried out using the cell
line, HHCC. The cells were transferred into the complete
RPMI1640 medium supplemented with LN (20 mg/L), and
then divided into three groups. In one group, the rabbit
polyclonal anti-LN IgG, with its concentrations ranging from
20 mg/L to 0.002 mg/L, was added into the LN-containing
medium. The two remaining groups, in which normal rabbit
IgG at corresponding concentrations or sterilized PBS of the
same volume, respectively, were added to the medium, served
as negative controls.
Inhibition test of the CK19 expression associated with
intrinsic LN
In order to elucidate the mechanism of CK19 expression in
HCC cells with intrinsic production of LN (see below),
SMMC7721 cells were cultured in the ordinary medium
without addition of LN, and divided into three groups. As for
the blocking test in HHCC, the rabbit anti-LN IgG was added
to the culture medium at corresponding concentrations, and
normal rabbit IgG or sterilized PBS, respectively, were used
for negative controls.
Statistical analyses
Intensities of the immunoreaction in single cells were graded
into negative (-), weakly positive (+), moderately positive (2+)
and strongly positive (3+) as described previously[15,40]. For
assessment of expression levels of the antigens tested, ten highpower microscopical fields were determined randomly in
different samples, all cells within these areas were counted,
and their immunoreactions were evaluated.
In each cell lines immunoreactivities for the antigens
detected were graded into negative (-, reaction being absent or
too weak to be identified from background), weak (+, definite
reaction visible but weak in its intensity or smaller in number
of immunoreactive cells) and strong (2+, brown or darker
brown reaction in up to half of cells). Statistical computations
were conducted using the software package SLPM[41]. The
semiquantitative data obtained were analyzed by Karl-Pearson
and Krushal-Wallis tests. The P value below 0.05 was regarded
as statistical significance.
RESULTS
Expression of CKs, LN and its receptor in different HCC cell lines
Immunoreactivities for CK18 and CK8 were observed by the
immunoperoxidase reaction in cytoplasm of all the six HCC
cell lines examined (Table 1). CK7-immunoreactivity was also
found in all of these cell lines (Figure 1 A, B), but its intensity
varied markedly, being stronger in SMMC7721 and HCC-
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Table 1 Expression of CKs, LN and its receptor in six HCC cell
lines in culture

9204, and weaker in the others. CK19 and LN expression
correlated well, both being present in the cell lines SMMC7721,
HepG2 (Figure 1 C, E), Hep3B and HCC-9204, but
undetectable in the cell lines HHCC and HCC-9724 (Figure 1
D, F). All of these cell lines were positive for the LN receptor,
its immunoreactivity being localized at and beneath the
cytoplasmic membrane (Figure 1 G, H).
Expression of CK18 and CK7 was also demonstrated by
Western blotting in cell lines SMMC7721, HepG2, HCC-9204,
HCC-9724 and HHCC, as shown in Figure 2 A to E, respectively.
However, CK19 was only identified in the former three cell
lines (Figure 2 A-C), and not in the latter two (Figure 2 D, E).

Antigens

SMMC7721

Hep3B

HCC-9204

HepG2

HHCC

HCC-9724

CK8

++

++

++

++

++

++

CK18

++

++

++

++

++

++

CK7

++

+

++

+

+

+

CK19

+

+

+

+

-

-

LN

+

+

+

+

-

-

LN receptor +

+

+

+

+

+

CK7

A

B

C

D

E

F

G

H

CK19

LN

LN-R

Figure 1 Expression of CK7 (A, B), CK19 (C, D), LN (E, F) and its receptor (LN-R, the reactivity denoted by arrows; G, H) in the
representative HCC cell lines, HepG2 (A, C, E, G) and HCC-9724 (B, D, F, H). Both CK19 and LN present in HepG2 (C and E) and
absent in HCC-9724 (D and F). S-P reaction, slightly counterstained with hematoxylin. ×250.
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CK19

MWS
62.0
47.5

A

32.5

B

62.0
47.5

32.5

C

D
62.0
47.5

32.5

E

Figure 2 Western blotting for CK18, CK7 and CK19 using the intermediate filament cytoskeleton extracts from HCC cell lines
SMMC7721 (A), HCC-9204 (B), HepG2 (C), HHCC (D) and HCC-9724 (E). Immunoreactions were demonstrated by AP-labeled antimouse IgG and visualized in a BCIP/NBT solution. The right lanes show molecular weight standards (MWS) visualized by staining
with Commassie R250, with three indicated by the short bars (from top to bottom, Mr62 000, Mr47 500 and Mr32 500, respectively).
LN

CK19

LN+CK19

A

B

C

D

E

F

Figure 3 Double immunofluorescence reaction for LN (TRITC-labeled, red) and CK19 (FITC-labeled, green) in HCC cell lines
HepG2 (A-C) and HCC-9724 (D-F) under a laser-scanning confocal microscope. Definite signals for LN and CK19, frequently
coexisting within cytoplasmic compartment (orange), were found only in the cell line HepG2. ×400.
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A

B

C

D

E

F

Figure 4 Induction test using the HCC cell line HCC-9724. Cells were inoculated in RPMI1640 medium containing LN at concentrations of 2.5 (A), 5 (B), 10 (C), 20 (D), 40 (E) and 60 mg/L (F), respectively. CK19 expression was found in cells incubated with LN
starting at a concentration of 10 mg/L (C), and increasing with LN concentrations (D-F). S-P reaction, slightly counterstained with
hematoxylin. ×250.

Concomitant emergence of CK19 and LN as demonstrated by
LSCM
CK19 and LN were labeled by double immunofluorescence
staining in the same five cell lines showing these proteins on
Western blots. The reactions were examined by LSCM, the
results being similar to those obtained by the S-P procedure
(Table 1). The concomitant occurrence of CK19 and LN was
observed in the positive cell lines SMMC7721, HepG2 and
HCC-9204, the majority of the positive cells expressing both
elements with close correlation of the intensities of the
immunoreactivities (Figure 3 A-C). In the cell lines HHCC
and HCC-9724, both reactions were negative, showing only
some faint background staining (Figure 3 D-F).
Induction of CK 19 expression by addition of LN to the medium
The data described above verified the link between the aberrant
expression of CK19 in liver parenchymal cells and abnormal
LN deposition. However, more direct evidence is needed to
unequivocally establish the role of LN for the induction of
abnormal CK19 expression. For this reason, an induction test
was carried out in two HCC cell lines, HHCC and HCC-9724.
Growing of both cell lines in the medium containing LN
resulted in the appearance of CK19 when the concentration of

LN reached 10 mg/L (Figure 4). The expression level of CK19
was found to increase along with concentration of LN in the
medium (Figure 5). In the control group, addition of the same
volume of sterilized PBS to the medium did not give rise to
any CK19-positive cell.

Blocking of LN-induced CK19 expression by LN antibody
If LN added to culture medium is indeed responsible for the
emergence of CK19 expression in the LN-negative cell lines
as described above, the effect should be blocked, or at least be
partially inhibited, by the addition of LN antibody. This assay
was performed using the cell line HHCC. The cells, being
negative for both LN and CK19 when growing in ordinary
medium, were found to express CK19 with the presence of
exogenous LN in the medium (20 mg/L). Its levels in HHCC
cells growing in the medium containing different amounts of
rabbit anti-LN IgG were assessed. CK19 became undetectable
in the cells when the final concentration of LN antibody reached
0.2 mg/L in the LN-containing medium (Figure 6A), while
addition of the same amount of normal rabbit IgG or sterilized
PBS did not inhibit the expression of CK19 (Figure 6B). These
data prove that exogenous LN can induce CK19 expression in
HCC cells growing in vitro.
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For the HHCC cells whose CK19 expression was completely
inhibited by LN antibody, CK19 reappeared when cells were
transferred back to the medium containing LN (20 mg/L) and
cultured for 14 d. This demonstrates that the inhibition effect
by LN antibody is reversible.
The antibody inhibition test was also conducted in the HCC
cell line SMMC7721, whose endogenous production of LN
has been described above and whose expression of CK19 has
been observed when growing in the ordinary medium. Levels
of CK19 expression in the cells growing in the medium
containing different amounts of rabbit anti-LN IgG were
assessed. CK19 became undetectable in the cells when the final
concentration of rabbit anti-LN IgG reached 0.02 mg/L in the
medium (Figure 7A), while addition of the same amount of
normal rabbit IgG or sterilized PBS did not exert this effect
(Figure 7B). Similarly, CK19-immunoreactivity reappeared
when the cells were transferred to the medium without LN
antibody and cultured for 14 d. These data demonstrate that
endogenous LN is also responsible for maintaining CK19
expression in HCC cells growing in vitro.

60 %
40 %
20 %
0%

2.5

5

A
100 %
a

80 %

a

a
60 %
a

40 %

100 %

20 %

2.5

5

10

20

40

60 mg/L

B

60 %

Figure 5 Induction of CK19 expression in HCC cell lines,
HHCC (A) and HCC-9724 (B), by LN. Concentrations of LN in
culture medium ranging from 2.5 mg/L to 60 mg/L. Numbers
of cells expressing CK19 were presented in percentages, and
the expression levels indicated by column colors (white, +; gray,
2+; black, 3+). aP<0.05 (compared to group on the left).
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20 %
0%

20

2

20

2

0.2

0.02

0.002 mg/L

100 %

100 %
80 %

60 %

a

40 %

40 %

20 %

20 %
20

2

0.2

0.02

A

80 %

a

60 %

0.002 mg/L

100 %

0%

A

0.2

0.02

0.002 mg/L

B

Figure 7 Blocking test of the CK19 expression in SMMC7721
cells associated with endogenous LN. A. CK19 expression completely blocked with concentration of the polyclonal anti-LN
up to 0.02 mg/L in the ordinary medium. B. Addition of the
same amount of normal rabbit IgG having no effect on the
CK19 expression. Numbers of cells expressing CK19 were
presented in percentages, and CK19 expression levels indicated by column colors (white, +; gray, 2+; black, 3+). aP<0.05
(compared to group on the left).
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0%
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20

2

0.2

0.02

0.002 mg/L

B

Figure 6 Blocking test of the CK19 expression in HHCC cells
induced by exogenous LN. A. CK19 expression completely
blocked with concentration of the polyclonal anti-LN up to 0.2
mg/L in the LN-conditioned medium (20 mg/L). B. Addition
of the same amount of normal rabbit IgG having no effect on
the CK19 expression. Numbers of cells expressing CK19 presented in percentages, and CK19 expression levels indicated
by column colors (white, +; gray, 2+; black, 3+). aP<0.05 (compared
to group on the left).

DISCUSSION
The data obtained in this and other groups during last decade
have demonstrated that the CK expression in hepatocytes[10-16,40]
and hepatocytic neoplasms[8,9] is not so stable as considered
before [17,18] . The expression of CK18 and CK8, the
“hepatocytic” CKs, may change greatly in some phenotypically
altered hepatocytes[42]. Moreover, expression of CK19, with
or without CK7, has been observed in parenchymal cells in
some liver diseases, indicating that hepatocytes can also express
the so-called “bile duct type” CKs under certain pathological
conditions[17,18]. The abnormal CK19 expression is found in
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chronic hepatitis, cholestasis and cirrhosis[10-15], as well as in
some HCCs [8,9] and HCC cell lines [9,35,43], and has been
considered an adaptive reaction to some alterations of the local
microenvironment[15,16,18]. This change has been linked to three
common pathologic processes including remodeling of the
parenchyma in livers with chronic hepatitis or cirrhosis,
capillarization of hepatic sinusoids and ductular (oval) cell
proliferation[16]. The ductular (oval) cells are frequently seen
in rodent liver under some pathological conditions which
suppress regeneration of the parenchymal cells[16,44,45] (for more
references see a review by Vessey and de la Hall[46]). Cells
with similar morphologic and immunohistochemical
phenotypes have also been described in human livers with
chronic hepatitis[13,47-50]. In addition, some of the small epithelial
liver cells, identified in human livers with chronic hepatitis or
cirrhosis and possibly involved in reparative regeneration of
liver parenchyma[40] and progression of the preneoplastic
foci of altered hepatocytes[42,51], were also shown to express
CK19 [40,52]. It seems to be true that these CK19-positive cells
correspond to a subpopulation of small hepatocytes, being
phenotypically intermediate between ductular (oval) cells and
typical hepatocytes[40,52]. Considering the frequent abnormal
CK19 expression in extrafocal parenchyma in livers with
progressive diseases and in HCC cells[8-15,35,43], occurrence of
CK19-immunoreactivity in some small-cell preneoplastic foci,
as recently observed by Libbrecht et al[52], fails to provide any
unequivocal evidence for their speculation that ductular (oval)
cells give rise to the small-cell foci, and does not argue against
the hepatocytic origin of hepatic preneoplastic foci as
demonstrated in both rodents[53-55] and man[42,51,56].
Apparently, the frequent occurrence of CK19 expression
reflects the complexity in the differentiation of hepatic
epithelial cells, and implies great difficulties in using these “bile
duct type” CKs for the differential diagnosis between
hepatocellular and cholangiocellular neoplasms[9]. Moreover,
its mode of origin has not been fully established. Several lines
of indirect evidence have related the aberrant CK19 expression,
at least partially, to ductular metaplasia of hepatocytes and
glandular differentiation of HCC cells, and indicated its
association with abnormal deposition of LN. It has been shown
that the morphogenesis of intrahepatic bile ducts in fetal
liver, which is characterized by the occurrence of CK19
expression[4-7], is linked to the deposition of LN around portal
vein branches[5]. Secondly, all of the three pathologic processes
related to the CK19 expression as discussed above were
associated with an abnormal deposition of LN within the hepatic
sinusoids involved [15,16,18-27], the patterns of histological
distribution of these two immunohistochemical reactions
being largely correlated with each other[15,16,27]. Thirdly, both
CK19 expression and LN production were also found in some
hepatocytes in primary culture and in some HCC cell lines
growing in vitro [9,18,35,43,57], and a coexpression of these two
molecules has been noted under these conditions[35,43,58]. The
recent data from Blaheta et al[59] and Nishikawa et al[60] proved
that fetal hepatocytes growing in culture differentiated in
response to some extracellular extracts, containing collagen
types I and IV, fibronectin, LN and many other extracellular
matrix components. The differentiation was reflected by
changes in their CK composition[59-62]. However, these data
failed to demonstrate which of the extracellular elements was
responsible for the effect.
In this study, the immunocytochemical and Western blotting
data proved the concomitant occurrence of LN and CK19 in
four of the six HCC cell lines examined, both elements were
colocalized in most of the positive cells as demonstrated by
LSCM. The data strongly, though still indirectly, suggest a
role of LN for the induction of CK19 expression in liver
parenchymal cells.
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Our induction assay was conducted in two HCC cell lines,
HHCC and HCC-9724, which did not produce LN and were
negative for CK19 when growing in ordinary medium. CK19
expression emerged with a certain amount of LN added to the
culture medium. The effect was found to be dose-dependent,
and was completely blocked by a polyclonal antibody against
LN. The blocking test was also done with the HCC cell line
SMMC7721, which was found to produce LN itself and was
positive for CK19 as observed previously[35,43]. LN antibody
added to the medium completely inhibited the CK19
expression. These data clearly demonstrate that LN, either of
exogenous origin or produced intrinsically, can induce the
expression of CK19 in HCC cells in vitro.
Based on results from this and previous studies, we believe
that LN, being frequently deposited in hepatic sinusoids as a
common response to various kinds of liver injury, is one of
the key molecules causing the abnormal CK19 expression. It
has been noted that LN is able to induce the hepatocytes to
express its receptor, a type of integrin molecules. The receptor
takes part in the regulation of cellular differentiation and
replication[61-64]. Immunoreactivity for LN receptor was also
observed in all the six HCC cell lines examined in this study.
In addition, the successful blocking of the induction effect of
intrinsically produced LN by anti-LN IgG molecules added to
the medium, as well as the reversibility of this reaction, indicate
that a receptor-mediated pathway is needed for LN to exert its
effect. Therefore, we suggest that LN induce CK19 expression
in hepatocytes and HCC cells through its receptors located on
the surface of their cytoplasmic membrane.
In summary, this study provided direct evidence for an
essential role of LN in the induction of CK19 expression in
liver parenchymal cells, and established abnormal LN deposition
as a key causative factor for the development of aberrant
expression of CK19. This will be helpful for the further
understanding of differentiation and transformation of liver
cells, as well as for evaluating CK19 immunohistochemistry in
differential diagnosis of hepatocellular and cholangiocellular
carcinomas.
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regulation was most obvious in group A. There was
significant difference among the three groups (P=0.016).
Under the light microscope, the rat kidney in the cisplatin
group exhibited tubular epithelium swelling and
degeneration, protein casts in collecting tubules; While all
arsenic groups didn’t show the significant changes (P=0.013).
In the arsenic groups, the expression of bcl-2 in the renal
tubular epithelium was increased (P=0.005), no obvious
changes happened to PCNA L1. But in the group of cisplatin,
the PCNA L1 increased significantly (P=0.001).

Abstract

CONCLUSION: As 2 O 3 can induce apoptosis of rat
hepatocellular carcinoma cells. And there is optimum dose;
too high dose will induce the cytotoxic effect, while certain
dose of As2O3 is able to block the cell cycle at G2/M phase.
As2O3 had the most remarkable influence on G2/M cells,
and it can also induce apoptosis to cells at other phases.
As2O3 can restrain the proliferation of rat hepatocellular
carcinoma cells, in a dose-time dependent manner.
Compared with cisplatin, As2O3 didn’t show obvious renal
toxicity, which was related to the increasing expression of
bcl-2 in renal tubular epithelium, the inhibition of apoptosis
and the anti-oxidation effects.

AIM: To study the effect of arsenic trioxide (As2O3) on rat
experimental hepatocarcinoma and its renal cytotoxicity.
METHODS: The hepatocarcinoma model was established
by diethaylnitrosamine perfusion in stomach of 120 Wistar
rats, and the treatment began at the end of 20 weeks.
Before the treatment, the rat models were randomly divided
into 5 groups. In the treatment groups, three doses of
As2O3 were injected into rat abdominal cavity, the total
time of drug administration was 4 weeks. Cisplatin control
or the blank group was injected into abdominal cavity with
equal amount of cisplatin or saline at the same time,
respectively. On the 7th, 14th and 28th day after the
treatment, the hepatocarcinoma nodules were obtained
and the morphologic changes of hepatocarcinoma cells
were observed under light and electron microscopes;
Immunohistochemistry (S-P methods) was employed to
detect the expression of bcl-2, bax and PCNA in
hepatocarcinoma tissues; flow cytometry (TUNEL assay)
was used to detect the apoptosis of liver cancer cells and
the change of cytokinetics. On the 28th day, the kidneys
were obtained and their histologic changes were observed
under light microscope, and immunohistochemistry (SP
stain) was also employed to detect the expression of bcl-2
and PCNA. Cisplatin and saline solution were used as the
control.
RESULTS: As2O3 could induce the apoptosis of rat liver
cancer cells and exhibited typical morphologic changes.
The incidence of apoptosis of hapatocarcinoma cells was
elevated (P=0.001). The elevation was the most higher in
the group of middle-dose of As2O3 (1 mg·kg-1), significantly
higher than that of the other arsenic groups and the controls
(P=0.001). Large dose of As2O3 (5 mg·kg-1) was able to
arise the incidence of apoptosis, but also produced a large
amount of necrosis and inflammatory reaction. Middle dose
of As2O3 dramatically increased the cell number in G2/M
phase (P=0.0001), and apoptosis happened apparently.
The expression of bcl-2 and bax was related to the dose of
As2O3. With the up-regulation of apoptotic incidence, the
ratio of bcl-2/bak decreased. But the incidence of apoptosis
was not the highest status and the ratio of bcl-2/bax was
at the lowest when the highest-dose of As2O3 was used.
There was significant difference among the PCNA indexes
(PCNA L1) of the five groups. Of them, three arsenic groups
all showed decrease of different degrees, and this down-
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INTRODUCTION
Primary hepatocellular carcinoma has been found to be one
of the most common malignancies worldwide. In the recent
years, the diagnosis rate of early hepatocellular carcinoma
has increased and the curative effect of surgery resection
also improved. However, most of the early hepatocellular
carcinoma is subclinical, once it is symptomatic, it is mainly
in its middle or later stage. As the update statistic indicates,
hepatocellular carcinoma ranked the second cause of cancer
mortality since 1990s in China[1]. Presently, what challenges
us most is the mid-or-late stage hepatocarcinoma,
unresectable hepatocarcinoma, h igh po stoperative
reoccurrence and high metastasis. Thus efficient nonsurgical
methods are urgent[2,31-36].
Recently, it has been reported that arsenic (mainly arsenic
trioxide, As2O3) in the treatment of leukemia has obvious curative
effect through inducing tumor cell apoptosis[3,4]. But whether
arsenic chemist can be used in the treatment of other malignancy
such as hepatocellular carcinoma is still under the exploration.
The blockage of apoptosis plays a more important role not
only in the cause of malignancy but also in the out of control of
proliferation. Thus in the two strategies of tumor treatment:
inhabiting tumor cells’ proliferation and inducing their apoptosis,
the later seems to be more preferable[5-7]. Our study is to establish
a rat hepatocellular carcinoma model with the treatment of As2O3,
then observe the apoptosis and proliferation of hepatocellular
carcinoma cells and influence of it on the cell cycle, as well as the
possibly noxious side effect on kidney of As2O3.
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MATERIALS AND METHODS
Materials
Arsenic trioxide (As2O3 Sigma) was dissolved by PBS and
diluted to 0.2 % (m/m), kept under 4 . Diethaylnitrosamine
(DEN Sigma) was diluted to 1 % (v/v) by water solution.
Cisplatin (QiLu Pharmaceutical Department) was diluted to
0.08 % (m/m) by injection solution. There were also keg reagents
as follows: murine monoclonal antibody against human Bcl-2
(1:50, SANTA CRUZ) and murine monoclonal antibody Bax (1:
70, SANTA CRUZ) and murine monoclonal antibody against
rat proliferation cell nuclear antigen (PCNA) (1:100, Zhongshan
Biotech Ltd, Beijing); HistostainTM-Plus Immunohistochemical
reagent box (Zymed), DAB stain kit (Zhongshan Biotech Ltd,
Beijing) APO-BRDUTM apoptosis quantitative test reagent box
(Becton Dickinson).
FACS Vantage flow cytometry (Becton Dickinson), H600-4
transmission electron microscope (HITACHI) were used in this
study.
Animal model, grouping and treatment
120 Wistar rats (60 males and 60 females, 6 weeks old) were
supplied by the Fourth Institute of Military Medical Academy
of Science. According to the method in the reference[8], the
hepatocarcinoma model was established by DEN perfusion in
stomach, and the treatment began at the end of 20 weeks. Before
the treatment, the rat models were randomly divided into 5
groups. There were no difference in the number, sex and weight
among the 5 groups. Group A: high-dose of As2O3 (5 mg·kg-1),
group B: middle-dose of As2O3 (1 mg·kg-1), group C: low-dose
of As2O3 (0.2 mg·kg-1), group D: cisplatin control (2 mg·kg-1),
group E: blank control (saline solution).
In the treatment groups, three doses of As2O3 were injected
into rat abdominal cavity, once a day, after two weeks, it is
changed to twice a week, and the total time of drug
administration was 4 weeks. Cisplatin control or the blank group
was injected into abdominal cavity with equal amount of
cisplatin or saline at the same time ,respectively.
The choice of the dose of As2O3 was based on the curative
dose on human leukemia (10 mg·d-1)[4], obtained by calculating
the ratio of equal effective dose of body surface area between
the human and rat. The dose of cisplatin was chosen according
to the reference [9].
Methods
Sample preparation After the treatment, all rats were operated
to obtain the liver nodules through 3 operations under
anesthesia of sodium pentobarbital (abdominal cavity injection,
40-50 mg·kg-1) on the 7th, 14th and 28th day, respectively.
The specimens with the formation of carcinoma proved by
pathologic examination were chosen as experimental objects.
At the last operation, the rats’ kidneys were obtained at the
same time and the rats were killed.
The hepatocellular carcinoma nodules were divided into
three parts along the center, one part (about 0.2 mg, fresh tissue)
was made into monocyte suspending solution, used in the
detection of flow cytometry; one part was fixed in 10 %
formaldehyde, embedded in paraffin with 4 µm successive
section and HE staining. The pathologic changes of cancer
nodules were observed under light microscope or by
immunohistochemistry (IHC). The third part was processed
into thin slice (<1 mm) and immediately immersed into 2.5 %
glutaraldehyde phosphoric buffer. The embedded sections were
made using the common electron microscope specimens. The
ultrastructure of the hepatocellular carcinoma cells was
observed under the transmission electron microscope[37].
Flow cytometry analysis The FACS Vantage flow cytometry
was employed with the 5w argon laser as emission resource,
and the wavelength of emission light was 488 nm. The variation
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coefficient (CV) of the machine was regulated as < 4 % using
chicken blood erythrocytes fixed by glutaraldehyde. 1×104 cells
were analyzed and the data was analyzed using MODIfit LT
software. Referring to the kit protocol, PI stain was used to
label the cellular DNA to analyze cell cycle TdT to catalyze
dUTP combined with external bromides (Br-dUTP) ligated to
the 3’-OH terminal end of DNA fragments, then it was combined
with anti- Br-dUTP mono-antibody labeled by FITC, and then
the intensity of fluorescence of FITC was detected through the
flow cytometry to estimate the number of DNA breakage points
to qualitatively examine the cell apoptosis.The occurrence of
apoptosis in different phases was analyzed combining with the
staining result of PI.
Histology analysis The paraffin-embedded rat hepatocellular
carcinoma tissues after 7 days of treatment were successively
cut into 4 µm sections and the HIC (SP stain) was employed to
detect the expression of bcl-2, bax and PCNA. The successive
4 µm sections were obtain from the paraffin-embedded rat
hepatocellular carcinoma tissues after 28 days of treatment and
stained with HE. And the histomorphologic change was
observed under light microscope. IHC (SP stain) was used to
detect the expression of bcl-2 and PCNA. PCNA labeling index
(LI) = PCNA positive cells number / 500 (using % to denote).

Statistical analysis
All the data were processed by statistical software SPSS10.0.
The total VAR difference of each group was analyzed by Bartlett
test. If it was the same, then analyzed by the one way ANOVA
or student t test, otherwise by Kruskal-Wallis H test, or Mann
Whitney U test which as for the multi-sample comparison; to
the quantity material analysis, χ2 test was used (test standard:
two-side α=0.05).
RESULTS
On 7th, 14th, 28th day after the treatment, the hepatocarcinoma
nodules of the rats ( No. 65, 43, 34 ) were collected respectively
(proved by pathology). The other rats were repelled out of the
experiment due to the absence of carcinoma nodules. The
kidneys of hepatocarcinoma rats were obtained on the 28th
day after the treatment.
Morphologic change
Macroscopic observation The liver was yellow or pale with
dramatically increase of the volume and weight. The liver grew as
multi-nodular mass. The nodules were of variable size ranging
from 3 mm to 3.5 cm. Some nodules were hemorrhagic. The liver
was firm in texture, pale on section and with necrosis. Some nodules
were dark red on section companied by the hemorrhagic necrosis
(more obviously seen in Group A and D than in the others).
Light microscopic observation Hepatocarcinoma cells were
arrayed in column or gland-like, most commonly presented
middle- or highly- differentiated status, few were poorly
differentiated status. In some specimens, the hepatocarcinoma
cells showed patched or focal necrosis with red-stained nonstructural materials. The nucleic chromatin disappeared,
prominently seen in group A and D. The necrosis region and
portal tracts were infiltrated by inflammatory cells with
vascular dilation and hyperemia. Group B, C and E mainly
exhibited point necrosis, slight inflammatory reaction in portal
tracts, and vascular dilation was less obvious than the former
groups. In the treated groups, some hepatocarcinoma cells
presented apoptotic features, cell membrane was shrunken but
intact, chromatin was condensed and accumulated at side or
broken up forming nucleic bodies in different sizes within cells,
without inflammatory cells invasion, seen more commonly in
group A, B and D. Under microscope, group D (4/7) exhibited
relatively extensive renal tubular epithelium cloudy swelling
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and degeneration. Protein casts was formed in the collecting
tubules (4/7), there were no casts formed in group A , B , C and E
(0/6, 0/6, 0/8,0/7) without or occasionally tubular epithelium swelling
and denaturalization. There was significant difference among the
five groups (χ2=12.69, P=0.013).
Electron microscope observation The chromatin was
accumulated at the side of the nucleic membranes which was
condensed. The nucleic shape was irregular and the surface of
nucleic membrane was rough. The nucleus was broken but
encapsuled by intact membrane, containing intact organelles
and apoptotic bodies.

Flow cytometry analysis of hepatocarcinoma cells
Tumor cell apoptotic rate in each group and influence of treatment
time On the 7th, 14th, 28th day of treatment, there was significant
difference of tumor cell apoptotic rate presents among each group
(P=0.001). Compared with group E, apoptotic rate of group A, B,
C, D all increased evidently, especialy that of group B (P=0.000).
The apoptotic rate of Group B depended on time, firstly it was
increased then decreased (P=0.004), but there was no significant
difference between them on the 14th day and 28th day (P=0.224).
The relationship of apoptosis and treatment time between group
A and group C was almost the same (Table 1).
Table 1 Relationship between tumor cells apoptotic rate in
each group and treatment time (x±s)
Specimen
Group A
Group B
Group C
Group D
Group E
a

7days
18.30±3.43a
40.99±5.89b
11.80±7.02
22.41±7.09a
7.66±2.23

14days

28days

20.16±5.31a
51.59±7.67b
12.24±4.41a
17.31±6.16a
6.72±2.31

16.92±4.03a
47.49±3.23b
10.77±3.45a
13.88±3.83a
6.30±1.15

P<0.05, vs group E; bP<0.001, vs group E.

Compared with group E, apoptotic rate of G0/G1, G2/M
phase cell in group B was significantly increased (P<0.05),
especial that of G2/M phase cell (P=0.001). Cell apoptosis
presented during the whole cell cycle in group A, C, D, without
distinct specificity (Table 2). In group B, apoptotic rate of G0/G1
phase cell is lower than that of G2/M phase cell, but the number

World J Gastroenterol

May 15, 2003 Volume 9 Number 5

of apoptotic cells at G0/G1 phase still accounted for a rather
large proportion of the whole apoptotic cells.

Tumor cell cycle changes in each group (Table 3)
The tumor cells apoptotic distribution at G0/G1, G2/M phase in
each group Compared with group E, on the 7th,14th,28th day
after the treatment, the percentage of G0/G1 phase cells in group
A was increased significantly (P=0.001), while that in group D
was significantly decreased (P=0.001), and no statistical
difference in group B, C (P>0.05); the percentage of S phase
cell in group A,B,C was reduced (P=0.001); while that of G2/M
phase cell in group B, C, D was increased (P=0.001).
Immunohistochemical analysis
Immunohistochemical result of hepatocarcinoma tissue
Among the 65-rat hepatocarcinoma tissue obtained after the
treatment for 7 days, bc1-2 expressed positively in 57 of them.
The intensity of bc1-2 positive expression was evidently differed
among the 5 groups (chi-square test, P=0.034), it was lower
expressed in group A, B, C, especial group B, which was
significantly lower than that in the controls. Among the 65
specimens, 54 of them presented positive expression of bax. The
intensity and rate of positive expression had significant difference
among the 5 groups (chi-square test, P=0.022 and P=0.006). It
was significantly higher in group A, B, C than that in the controls,
whereas there was no statistical difference among the former.
PCNA was expressed positively in 63 specimen, with significant
difference among the 5 groups(Kruskal-Wallis test, P=0.001).
Compared with group E, PCNA LI expression was down regulated
in group A, B, C, and D, especially in group A.
Immunohistochemical analyzing of renal tissue There was no
significant difference in the expression of bcl-2 among the 5 groups,
but among different positions. In group D and E, bc1-2 was
positively expressed commonly in stroma cells without significant
difference among the 5 groups. But in the renal tubular epithelium
its positive expression was obviously enhanced (χ2=14.93,
P=0.005) (Figure 1, 2). PCNA LI was significantly different
(Kruskal-Wallis test, P=0.001). Compared to group E, PCNA LI
expression was increased evidently(Mann-Whitney, P=0.001),
without significant difference between Group A, B, C. Expression
of PCNA LI renal tubular epithelium and stroma cells had significant
difference among the 5 groups; while that of stroma cells, cortex-

Table 2 Apoptosis distribution of tumor cells at G0/G1, G2/M phase in each group (%)
7days

Specimen
Group
Group
Group
Group
Group
a

A
B
C
D
E

14days

G0/G1

G2/M

G0/G1

21.79 a
23.43 a
5.97
21.91 a
10.19

10.67
78.64 b
25.50 a
40.33 b
12.80

24.93 b
42.53 b
13.24
20.94 a
8.56

28days
G2/M
8.65
80.68 b
15.99
25.71 a
8.07

G0/G1

G2/M

15.84
27.90 a
10.42
10.95
7.07

36.21 a
78.95 b
14.21
20.66
8.87

P<0.05, vs group E; bP<0.001, vs group E.

Table 3 Variety of tumor cells in each group (%)
Specimen
Group
Group
Group
Group
Group
a

A
B
C
D
E

7days

14days

G0/G1

S

G2/M

G0/G1

S

74.81 a
54.04
60.34
44.71 a
58.89

5.65a
12.63a
6.45a
23.42a
29.93

19.54 a
33.79 a
33.21 a
31.94 a
11.18

80.17 a
69.50
66.92
37.97 a
63.47

7.71a
8.50a
11.18a
30.64a
26.21

P<0.05, vs group E.

28days
G2/M
12.12
22.01 a
21.90 a
31.39 a
10.33

G0/G1
85.16 a
67.83
62.63
32.84 a
66.54

S
5.58a
11.14a
12.21a
23.25
22.07

G2/M
9.25
21.04 a
25.17 a
43.91 a
11.4
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medulla cells and renal tubular epithelium all rose obviously
without significant changes in Group A, B, C (Figure 3, 4).

Figure 1 Positive expression of bcl-2 in the renal stroma cell, while
negative in tubular epithelium in the cisplatin group (SP, ×400).

Figure 2 Positive expression of bc1-2 in renal tubular epithelium in medium dose arsenic group (SP, ×400).

Figure 3 PCNA expression in renal collecting tubular epithelium and stroma cells in the cisplatin group (SP, ×400).

Figure 4 PCNA expression in renal cortex tubular cells in medium dose in arsenic group epithelium (SP,×400).
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DISCUSSION
At present, the pathogenesis and progression of tumor are
thought to relate to cellular abnormal proliferation[16, 37, 39], and
as well as the abnormal apoptosis[19,41]. Exploring the origination
and development of tumor from the viewpoint of apoptosis
may elucidate the pathogenesis of tumor and helpfully open a
new way to the therapy of tumor.
Studies indicated that As 2 O 3 was able to induce
hepatocarcinoma cells apoptosis[41-44], and to inhibit the growth
of transplanted hepatocarcinoma of nude mice[11-14], However,
there is no report on the effect of chemocarcinogen on
hepatocarcinoma in vitro. The result in this study revealed that
As2O3 could induce the apoptosis of hepatic carcinoma cells
and inhibited the proliferation of carcinoma cells after treatment
of hepatocarcinoma induced by DEN in rat. There was no
apparent damage to the renal, especially to the tubular epithelial
cells. Different dosages of arsenic had different effects on the
apoptosis, showing a problem of an optimum dose. As for the
morphologic changes, it was assumed that two death
mechanisms worked at the same time when the arsenic dose
was too high. Though it could induce the apoptosis in certain
degree, it could also produce cellular toxic phenomena[17-23],
leading to necrosis and inflammation of carcinoma cells, and
kill the normal cells. While too low dose had weak
cytotoxicity, it couldn’t take effect in spite of the ability to
induce apoptosis of carcinoma cells. Moderate dose could
induce the apoptosis of amount of cancer cells, but produce
obvious cytotoxic effect[41-45].
Apoptosis has a close relationship with cell cycle. Among
the current anti-cancer drugs, whether the cellular cyclespecific drugs or the non-specific ones, both of them have the
first-class kinetics, which is that they cannot kill all of the tumor
cells but some proportion of them. Studies showed that some
carcinoma cell lines, such as human hepatocarcinoma[14,22],
stomach cancer and pancreatic cancer and so on[36], may show
blockage of G2/M phase after treated with As2O3 in vitro. While
in human mammary carcinoma cell line, cell cycle was blocked
at different phases with different dose of As2O3. The results in
this study indicated that As2O3 could induce the change of cell
cycle in rat. The prominent feature was that middle-dose of
As2O3 would lead to G2/M blockage and large-dose of As2O3
would lead to G0/G1 blockage. It was thought that different
dose of As2O3 held different influence on cell cycle of rat
carcinoma cells and they correspondingly maybe had different
end of cell cycle blockage. This study showed that with middledose of As2O3, the cells at G2/M phase had very high incidence
of apoptosis, while the rate of apoptosis was low at G1 and S
phase, presenting very strong cell cycle- specific manner.
However, at the same time, in spite of the low incidence of
apoptosis at G1 and S phase, at both of them, especially at
G1 phase, the proportion of apoptotic cells to total apoptotic
cells couldn’t be ignored. In the high- or low- dose of arsenic
group, apoptosis didn’t present the highest sensitivity at some
phase. The above results suggested that arsenic may belong
to a kind of non-typical cell cycle-specific drugs, and would
get better therapy effect after combination with other cell
cycle-specific drugs.
PCNA is an assistant protein of DNA polymerase, directly
participating in the DNA replication during the cell
proliferation. PCNA is lowly expressed in rest cells, and gets
its peak at G1 late phase and S phase, and then significantly
descends at G2/M phase. The content and expression degree
of PCNA reflect the activity of cellular proliferation, which is a
main biologic index of cellular proliferation. The present study
showed that PCNA LI of the rat hepatocarcinoma cells was
decreased to different level after the treatment of As2O3.
Different dosages of As2O3 resulted in different degree of
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reduction of PCNA LI. The higher dose resulted in more
significant reduction, proving that there did exist certain dose
effect relationship in the inhibition of proliferation of As2O3 on
hepatocarcinoma cells.
Cisplatin is one of the most effective chemotherapy drugs
on hepatocarcinoma at present, but the serious renal-toxicity
limits its use. Under microscope the renal toxicity of cisplatin
manifests acute denaturalization tubular epithelium, necrosis,
interstitial edema and tubular dilation. Our study showed these
changes were showed in the cisplatin group (4/7) while no
significant changes happened in the As2O3 group.
Studies showed that the renal toxicity had close relation
with its oxidized damage to tubules. Bcl-2 is an apoptosis
inhibitor and a strong anti-oxidant[18-21]. With the action of
cisplatin, the expression of bcl-2 was strikingly decreased in
the renal tubular epithelium. Preliminary treatment with some
medicines (Midkine, uranyl acetate) can increase the expression
of bcl-2 and decrease the apoptosis resulting from cisplatin,
and subsequently on low its damage on tubules[9,19]. In this
study, after administration of As2O3, the expression of bcl-2 in
renal tubular epithelium was increased, while PCNA LI was not
significantly changed. It was supposed that with the effect of
As2O3, expression of apoptosis repression gene bcl-2 was
increased, resulting in the inhibition of apoptosis, meanwhile,
the anti-oxidated effect of bcl-2 was able to counteract possible
oxidated damage, therefore it didn’t have obvious toxic side
effect on renal tubular epithelium.
In conclusion, this study indicated that As2O3 could induce
apoptosis of rat hepatocarcinoma cells. And there exists
optimization dose, too high dose will cause the cytotoxic effect,
while proper dose of As2O3 is able to block the cell cycle at G2/
M phase. As2O3 had the most remarkable influence on cells at
G2/M phase, and it can also induce apoptosis to the cells at
other phases. As 2O 3 can restrain the proliferation of rat
hepatocarcinoma cells, presenting a dose-time relationship.
Compared with cisplatin, As2O3 didn’t show obvious renal
toxicity which maybe was related to the increase of expression
of bcl-2 in renal tubular epithelium, the inhibition of apoptosis
and its anti-oxidation effects[45].
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Abstract
AIM: To compare the effect of nimesulide or/and 5fluorouracil (5-FU) on tumor growth inhibition and apoptosis
in mice with the implanted hepatoma and to observe their
possible interactions.
METHODS: The inhibitory effects on tumor growth was
evaluated by inhibition rate. Apoptosis was assessed by the
ultrastructural, flow cytometry features and the DNA ladder
demonstrated by agarose gel electrophoresis. PGE2 level
was determined by radioimmunoassay. Expression levels of
c-jun, c-fos and p53 were evaluated by western blotting.
RESULTS: Nimesulide or 5-FU alone inhibited the growth
of hepatoma, while a synergistic effect was observed for a
combined use of both. More pronounced morphologic
changes for tumor cell apoptosis and the DNA ladder were
found for the latter treatment. Expression levels of c-jun
and p53 were found to be elevated for the tumors from
mice treated with nimesulide and 5-FU comparing to those
with either of them, but a reduced PGE2 level was observed
only for the treatment with nimesulide. No change was
detected on c-fos expression.
CONCLUSION: Nimesulide and 5-FU appear to have
synergistic effects for the growth inhibition and apoptosis
induction. Both were found to be overexpressed in p53 and
c-jun proteins, rather than that of c-fos, associations with
the resulted apoptosis.
Li XH, Li XK, Cai SH, Tang FX, Zhong XY, Ren XD. Synergistic
effects of nimesulide and 5-fluorouracil on tumor growth and
apoptosis in the implanted hepatoma in mice. World J
Gastroenterol 2003; 9(5): 936-940
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INTRODUCTION
5-Fluorouracil (5-FU) is widely used in the chemotherapies

for many malignancies including gastrointestinal, breast and
head and neck cancers. Its intravenous or intra-arterial delivery
was often used as a monotherapy or in combination with other
chemotherapeutic agents. It can cause DNA damage and
induces apoptosis in some cancers[1-3]. Further works are being
done to potentiate 5-FU cytotoxicity by improving the dosing
schedule and biochemical modulation of 5-FU. However, one
of the major hindrances for its clinical application is the
development of resistance by neoplastic cells, being innate or
acquired for 5-FU [4]. 5-FU, therefore is often used in
combination with other anti-cancer therapies in the treatment
of solid tumors. Experimental have indicated that pre-exposure
of MCF-7 breast cancer cells to paclitaxel followed by 5-FU
was preferable[5].
During the last 20 years, accumulating data have shown
an anti-proliferative effect of non-steroidal anti-inflammatory
drugs (NSAIDs) in a variety of malignant cell lines[6-12]. PGs
and their synthesizing enzyme COX-2 was suggested to be
involved in carcinogenesis[13]. Reducing the COX-2 and PGE2
expression proved to be an alteration approach to inhibit tumor
growth. Some selective COX-2 inhibitors may be of the
therapeutic significance. Nimesulide, a sulfonanilide class COX2 inhibitor, can bind specifically to the large catalytic moiety of
COX-2, with much less adverse effects on the gastrointestinal
tract compared to the non-specific NSAIDs[14]. In our previous
studies, nimesulide was found to reduce the COX-2 and PGE2
levels in association with the resulted apoptosis in mice
implanted Hepatoma. In the present study a synergistic effect
was observed for nimesulide and 5-FU on the growth and
apoptosis of mouse hepatoma, and its possible molecular
mechanism(s) was also investigated.

MATERIALS AND METHODS
Drugs and reagents
5-FU was purchased from Dongrui Pharmaceutical Co
(Jiangsu, China). Nimesulide and other chemicals were
purchased from Sigma Chemical Co (St. Louis, MO, USA)
and suspended in PBS (pH 7.2). Monoclonal anti-mouse
antibodies were supplied from Santa Cruz.
Animals and tumor model
Kunming breed mice, with their body weights ranging from
18 g to 22 g, were used. Subcutaneous inoculation was
conducted in the flank with 1×107/ml mouse hepatoma cell
line HepA[15]. The mice were bred on standard mouse chow
and tap water under standard conditions. Nimesulide was given
ig daily in a volume of 0.2 ml. 5-FU was injected ip every
three days. Mice were randomly separated into five groups,
10 mice each: vehicle control, nimesulide 20 mg/kg, 5-FU 10
mg/kg, 5-FU 20 mg/kg, and nimesulide 20 mg/kg plus 5-FU
10 mg/kg. Throughout the experimentation period, food and
water was available to animals ad libitum. After 21d test period
animals were killed by cervical dislocation. Tumor was
weighed, and fixed or minced using a mortar and pestle.
Tumor inhibition rate
Tumor growth was evaluated by the inhibition rate as assessed
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by the formula: IR=(1-T/C)×100 %. IR represents inhibition
rate, T and C indicate the mean tumor weights in the treatment
and control groups, respectively.

Morphological analysis of apoptosis
Morphological changes indicative of apoptosis were detected
by electron microscopy (EM). Briefly, dissected tumor samples
were fixed with 20 ml/L glutaraldehyde in PBS for 1 h. After
being washed with buffer for 3 times, the samples were postfixed in OsO4 in cacodylate buffer for 1 h. Subsequently, the
samples were dehydrated in ethanol and embedded in epoxy
resin (Agar 100). Thin sections (70nm) were stained in uranyl
acetate and Reynolds lead citrate and viewed at 75 kV in an
electron microscope (JEM-100CX 11/T).
Flow cytometry
Cell suspension was fixed in ice-cold 70 % ethanol in PBS,
and stored at -20 . Prior to analysis, the cells were washed
and resuspended in PBS and incubated with RNase I 1 g/L
and propidium iodide 20 mg/mL at 37
for 30 min. The
analysis of samples was performed using a flow cytometer.
DNA ladder visualication
Pulverized tumors were lysed with 150 µl hypotonic lysis buffer
(10 mmol/L EDTA, 0.5 % Triton X-100 in 1 mmol/L Tris-HCl,
pH7.4) for 15 min on ice and were precipited with 2.5 %
polyethyleneglycol 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 incubated in the presence of proteinase
for one hour and precipitated with
K (0.3 g/L) at 37
isopropanol at -20 . After centrifugation, each pellet was
dissolved in 10 µl of Tris-EDTA (pH7.6) and electrophoresed
on a 1.5 % agarose gel containing ethidium bromide 2 mg/mL.
DNA fragments were visualized by ultraviolet transillumination.
Detection of prostaglandin E2 (PGE2) by radioimmunoassay
(RIA)
The amounts of immunoreactive PGE2 in samples of solid
tumor from mice were determined by RIA using a kit
(Institute of Blood, Suzhou Medical university, China)
following to the manufacturer’s instructions. Briefly, to each
polypropylene RIA tube, 100 µl of anti-PGE2, 125I-PGE2, and
PGE 2 or a sample were added. Immune complexes were
precipitated 24 h later with 1 ml of polyethylene glycol
solution, and the radioactivity in the precipitate was
determined by a gamma counter. There was no nonspecific
interference of the assay by the components of the sample.
Assays were carried out in triplicate and the mean and
standard deviations were obtained.
Western blotting for c-jun, c-fos, and p53
Samples were extracted with a lysis buffer (1 % Triton-100,
50 mM NaCl, 50 mM NaF, 20 mM Tris pH 7.4, 1 mM EDTA,
1 m M E GT A , 1 m M s o d i u m v a n a d a t e , 0 . 2 m M
phenylmethylsulfonyl fluoride, and 0.5 % Nonidet P-40). The
cell lysates, 60 mg each, were solubilized in sample buffer by
boiling for 5 min, and then subjected to 10 % SDS-PAGE.
The resolved proteins were electrotransfered onto a
nitrocellulose filter. The filter was incubated consecutively with
a primary antibody and with peroxidase-conjugated anti-mouse
immunoglobulin G (IgG). The reactions were visualized using
the ECL detection system.
Statistical analysis
Results are expressed as x±s. Statistical analysis of the results
was performed using the student’s t-test. P<0.05 was
considered statistically significant.
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RESULTS
Tumor inhibition rate
Administrated nimesulide and 5-FU suppressed tumor growth
of the implanted hepatoma. The growth inhibitory rate was
about 30 % after treatment with nimesulide (20 mg/kg).
Application of 5-FU (20 mg/kg) also resulted in a marked
inhibitory effect on the growth of the implanted tumors, while
no significant effect was observed with the lower dose (10
mg/kg). It showed a greater inhibitory effect with a combined
use of nimesulide and 5-FU than with either of them (Table 1).
Table 1 Effect of nimesulide and 5-FU on tumor inhibition in
mouse implanted hepatomas (n=10, x±s)
Group

X1

R1

X2

R2

Control

3.67±1.7

-

3.69±1.6

-

Nimesulide 20mg/kg

2.59±0.9c

30%

2.56±0.9c

31%

5-FU 10mg/kg

2.63±0.9c

28%

2.61±1.0c

29%

5-FU 20mg/kg

1.11±0.6

70%

1.01±0.6

Nimesulide 20mg/kg

0.43±0.2a

88%

0.49±0.2a

ab

ab

73%
87%

+5-FU 10mg/kg
a
P<0.01 vs control, bP<0.05, cP<0.01 vs nimesulide+5-FU. X1:
the first mean tumor weights; R1: the first mean inhibition rates;
X2: the second mean tumor weights; R2: the second mean inhibition rates.

Effect of nimesulide and 5-FU on apoptosis in HepA cells
The tumor growth-inhibiting effect was found to be associated
with apoptosis as demonstrated by EM, and characterized by
cell shrinkage and blebbing, condensation of unclear chromatin
and nuclear fragment (Figure 1). Administration of 20 mg/kg
of nimesulide or 20 mg/kg of 5-FU alone resulted in slight
increases in apoptotic cell numbers, whereas the combined use
of 20 mg/kg of nimesulide and 10 mg/kg of 5-FU caused
markedly increased number of apoptotic cells.

2 µm

2 µm

A

B

Figure 1 Electro micrographs of nimesulide plus 5-FU treated
mice hepatoma. A, control; B, nimesulide plus 5-FU.
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Agarose gel electrophoresis showed DNA ladder in the
hepatoma tissue 21 d after the treatment. Compared to those
caused by nimesulide or 5-FU alone, the DNA ladder appeared
more pronounced for the combined the treatment with 5-FU
(10 mg/kg) and nimesulide. (Figure 2).
M
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2

3
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Expression of PGE2
The PGE2 contents of the implanted hepatoma tissue was
636.67±17.9 ng/ml after treatment with 20 mg/kg of 5-FU,
being at the same level as in the control group. However, it
was significantly reduced with nimesulide administered, alone
or combined with 5-FU (10 mg/kg) (Figure 4). Apparently,
the mechanisms for the growth inhibition by nimesulide and
5-FU may be different, the former being associated with, and
the latter independent of, PGE2 content in tumor tissue.

1 968bp

700

984
862
738
PGE2(pg/ml)

246

The pro-apoptotic effect of nimesulide was further
confirmed by flow cytometry. After treatment with nimesulide
and/or 5-FU for 21 d, the profiles of the DNA histograms were
different from control (Figure 3). With 5-FU and nimesulide
administered, a striking SubG 1 peak was found and the
apoptotic index increased from (4.3±1.5) % to (72±2.5) %
(Table 2).
Table 2 Apoptotic indices of nimesulide and 5-FU in mouse
hepatoma tissues after the treatment with determined by FCM.
n=3, x±s
Control

Nimesulide
(20 mg/kg)

4.3±1.5

29.0±2.6ac

5-FU
(20 mg/kg)

Nimesulide
(20 mg/kg)+
5-FU (10 mg/kg)

49.0±2.0ac

72.0±2.5a

300
200

0
1

0

Effect on c-jun, c-fos, and p53 expressions
Western blotting showed that nimesulide or 5-FU induced
expression of c-jun and p53 in mouse hepatoma. Treatment
with nimesulide plus 5-FU resulted in up regulation of the
expression of these genes, while it was not for the c-fos
expression. Treatment with of 5-FU, 20 mg/kg in dose, also
gave rise to expression of c-jun and p53. However, the effect
of the combined application of nimesulide and a low dose of
5-FU (10 mg/kg) was more pronounced compared to those of
5-FU or nimesulide alone (Figure 5).
1

2

3
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Figure 4 Effect of Nimesulide and 5-FU on PGE2 content in
mouse hepatoma. Each column is the mean ± SD of the sample.
1-4, control, nimesulide 20 mg/kg, 5-FU 20 mg/kg, and
nimesulide 20 mg/kg+5-FU 10 mg/kg. n=3. x±s. aP<0.01 vs
control, cP<0.01 vs nimesulide+5-FU.
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Figure 2 DNA ladder pattern of hepatoma tissues as demonstrated by agarose gel 1.5 % electrophoresis. M, DNA markers;
lanes 0–3, control, nimesulide 20 mg/kg, 5-FU 20 mg/kg,
nimesulide 20 mg/kg +5-FU 10 mg/kg.
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Figure 5 Effect of nimesulide and 5-FU on expression of c-fos,
c-jun, and p53 in mouse hepatoma. 0-3, control, nimesulide 20
mg/kg, 5-FU 20 mg/kg, nimesulide 10 mg/kg+5-fu 10 mg/
kg. The β-actin was used as an intrinsic reference molecule.
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Figure 3 Data of flow cytometry of mouse hepatoma without
any treatment as a control (A), or following 21 d treatment
with nimesulide 20 mg/kg (B), 5-FU 20 mg/kg (C) and
nimesulide 20 mg/kg+5-FU 10 mg/kg (D). The sub-G1 peak
to the left of the G1 peak represents apoptotic cells.

DISCUSSION
Previous observations showed that indomethacin, a nonselective COX inhibitor, improved hematopoietic recovery
following 5-FU. 5-FU toxicity, determined as loss of colonyforming ability, increased with its dose, and indomethacin
caused a generalized alleviation of 5-FU toxicity, but only if
given concurrently with 5-FU[16]. By the subsequent treatment
with interferon γ, indomethacin, and phenylbutyrate in human
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colon carcinoma cells, the recurrence of colon carcinomas,
occurring frequently between cycles of 5-FU treatment, can
be prevented or at least effectively retarded[17].
The present study demonstrated that both nimesulide and
5-FU can inhibit the tumor growth and induce apoptosis, the
combination of nimesulide and 5-FU being more effective
compared to that of 5-FU or nimesulide alone. Apparently,
apoptosis may be associated with the growth-inhibiting effect
of 5-FU combined with nimesulide, and a synergistic effect
was observed for these two agents. As demonstrated in this
report, 5-FU (20 mg/kg) or nimesulide alone stimulated c-jun
and p53 expression in hepatoma at a low level, this effect being
greatly enhanced its combination with nimesulide.
The mechanism involved in growth inhibition and cell
apoptosis by combination nimesulide with 5-FU treatment
remains obscure. The ultimate outcome of tumor treatment with
anti-cancer agents is the effect of many intrinsic and extrinsic
factors, functioning independently or cooperatively[18-20]. In the
present study the possible role of c-fos and c-jun protein on
tumor growth and apoptosis was evaluated [21]. The wellcharacterized substrate of JNK is c-Jun, a component of the
AP-1 transcription factor [22,23]. Expression of c-jun was
repeatedly shown to be involved in apoptosis induction and
growth inhibition of many anti-cancer agents. In the present
study, the level of c-jun was up-regulated by the treatment
with nimesulide or 5-FU alone, and that with nimesulide plus
5-FU were even more effective. No significant change was
observed in the c-fos levels in tumors after treatment with
nimesulide or 5-FU alone, or their combined use, indicating
that the anti-cancer effects on mouse hepatoma were associated
with c-jun rather than c-fos.
The tumor suppressor gene, p53, is a key component in
regulating cell cycle progression[24]. Strikingly, many apoptotic
stimuli are known to be p53-dependent[25-30]. For example, p53
is required for the bleomycin-induced cerebellar granule cell
death, following c-jun protein overexpression[31]. MIF, a local
proinflammatory cytokine, is capable of functionally
inactivating p53. The observation provides a mechanistic link
between inflammation and cancer[32]. Moreover it is well known
that selective COX-2 inhibitors have anti-inflammation and
anti-cancer effects through inhibition COX-2. The elevated
p53 level in mouse hepatoma treated with nimesulide alone or
plus 5-FU may be due to inhibit COX-2 and PGE2 level.
Furthermore 5-FU induces cell apoptosis in a p53-dependent
way[33]. Our results raise the possibility that p53 is required for
c-jun-dependent apoptosis induced by nimesulide or/and 5FU treatment. It is possible that theses two drugs increase p53
expression though different intracellular pathway for activating
cell death processes.
In conclusion, a synergistic effect was observed between
nimesulide and 5-FU on apoptosis in murine hepatoma,
indicating its potential application in the management of human
hepatocellular carcinomas.
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analysis to comprehend its pathological biological
characteristics. This can not only provide the clinic the
reliable information about the occurrence, development,
diagnosis, curative effect and prognosis of tumors but also
supply biological information for clinic to choose
therapeutic schemes.

Abstract

http://www.wjgnet.com/1007-9327/9/941.htm

AIM: To probe the pathological biological characteristics of
hepatocellular carcinoma (HCC) by the ultrasound-guided
aspiration biopsy and assess the clinical application value of
this method.
METHODS: The biopsy and DNA analysis by flow cytometry
(FCM) were taken in 46 cases with HCC nodules, including
26 cases and 20 cases with nodules 3 cm and >3 cm in
diameters respectively, and 12 cases with intrahepatic benign
hyperplastic nodules. They were taken in 22 cases of 46
cases with HCC before and after the therapy. Fine-needles
and automatic histological incised biopsy needles were used.
The fresh biopsy tissue was produced into the single cell
suspension, which was sent for DNA detection and ratio
analysis of cell period. The ratio of each DNA period of cell
proliferation of each group was calculated and compared
with each other. The DNA aneuploid (AN) and apoptosis
cell peak were observed and their percentages were
calculated.
RESULTS: The ratios of S and G2/M periods of DNA, which
reflect cell hyperproliferation, in the group with HCC tumors
>3 cm in diameter were markedly higher than those of the
group with HCC nodules 3 cm in diameter and the group
with the benign hyperplastic nodules (P<0.01 except A:B of
S period, P<0.05). The ratios of the middle group were also
apparently higher than those of the latter group (P<0.01).
The ratio of DNA AN of 46 cases with HCC nodules was
34.8 % (16/46). None of the cases with the intrahepatic
hyperplastic nodules appeared AN. The DNA AN appeared
more apparently with the growth of the tumors. The AN
ratio of the group with tumors >3 cm in diameter was 55 %
(11/20), markedly higher than that of the group with tumors
3 cm in diameter which was 19.2 % (5/26) (P<0.01). The
FCM DNA analysis of 22 specimens of hepatic carcinoma
tissue before therapy showed that the aneuploid peaks
appeared in 5 cases (22.7 %). The ratio of G1 period rose
after therapy while the S period and G2/M ratios fell (P<0.01).
The aneuploid peak disappeared in the 5 cases after the
therapy, while the apoptosis peaks in 12 cases (54.5 %)
appeared.
CONCLUSION: Addition to supply the information of the
pathological morphology of the tumor, the ultrasound-guided
fine-needle aspiration tissue could be sent for FCM DNA
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INTRODUCTION
Recently, with the wide use of flow cytometry (FCM) in
clinic, it becomes possible to make pathological diagnosis
develop from qualitative analysis of the morphology to
quantitative analysis[1-5]. The study of DNA analysis of the
biological characteristics of hepatocellular carcinoma (HCC)
model and hepatectomy specimens of man HCC has greatly
developed [6-18] . But the study of DNA analysis of the
pathological biological characteristics of HCC specimens
acquired from the ultrasound-guided aspiration biopsy has
been rarely reported[15,19]. In our study, the ultrasound-guided
aspiration biopsy and the FCM DNA analysis were taken in
46 cases with HCC, including 22 cases with HCC before and
after the therapy and 12 cases with intrahepatic benign
hyperplastic nodules (IBHN) in order to probe the biological
characteristics of HCC and assessed the clinical application
value of this research.
MATERIALS AND METHODS
Subjects
Forty-six cases with HCC, including 26 cases and 20 cases
with nodules 3 cm and >3 cm in diameters respectively,
consisted of 39 males and 7 females. The mean age was 53.7
years (range, 29-72). Twenty-two of 46 cases taking
ultrasound-guided interventional therapy included 16 males
and 6 females. Twelve cases with IBHN comprised 7 males
and 5 females and the average age was 47.5 years (range, 2758). The diagnosis was established by cytopathological and /
or histological examinations.
Instruments and methods
The apparatuses were Aloka-650 and 1700 with 3.5-MHz
probe. All cases took aspiration biopsy with 22G PTC needles.
Twenty-two cases with HCC took percutaneous ethanol or
other anti-tumor drug injection therapy for 5-8 times after
biopsy, then took aspiration biopsy once again. The 18G
automatic histological incised biopsy needle ( producted by
C.R. Bard, Inc, American) was used if the specimen taken by
the fine needle aspiration was unsatisfactory. The amount of
platelet of the patient must be >60×109/L and the mobility of
thrombogen of the cases must be >50 %. The process of fineneedle aspiration biopsy was as follows. The point of puncture
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in the skin was determined by ultrasonography. Then
sterilization, drape and local paralysis were done. The fine
needle punctured through the point into the focus. The needle
was twitched up and down in the focus. At the same time, the
negative pressure was kept in the syringe. The needle was taken
out when the tissue and / or tissue with blood were seen in the
syringe. The aspirated material was divided into three parts.
One part was smeared on glass slides for pathological
examination. The second part was placed in 10 % formalin or
electron microscope (EM) liquid for electron microscopy. The
last part was placed in 10 ml physiological saline for cytometric
DNA analysis. The process of puncture of automatic
histological incised biopsy was similar to that of fine-needle
aspiration biopsy. The needle punctured to the periphery of
the mass, ejected and excised the tumor tissue, then was
extracted quickly. The sample was 19.0 mm in length and 1.0
mm in diameter.
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Table 1 The ratios of cell proliferation of HCC in different
diameter and benign hyperplastic nodules (%, x±s)
Characteristics
of foci
The group with
HCC>3 cm (A)
The group with
HCC 3 cm(B)
The group with
IBHN (C)

Number
of cases

DNA analysis of each period
G1 period

S period

G2/M period

20

40.3±6.8

43.5±7.4

16.2±1.7

26

57.7±5.8

30.4±5.2

11.9±1.1

12

94.8±0.7

2.6±0.5

2.6±0.4

G1 period A:B A:C B:C P<0.01; S period A:B P<0.05, S period B:
C A:C P<0.01; G2/M period A:B B:C A:C P<0.01.
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Figure 1 DNA analysis of aspiration biospy tissues acquired
from intrahepatic benign hyperplastic nodules showed steady
diploid (2C) peak that stayed in G1 period (single red peak).
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Figure 2 DNA analysis of aspiration biopsy tissues acquired
from HCC nodules showed S period of hyperproliferation (the
peak with oblique lines) and G2/M period (the second red peak).

The statistical materials also showed that the ratio of DNA
AN stem-line of 46 cases with HCC nodules was 34.8 %(16/
46) (Figure 3). While none of cases with IBHN appeared AN
stem-line. The DNA appeared AN more apparently with the
growth of the tumors. The AN ratio of the group with tumors
>3 cm in diameter was 55 % (11/20), markedly higher than
that of the group with tumors 3 cm in diameter which was
19.20 % (5/26) (P<0.01).
200
150
Number

RESULTS
Table 1 showed the ratio of each DNA period of cell
proliferation of each group. Statistical analysis showed that
the ratio of S and G2/M periods of DNA, which reflect cell
hyperproliferation, in the group with HCC tumors >3 cm in
diameter were markedly higher than those of the group with
nodules 3 cm in diameter and the group with the benign
hyperplastic nodules (P<0.01 except A:B of S period, P<0.05).
The ratios of the middle group were also apparently higher
than those of the latter group (P<0.01). The apparent
characteristics were that the DNA of IBHN was steadily in G1
period, which means the nonproliferation diploid (2c) state
(Figure 1). While the DNA of HCC cell stayed in unstable
division stage and appeared the cell hyperproliferation state
(Figure 2) with the development of foci.

600
300

The examination method of FCM
The FACScan (B.D. company, America) was adopted. At first,
the fresh biopsy tissue was produced into the single cell
suspension[1]. Then it was stained by PI for DNA analysis.
DNA content was measured and the ratio of each DNA period
of cell proliferation was analyzed. The ratio of each DNA period,
the percentage of the DNA aneuploid (AN) and the percentage
of apoptosis cell peak were observed.
Statistical analysis
The average value and standard deviation of the percentage of
the ratio of cell proliferation and DNA AN stem-line of each
group were calculated respectively. The student-t test or
student-t’ test was used to test whether the mean of each group
was different from each other. A difference was regarded as
significance if P<0.05.
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Figure 3 DNA analysis of HCC nodules showed aneuploid
(AN) peak (the orange peak).

The pathological results of 22 cases among 46 cases with
HCC after the ultrasound-guided percutaneous interventional
therapy showed that the tumor cells appeared pyknosis and
necrosis in various degrees. The Table 2 showed the results of
FCM DNA analysis of the aspiration tissue. The ratio of G1
period which reflects cell steady state rose apparently after
therapy (P<0.01). While the ratios of S period and G2/M period

Lin LW et al. Ultrasound-guided aspiration biopsy in HCC

which reflect cell hyperproliferation fell (P<0.01). After therapy
the AN peaks disappeared in 5 cases which appeared before
therapy and the apoptosis peaks appeared in 12 cases (54.5 %)
(Figure 4) which was consistent with the cell pyknosis and
dark nuclear staining showed by the histopathologic
examination and the typical apoptosis cell or/and apoptosis
body showed by the electron microscopy (Figure 5).
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Fig ure 4 DN A a na lys is of H CC no dul es sh ow ed
hyperproliferation state before therapy (left) and apoptosis
peak after therapy (the blue peak).

Figure 5 The same cases as those in figure.4 appeared typical
apoptosis cells and apoptosis bodies after therapy.
Table 2 Cell proliferative ratios of 22 cases with HCC before
and after ultrasound-guided interventional therapy (%, x±s)
Each period of cell proliferation (%)
Time of detect

G1 period

S period

G2/M period

Before therapy(a)

52.6±7.2

37.5±8.1

9.9±1.9

After therapy(b)

94.7±4.1

3.7±2.5

1.6±0.5

a:b of each period P<0.01.

DISCUSSION
The application value of cytopathological and histological
examinations using ultrasound-guided aspiration biopsy has
been affirmed in clinic[20-22]. There are also many scholars using
many immunological methods to study the biological
characteristics of hepatic tumors[23-45]. But the study of DNA
detection of intrahepatic tumor tissue by ultrasound-guided
fine-needle aspiration or incising biopsy [15,19] is rarely
reported. On the basis of comparative study between
ultrasound-guided fine-needle and heavy-needle biopsy, we
made pathomophological examination of HCC nodules that
were different in diameter, HCC nodules before and after therapy
as well as benign hyperplastic nodules by ultrasound-guided
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puncturing biopsy. At the same time[46-48], the fresh biopsy
tissue was produced into the single cell suspension which was
sent for FCM DNA detection and ratio analysis of cell period.
The changing process of cell proliferation was observed.
Through the study of biological characteristics of hepatic
carcinoma and pathological comparison of hepatic carcinoma
tissue before and after the therapy, we probed the application
value of DNA analysis in assessment of the therapeutic efficacy
and prognosis.
It is determined by the biological behavior of the cell itself
that the normal tissue, reactive tissue and benign tumor all
have normal diploid DNA. Like most other malignant tumors,
HCC appears polyploid DNA, especially AN DNA. AN has
become a reliable cytobiological signs of human malignant
tumors[49]. On the other side, like other malignant tumors, the
occurrence and development pattern of HCC also relate to a
biological behavior that changes from a relative steady
benign state in the early period to a high proliferative
malignant state[3,4,7,50]. The study of HCC model of animal shows
that, acted by the carcinogen the animal based on the hepatic
cirrhosis appears the proliferation group of new born
hepatocytes with diploid DNA stem-line which has highly
proliferative activity and the potential ability of malignant
tendency. That is the cytological basis of carcinogenesis later.
The continuous changes of DNA stem-line in the process of
occurrence and development of HCC form the characteristics
of the various biological dynamic mechanism from early relative
benign state to markedly malignant state of high proliferation.
The course of DNA stem-line changing from 2C to AN is an
important pathobiological sign. So the study of biological
characteristics of HCC has the important clinical practical value
for early diagnosis, selection of therapeutic schemes and
judgment of prognosis of HCC. In our study, DNA analysis of
HCC tissue by ultrasound-guided puncturing aspiration biopsy
was made before and after therapy. The ratio of each period in
cell period showed that the ratios of synthesis phase (S period)
and mitosis phase (G2/M period) which reflect high proliferation
of HCC group were apparently higher than those of benign
hyperplastic group (P<0.01) and that the ratios of S and G2/M
period apparently rose with the growth of the tumors. As we all
know, DNA, as the material basis of heredity of biotic bodies,
is mainly located in chromosome of nucleus. The degree of
maturation is closely relative to DNA content. The cell in nonproliferative state is characterized by 2C DNA stem-line. The
DNA content increases multiply when cells enter division stage
and DNA changes into AN stem-line. With the increasing of
malignant degree of cell, the structure and amount of
chromosome are more abnormal and the phenomena of
changing into high proliferative state and AN is more
remarkable. On the basis of the studies of animal HCC model
and hepatectomic human HCC sample, Cong MW regards that
the smaller HCC <3 cm in diameter is mainly characterized by
diploid DNA stem-line which indicates relatively slow growth,
lower malignant degree, tumors mostly having capsules, foci
limiting, lower distant metastasis rate and lower occurring rates
of thrombosis and satellite foci of tumor[3,4]. All these are the
pathological basis of conducting radical operation. Our material
also shows that 34.8 % of 46 cases with HCC appeared AN.
The ratio of AN of the group with tumor >3 cm in diameter
reached 55.0 % (11/20), markedly higher than that of the group
with tumor 3 cm in diameter which was 19.2 % (5/26) (P<0.01).
None of the cases with IBHN appeared AN. It is worth
mentioning that, with the growth of tumor, the DNA gradually
changes from low proliferation to AN stem-line at certain extent,
which reflects that pathobiological characteristics is in relation
to the size of tumor nodules. But it is not consistent thoroughly.
In our study, the diameter of a small HCC nodule was only 1.1
cm, yet the DNA analysis characterized it by typical AN stem-
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line (Figure 3).
Many scholars have made the researches in the relationship
between the ploidy type and the prognosis of many tumors
including HCC by FCM DNA analysis[51-55]. But the study of
DNA analysis by ultrasound-guided fine-needle biopsy to
assess the therapeutic efficacy has been rarely reported[56]. In
our study, DNA analysis of tumor biopsy tissue shows that the
AN stem-line which appeared before therapy disappeared after
the ultrasound-guided interventional therapy with the cancer
cell being killed. The ratios of S and G2/M periods all fell
obviously (P<0.01) and 54.5 % cases appeared physiological
death process which was different from common necrosis, in
another word, appeared apoptosis peak before G0-G1 period.
All these changes were consistent with what had been seen in
pathological examination. DNA content rose multiply and the
cell appeared polyploid when the cell entered division stage.
In pathological state, especially for cancer cells, the structure
and amount of chromosome became abnormal and the
phenomenon of polyploid and/or AN became more remarkable.
Summarily, the content and periods of DNA decreased and
increased with dying and recurring of the cancer cell[2,5,57]. The
materials also show that DNA analysis could supply reliable
biological information and objective quantification index.
This study shows that besides providing pathomorphological
information of cytology and histology, the tissues acquired by
ultrasound-guided puncturing biopsy could also be sent for
FCM DNA analysis to comprehend the biological
characteristics of tumors. So this method attains the objective
of “one needle, three uses” and provides valuable clinical basis
for diagnosis, therapeutic efficacy and prognosis assessment
of tumors and is worth further studying.
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Abstract
AIM: To inve sti gate gap ju n ctio nal i ntercel lu lar
communication (GJIC) in hepatocellular carcinoma cell
lines, and signal transduction mechanism of gap junction
genes connexin32(cx32),connexin43(cx43) in human
hepatocarcinogenesis.
METHODS: Scarped loading and dye transfer (SLDT) was
employed with Lucifer Yellow (LY) to detect GJIC function
in hepatocellular carcinoma cell lines HHCC, SMMC-7721
and normal control liver cell line QZG. After Fluo-3AM
loading, laser scanning confocal microscope (LSCM) was
used to measure concentrations of intracellular calcium
[Ca2+]i in the cells. The phosphorylation on tyrosine of
connexin proteins was examined by immunoblot.
RESULTS: SLDT showed that ability of GJIC function was
higher in QZG cell than that in HHCC and SMMC-7721 cell
lines. By laser scanning confocal microscopy, concentrations
of intracellular free calcium [Ca2+]i was much higher in
QZG cell line (108.37 nmol/L) than those in HHCC (35.13
nmol/L) and SMMC-7721 (47.08 nmol/L) cells. Western
blot suggested that only QZG cells had unphosphorylated
tyrosine in Cx32 protein of 32 ku and Cx43 protein of 43
ku; SMMC-7721 cells showed phosphorylated tyrosine
Cx43 protein.
CONCLUSION: The results indicated that carcinogenesis
and development of human hepatocellular carcinoma related
with the abnormal expression of cx genes and disorder of
its signal transduction pathway, such as decrease of [Ca2+]i,
post-translation phosphorylation on tyrosine of Cx proteins
which led to a dramatic disruption of GJIC.
Ma XD, Ma X, Sui YF, Wang WL, Wang CM. Signal transduction
of gap junctional genes, connexin32, connexin43 in human
hepatocarcinogenesis. World J Gastroenterol 2003; 9(5):
946-950

http://www.wjgnet.com/1007-9327/9/946.htm

INTRODUCTION
Hepatocellular carcinoma has been one of the most common
malignant threatening human health [1-9], and much higher
incidences of human hepatocellular carcinoma (HCC) are
observed recently [10-18] . Gap junctional intercellular
communication (GJIC) is performed by intercellular
hemichannels[19], which are formed by six basic protein subunits
named connexin (Cx) expressed in neighboring cells[20]. Six
connexins form around a central pore [21], through which
adjacent cells can exchange low weight molecules of information
and energy directly[22]. At least 16 members of connexin super
gene family have been identified, which are divided into two
groups according to amino acid sequence. GJIC mediated via
gap junctions plays important roles in tissue homeostasis,
embryonic development as well as carcinogenensis[23-25]. The
mechanisms of carcinogenesis may be related with the block of
GJIC of homologous and heterologous communication between
tumor cells and surrounding normal cells[26].
Connexin32 (Cx32) and connexin43 (Cx43) are the major kinds
of gap junction proteins expressing in hepatocytes[18]. Our works
showed that expressions of Cx32,Cx43 proteins decreased in
hepatocellular carcinoma tissues and cell lines whereas
increased in normal tissues and cell lines[19-21], but cx32 mRNA
and cx43 mRNA kept a high level in both hepatocellular carcinoma
and normal liver cells lines described previously [22,23]. It
suggested that the mechanism involved in abnormal processes
in post-translation or signal transduction is worthy of
discussing [24].
MATERIALS AND METHODS
Cell culture
Hepatocellular carcinoma cell lines HHCC, SMMC-7721 and
normal hepatocyte cell line QZG, were kindly provided by
professor Chen in 863 Project Group in Fourth Military Medical
University. The cells were cultured in RPMI 1640 medium (Gibco
BRL, USA), supplemented with 10 mL/L fetal bovine serum
(Gibco BRL, USA), incubated in a humidified atmosphere which
contains 950 mL/L air and 5 mL/L CO2 at 37 .
Scrape loading dye transfer (SLDT)
Functions of gap junctional intercellular communication (GJIC)
in adjacent cells were assessed by scrape loading dye transfer
(SLDT) with fluorescent dye Lucifer Yellow (LY, Sigma,
USA). The cultures were rinsed three times with serum free
RPMI 1640 medium, several scrapes were made on the
monolayer using a surgical scalpel, cells were exposed to 100
g/L LY in 0.33 mol/L LiCl, incubated for 3 min, and rinsed by
serum free RPMI 1640 medium for several times to remove
any background fluorescence. The GJIC function in adjacent
cells revealed by LY dye transfer could be detected under
fluorescent microscope (Nikon UFX-II, Japan).
Concentration of intracellular calcium ([Ca2+]i) measured by
laser scanning confocal microscopy (LSCM)
Digested by trypsin and collected, HHCC, SMMC-7721 and
QZG cells were loaded by 100 nmol/L special fluorescent dye
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indicator of calcium Fluo-3 AM (Sigma, USA) in serum free
RPMI-1640 medium, 37 for 90 min, rinsed by Ca2+ free DHank’s for three times. MRC-1024 laser scanning confocal
microscope imaging system (Bio-Rad, USA) was used to obtain
the images determining the location and intensity of
intracellular Ca2+ in various cell lines.
MRC-1024 laser scanning confocal microscope imaging
system consists of a laser scanning system intermediate optics
and a detector controlled by lasership software (Bio-Rad, USA).
Images were obtained by Zesis 100 microscope and images of
interest were saved to a 512×512 pixel, Zoom was 4.0. Besides
analysis of location of Ca 2+, quantities of intracellular
concentration [Ca2+]i were counted with formation below:
[Ca2+]i=kd×(F-Fmin)/(Fmax-F), kd=400 nmol/L.

Immunoblot analysis of phosphorylation on tyrosine
Western blot was performed to analyses the phosphorylation
on tyrosine. Cells were rinsed with cold 0.01 mol/L PBS
containing 5 mmol/L EDTA, 10 mmol/L NaF and 1 mmol/L
PMSF on ice for 20 min, harvested by scraping in the same
solution, and centrifuged at 13 000 r/min at 4
for 30 min.
Pellets were rinsed dissolved in 20 g/L SDS. Concentrations
of proteins were measured by the Bio-Rad DC protein assay
(Bio-Rad, USA).
20 ug protein of various cells in equal amounts of 2×SDS
denatured at 100
for 4 min. 100 g/L SDS-PAGE vertical
electrophoretically Min-PROTEAN II (Bio-Rad, USA) was
used at 80V for 30 min and 120V for 60 min. Mini Trans-Blot
transferred proteins form gel to NC membranes (Hybond, USA)
by transferring electrophoretically (Bio-Rad, USA) at 100V
for 2 h.
350 mA 4
Normal serum blocked NC membranes at room temperature
for 2 h. Cx32 and Cx43 protein bands were detected using a
mouse monoclonal anti-Cx32 antibody (1:2 000, Zymed,
USA), a mouse monoclonal anti-Cx43 antibody(1:2 000,
Zymed, USA). Phosphorylations on tyrosine were detected by
special anti- phosphorylation tyrosine mAb 4G10 (1:2 000,
CA, USA) at room temperature for 2 h. NC membranes were
washed by TBST for 10 min for several times, incubated with
a biotin-streptavidin alkaline phosphatase conjugated
secondary IgG (1:32, Johnson, USA) at room temperature for
2 h and washed by TBST for 10 min for several times again.
The enhanced chemilunimescence (ECL) detection kit
(Amersham, UK) was employed to detect immunoblot signal.
RESULTS
Gap junctional intercellular communication of various cells
After stained with special fluorescent dye Lucifer Yellow (LY),
function of gap junctional intercellular communication were
detected by scrape loading and dye transfer (SLDT). Molecular
weight of LY is below 1 000 u that can pass via gap junction
smoothly. Normal liver cell line QZG showed stronger intensity
and amount yellow fluorescent among neighboring cells,
whereas hepatocellular carcinoma cells HHCC and SMMC7721 showed much slight fluorescent staining limited among
adjacent cells.
Analysis of concentrations and location of intracellular Ca2+
([Ca2+]i) LSCM was used to determine intracellular Ca2+ in
cultured cells after being loaded with special indicator of Ca2+
Fluo-3 AM. The results showed that intensity of Ca2+ was much
higher with a very bright and higher peak signal of Ca2+ in
QZG cells. Intracellular concentration of Ca2+ in QZG cells
was 108.37 nmol/L. In HHCC and SMMC-7721 cells peak
signals of Ca2+ were lower. [Ca2+]i in HHCC cell decreased to
35.13 nmol/L, SMMC-7721 cells also had lower peak Ca2+ and
its [Ca2+]i decreased to 47.08 nmol/L as shown in Figure 1-3.

947

A

B
Figure 1 Special indicator Fluo-3 AM was loading at 37 for
90 min in hepatocarcinoma cell lines in order to examine localization and concentration of intracellular calcium in MRC-1024
laser scanning confocal microscope imaging system. (A). In
normal hepatocyte cell line QZG, stronger signal of calcium
with lower peak released. (B). Concentration of intracellular
calcium in HHCC was 108.37 nmol/L.

A

B
Figure 2 Special indicator Fluo-3 AM was loading at 37 for
90 min in hepatocarcinoma cell lines in order to examine local-
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ization and concentration of intracellular calcium in MRC-1024
laser scanning confocal microscope imaging system. (A). In
hepatocarcinoma cell line HHCC, slight signal of calcium with
lower peak was observed. (B). Concentration of intracellular
calcium in HHCC was 35.13 nmol/L.
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a
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B. a. QZG, b. HHCC, c. SMMC-7721
a

b

c

C. a. QZG, b. HHCC, c. SMMC-7721
a

b

c

A

D. a. QZG, b. HHCC, c. SMMC-7721

B
Figure 3 Special indicator Fluo-3 AM was loading at 37
for 90 min in hepatocarcinoma cell lines in order to examine
localizatio and concentration of intracellular calcium in
MRC-1024 laser scanning confocal microscope imaging
system. (A). Loading by Fluo-3 AM , dark signal of calcium
and lower peak was also absent in hepatocarcinoma cell line
SMMC-7721. (B). Concentration of intracellular calcium was
47.08 nmol/L.

Phosphorylation on tyrosine of Cx32, Cx43 proteins
The expressions of Cx32, Cx43 proteins were assessed using
western blot analysis with anti-Cx32 mAb, anti-Cx43 mAb.
We also verified the phosphorylation on tyrosine using western
blot analysis with anti-phosphorylated tyrosine mAb 4G10.
Western blot showed that major bands at 32 ku, 44 ku in a
blot is unphosphorylated tyrosine in QZG cells. It recognized
a band at 32 ku phosphorylated tyrosine Cx32 protein and
phosphorylated tyrosine Cx43 protein of 43 ku in SMMC-7721
cells. No evidence of phosphorylated tyrosine at 32 ku of Cx32
and 44 ku of Cx43 proteins were detected in HHCC cells.
These results conform that the mouse monoclonal antibody
selectively binds phosphorylated tyrosine Cx43 proteins was
corresponding decrease of concentrations of calcium and block
of gap junctional intercellular communication in same
hepatocellular carcinoma cell lines as shown in Figure 4A-D.
a

b

A. a. QZG, b. HHCC, c. SMMC-7721

c

Figure 4 Western blot analysis of phosphorylation on tyrosine
of Cx32, Cx43 proteins in various cells lines. Cells were harvested and lysed, equal amount of cell lystates were resolved of
SDS-PAGE, transferred to NC membranes, and then probed with
anti-phophorylation tyrosine mAb 4G10. (A). Expressions of
Cx32 proteins in cell lines with special anti-Cx32 mAb. Cx32
showed high immunoblot signal only in normal hepatocyte cell
line QZG with very slight signal in hepatocarcinoma cell lines
HHCC, SMMC-7721. (B). Expressions of Cx43 proteins in cell
lines with special anti-Cx43 mAb. Cx43 apperared in both QZG
and SMMC-7721 cells but no in HHCC. (C). Phosphorylation
on tyrosine of Cx43 with special anti-phosphrylation tyrosine
4G10, unphosphorylation appeared in QZG cells even they
showed high level expression of Cx32, Cx43. (D). Phosphorylated tyrosine of Cx43 protein was detected in SMMC-7721 cells.

DISCUSSION
Gap junctions are channels between neighboring cells, which
allow small molecules, and ions (mass molecules are below 1 000
u) to pass through directly. Normal hepatocytes express high
quantities of connexin32, connexin43 as the major gap junction
f o r m i n g p r o te i n s [ 2 0 , 2 7 ] . A s d e s c r i b ed p r e v i o u s l y ,
immunohistochemical analysis showed gap junctional proteins
Cx32, Cx43 frequently decreased in hepatocellular carcinoma
tissues and cell lines[28-31]. But by in situ hybridization (ISH),
cx32 mRNA ,cx43 mRNA in hepatocellular carcinoma tissues
and cell lines showed same strong positive rates and density
without significant difference[32,33]. The aberrant location of
Cx32 and Cx43 proteins might be responsible for
hepatocarcinogenesis[34], the mechanism might be defect of cx
genes in post-translational processing[35].
In various neoplasm, including hepatocellular carcinoma cells
often express less connexin, but the mechanisms are unknown.
It suggested that decrease of expression and lacking of function
of Cx32, Cx43 might keep close relationship with liver
hepatocarcinogenesis. Disruption of GJIC activity could
contribute to the multi-step, multi-mechanism process of
carcinogenesis [36]. Most tumors demonstrate a reduction
between either homologous and heterologous gap junctional
intercellular communication (GJIC). GJIC was assessed by
transfer of the fluorescent dye Lucifer Yellow (LY) after scrape
loading dye transfer (SLDT) in hepatocellular carcinoma cell
lines HHCC, SMMC-7721 and normal liver cell line QZG.
Molecular mass of LY is below 1 000 u, which can pass via gap
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junction smoothly[37]. Our results showed that QZG had high
ability of GJIC function than that in HHCC and SMMC-7721
cell lines, which were almost blocked.
Presumably down-regulation of GJIC activity would lead to
the removal of growth inhibitory signaling. It was hypothesized
that an initiated cell would be growth suppressed by being
coupled by gap junctions to surrounding normal cells.
Disturbance of GJIC facilitate cells to escape from intercellular
signals involved regulations on proliferation, differentiation
and apoptosis . Many factors, tumor-promoting chemicals[38]
and oncogenes influence signal transduction in the initiated
and surrounding normal cells, which would cause the downregulation of GJIC. Many kinds of tumor promoting agents have
been shown to decrease expressions of gap junction proteins or
block GJIC associated with hepatocarcinogenesis[39]. H-ras, vmyc also cooperate malignancy [40]. Connexin genes might
belong to the group of tumor suppressor genes.
Our results suggested that multiple mechanisms likely
contributed to block of GJIC, including decrease of expressions
of gap junction proteins and abnormal pathway of signal
transduction including deceased level of intracellular Ca2+,
phosphorylation on tyrosine and other potential mechanisms.
In different tissues molecules smaller than approximately 1 000
u may pass through gap junctions which implies that the most
common second messengers cAMP, inositol-1,4,5trisphosphate (IP ) and intracellular free calcium ions Ca2+ can
be transferred. The3 mechanisms of intracellular calcium signaling
are currently being investigated. Mechanisms during
hepatocarcinogenesis are related to multiple pathophysiological
processes including decreased in intracellular Ca2+. Calcium
signals might be an important mechanism for controlling and
synchronizing physiology. With intact gap junctional coupling,
calcium in connected hepatocytes can communicate directly
through gap junctions.
Whereas, gap junctional permeability and conductance
affected by the calcium concentrations spikes in hepatocytes,
a reduction of junctional conductance by calcium
concentrations has been observed in hepatoma cells[42,43]. In
our study, after special indicator of calcium Fluo-3AM loading,
LSCM was used to measure concentrations of intracellular
calcium [Ca2+]i in hepatocellular carcinoma cell lines HHCC,
SMMC-7721 and normal liver cell line QZG. Concentrations of
intracellular calcium [Ca2+]i was much higher in QZG (108.37
nmol/L) cell line than that in HHCC (35.13 nmol/L) and SMMC7721(47.08 nmol/L) cell lines. QZG cells showed much higher
calcium peaks than HHCC,SMMC-7721 cells which was
associated with disruption of GJIC in these cell lines. Decreased
level of intracellular Ca 2+ contributed to conduction
abnormalities of GJIC which immediate loss of calcium fluxes
and influence the calcium dynamics in hepatocellular carcinoma
cell lines.
Gap junctions are modulated by a multi-step molecular
components and signaling pathway. Our observations also
suggested that disruption of GJIC in hepatoma cells was
associated with multiple distinct steps such as phosphorylation
on tyrosine of Cx32,Cx43 proteins [43] . Cx contains
phosphorylations sites for several protein kinases including
protein kinase C (PKC) and mitogen-activated protein kinase
(MAPK) which are involved in Cx phophorylation leading to
the closure of GJIC[44,45]. Disruption of GJIC requires Cx43
phosphorylation and interaction with other cellular factors.
Phosphorylation of Cx proteins has been postulated to be a critical
regulatory element for gap junctional communication[46]. In our
study, western blot suggested that only QZG cells had
unphosphorylated tyrosine in Cx32 protein at 32ku and Cx43
protein at 43ku; SMMC-7721 cells had phosphorylated tyrosine
Cx43 proteins. Change in the amount and distribution of
phosphorylated and nonphosphorylated isoforms of Cx32 and
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Cx43 were measured by immunoblot using isoform-secific
antibodies anti-Cx32 mAb, anti-Cx43 mAb. Dramatic decreases
in gap junctinal communication and loss of phosphorylation
on tyrosine[47]. It indicated post-translation phosphorylation
on tyrosine of Cx proteins, which associated with a dramatic
disruption of GJIC[48]. Functional recovery was associated with
increased levels of unphosphorylated Cx43.
As above all, disruption of GJIC in hepatocellular carcinoma
cells could also be achieved by multi-mechanisms. We could
make conclusions that the establishment and permanent of
functional gap junctions were regulated by transcriptions as
well as post-translational controls including reduce of
concentrations of intracellular calcium and phosphorylation
on tyrosine of connexin proteins even the biological
co nseq uences o f sp ecif ic chang es in Cx p ro tein s
phosphorylation are not understood in detail. The decrease of
Cx proteins or the disorder of signal transduction of cx genes
might keep close relationships with hepatocellular carcinoma.
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Abstract
AIM: To explore the anti-tumor immunity against CT26 colon
tumor of the microencapsulated cells modified with murine
interleukine-12 (mIL-12) gene.
METHODS: Mouse fibroblasts (NIH3T3) were stably
transfected to express mIL-12 using expression plasmids
carrying mIL-12 gene (p35 and p40), and NIH3T3-mIL-12
cells were encapsulated in alginate microcapsules for longterm delivery of mIL-12. mIL-12 released from the
microencapsulated NIH3T3-mIL-12 cells was confirmed using
ELISA assay. Transplantation of the microencapsulated
NIH3T3-mIL-12 cells was performed in the tumor-bearing
mice with CT26 cells. The anti-tumor responses and the
anti-tumor activities of the microencapsulated NIH3T3-mIL12 cells were evaluated.
RESULTS: Microencapsulated NIH3T3-mIL-12 cells could
release mIL-12 continuously and stably for a long time. After
the microencapsulated NIH3T3-mIL-12 cells were
transplanted subcutaneously into the tumor-bearing mice
for 21 d, the serum concentrations of mIL-12, mIL-2 and
mIFN-γ, the cytotoxicity of the CTL from the splenocytes
and the NK activity in the treatment group were significantly
higher than those in the controls. Moreover, mIL-12 released
from the microencapsulated NIH3T3-mIL-12 cells resulted
in a significant inhibition of tumor proliferation and a
prolonged survival of tumor-bearing mice.
CONCLUSION: The microencapsulated NIH3T3-mIL-12
cells have a significant therapeutic effect on the experimental
colon tumor by activating anti-tumor immune responses in
vivo. Microencapsulated and genetically engineered cells may
be an extremely versatile tool for tumor gene therapy.
Zheng S, Xiao ZX, Pan YL, Han MY, Dong Q. Continuous release of
interleukin 12 from microencapsulated engineered cells for colon
cancer therapy. World J Gastroenterol 2003; 9(5): 951-955
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INTRODUCTION
Alginate microcapsules have been used extensively for
different applications, particularly for the encapsulation of
pancreatic islet cells and insulin delivery[1]. This method has

also been used for the encapsulation of cells that release growth
hormone, β-endorphin, endostatin and other agents for gene
therapy[2-5]. The alginate membranes allow the free exchange
of nutrients and oxygen between the implanted cells, and could
prevent the escape and elimination of encapsulated cells. More
important, this approach provides a prolonged sustained
delivery of recombinant protein produced by the cells, thus
maintaining high levels of the agent.
In recent years, interleukine-12 (IL-12) has received
considerable interest in cancer biologic therapy. In vivo IL-12
was found to have a potent antitumor efficacy in a variety of
murine tumor models[6,7]. Local or systemic treatment with
recombinant IL-12 protein (rIL-12) was shown to inhibit the
growth of established subcutaneous tumor and tumor
metastasis[8-10]. However, systemic administration of rIL-12
caused severe dose-dependent toxicity and led to an
interruption of the first human trial[11]. In contrast, the local
transfer of cytokine genes as a means for gene therapy could
circumvent such systemic toxicity and provide effective and
persistent local cytokine levels for immune cells activation[12-15].
Some studies using an ex vivo IL-12 gene therapy yielded
encouraging results, showing that murine fibroblasts or tumor
cells transduced in vitro with IL-12 cDNA, using a retroviral
vector, were able to induce antitumor immune responses in
the absence of apparent toxicities[16]. This strategy, however,
has many obstacles precluding successful clinical application:
e.g. autologous somatic cells or tumor cells are difficult to
culture and transfect, and selection for transfected cells requires
prolonged culture and the attendant costs of these process are
expensive. To avoid these potential disadvantages, an
alternative approach to obtain prolonged local cytokine
secretion is adopted to use microencapsulated engineered cells
to secrete IL-12.
In the present study, NIH3T3 cells engineered to
continuously secrete high levels of mIL-12 were encapsulated
with alginate. The ability of this system to secrete biologically
active mIL-12 capable of inhibiting the tumor growth of a
murine colon carcinoma xenograft in the mouse was investigated.

MATERIALS AND METHODS
Mice and cell lines
Male BALB/C mice aged between 6 and 8 weeks were
purchased from Joint Ventures Sipper BK Experimental
Animal Company (Shanghai, China) and housed in a specific
pathogen-free condition for all experiments. Mouse fibroblasts
(NIH3T3) and the murine colon adenocarcinoma cell line
(CT26) were donated by the Institute of Immunology, Zhejiang
University (Hangzhou, China). Cells were cultured in RPMI1640 medium (GIBCO-BRL, Gaithersburg, MD, USA)
supplemented with 10 % heat-inactivated fetal calf serum (FCS;
HyClon, Logan, UT, USA), 2 mM glutamine, penicillin 100
U/ml, and streptomycin 100 µg/ml.
Expression plasmids and transfection of NIH3T3 cells
Murine p35 and p40 subunits of mIL-12 were subcloned into
pcDNA3.1 plasmids containing a cytomegalovirus (CMV)
immediate-early enhancer promoter and a G418 selected gene.
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NIH3T3 cells were stably transfected with these expression
plasmids using LF2000TM (Ivitrogen, Life Technologies, USA).
To obtain stably transfected clones (NIH3T3-mIL-12),
transfected cells were grown in G418 containing medium (400
g/L, Ivitrogen, Life Technologies, USA) for 14 days, and
resistant clones were propagated separately. With subsequent
determination of mIL-12 expression by ELISA kit (R&D
systems, Inc., USA).

Microencapsulation of NIH3T3-mIL-12
NIH3T3-mIL-12 cells were encapsulated within microspheres
composed of Ba2+-alginate. Briefly, cells were resuspended in
sodium alginate-saline (1.5 % wt/vol, purified by Syringe
Driven Filter Unit) (Sigma, St Louis, MO, USA) to a final
ratio of 0.5×109 cells/L of alginate. The suspension was sprayed
through an air jet-head droplet-forming apparatus, into a
solution of 4.9 % Barium chloride (pH 7.4, Sigma), where
they were allowed to gel for 10 min, washed three times with
PBS, then cultured in the conditioned medium described above.
The number of cells encapsulated and the viability of the cells
in the microcapsules were evaluated weekly using a modified
MTT assay.
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or culture medium, respectively, served as controls to estimate
the LDH background. The plates were incubated for 4 hrs in a
humidified 50 ml·L-1 CO2 atmosphere at 37 . After incubation,
they were centrifuged for 10 min. Then 100 µl of the supernatant
from each well was transferred to the corresponding well of
enzymatic assay plate. Fifty µl reconstituted substrate mix
(containing lactate and NAD+) was added to each well. The
plate was covered and incubated at room temperature (protected
from light). Thirty minutes later, 50 µl stop solution was added
to each well. The reaction was measured in an ELISA reader at
a wavelength of 490 nm. Calculations were carried out according
to the following formula: percent specific lysis=100×(mean
experimental cpm - mean spontaneous cpm)/(mean maximum
cpm - mean spontaneous cpm).

Determination of serum cytokine production
Blood samples were collected from the mice 21 days after tumor
inoculation. Stored serum were separated from the whole blood
and frozen at -70
until analyzed for cytokine production.
mIL-2, mIL-12, mIL-4, mIL-10 and mIFN-γ were measured
using a standard sandwich ELISA technique with corresponding
kits purchased from Endogen (Woburn, MA, USA).

In vitro release of mIL-12 from encapsulated NIH3T3-mIL-12 cells
Microencapsulated NIH3T3-mIL-12 cells were suspended in
the conditioned medium described above at a density of 2×105
cells/well. The medium was collected every 2 hrs. and assayed
for mIL-12 using ELISA assay (Endogen, Woburn, MA, USA).
Medium from NIH3T3-mIL-12 monolayer cells was used as a
positive control.

Statistical analysis
Data were expressed as mean ±SD. Statistical analysis was
performed using the t test and log-rank test (for survival
analysis). The difference was considered statistically
significant when the P value was less than 0.05. The SPSS
software package version 10.0 was used for statistical
calculation.

Murine studies
The BALB/C mice were inoculated subcutaneously in the
right-behind armpit with CT26 cells (2×10 5 tumor cells/
injection). Mice were randomly divided into four groups of
twenty each. Group 1 received a single subcutaneous injection
of microcapsules containing NIH3T3-mIL-12 cells within 0.5
cm apart from the area where CT26 cells were inoculated (1×105
encapsulated cells/animal); Group 2 RPMI-1640 (control),
Group 3 microcapsules containing NIH3T3 (1×105 cells), and
Group 4 RPMI injected at the same region of mice. The length
and width of the tumor mass were measured with calibers
every other day after tumor inoculation. Tumor size was
expressed as 1/2 (length + width). Twenty-one days after
tumor inoculation, ten mice taken randomly from each group
were sacrificed, and spleen was resected, and blood was
collected from the mice eyeballs. The rest ten mice in each
group were observed for their survival period until 60 days
after injection.

RESULTS
In vitro expression and release of mIL-12 from encapsulated cells
NIH3T3 cells were transfected with a mIL-12 expression vector
and clonal populations of stably transfected NIH3T3 cells were
obtained (NIH3T3-mIL-12). The microcapsules have an
average diameter of 0.45 mm±0.05 mm (Figure 1). Both
encapsulated and nonencapsulated NIH3T3-mIL-12 cells were
cultured in vitro, and the conditioned medium was collected
every week for six weeks. The encapsulated cells were viable
in culture as determined by MTT assay. ELISA method was
used to determine mIL-12 in the medium collected at all time
points. The average concentration of mIL-12 secreted by 2×105
cultured encapsulated NIH3T3-mIL-12 cells or nonencapsulated
NIH3T3-mIL-12 cells were 5.12 µg·L-1 and 5.45 µg·L-1 for every
24hrs, and the optimal expression up to 46.8 and 48.2 ng of
mIL-12 per 24 hrs per 105 cells, respectively. These results
indicate that mIL-12 protein could release freely from the
microencapsulated NIH3T3-mIL-12 cells.

Cytotoxic assay of CTL and NK cells
Spleen cells derived from each group of experimental mice
were unstimulated or were stimulated with irradiated CT26
cells (1×105) for 7 days in vitro and processed for the NK or
cytotoxic T lymphocyte (CTL) assay, respectively. The NK
activity and CTL activity were determined by lactate
dehydrogenase (LDH) release assay with Non-Radioactive
Cytotoxicity Assay kit (Promega, Madison, WI, USA). The
target cells (YAC-1 cells for the NK assay, and CT26 cells for
the CTL assay) were washed three times with RPMI 1640
medium containing 50 ml·L-1 FCS to remove adherent LDH
derived from lysed cells. The cell suspension was diluted with
RPMI 1640 medium containing 50 ml·L-1 FCS to give a final
concentration of 1×108 cells/L; and 100 µl target cell suspension
and 100 µl different ratios of effector cells were pipetted
together into the wells of a round-bottomed microtiter plate.
Suspensions containing exclusively effector cells, target cells,

100 µm

Figure 1 NIH3T3-mIL-12 cells-loaded microcapsules (average
capsule diameter 450 µm).
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the studies are shown in Figure 4.
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The splenocytes collected from various groups were
restimulated in vitro with inactivated CT26 tumor cells for
CTL induction. As shown in Figure 3, the mice treated with
NIH3T3-mIL-12 cells capsule exhibited a CT26 colon
carcinoma-specific CTL response that was higher than that of
mice treated with NIH3T3-mIL-12 cells, NIH3T3 cells capsule
or RPMI-1640 (P<0.01). It suggested that CTL activity against
tumor was induced significantly by the local delivery of IL-12
with NIH3T3-mIL-12 cells capsule.
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Figure 3 CTL activity against CT26 induced by various
treatment. x±s, n=10, bP<0.01 for the group treated with NIH3T3mIL-12 cells capsule versus other three counterpart groups,
respectively.

Serum cytokine production
Twenty-one days after the microencapsulated NIH3T3-mIL12 cells were injected into the tumor-bearing mice, blood was
collected for analysis of serum mIL-12, mIL-2, mIFN-γ and
mIL-4, mIL-10. The serum average concentrations of mIL12 , m IL- 2 an d m IFN-γ in the gr oup tr eated with
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Figure 5 Inhibition of tumor growth by microencapsulated
NIH3T3-mIL-12. Two days after tumor inoculation, mice were
injected sc with NIH3T3-mIL-12 cells capsule ( ), NIH3T3mIL-12 cells ( ), NIH3T3 cells capsule ( ) or RPMI-1640 ( ).
x±s, n=20, aP<0.05 for the group treated with NIH3T3-mIL-12
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Figure 4 Cytokines levels in serum after various treatment in
the tumor-bearing model. x± s, n=10, bP<0.01 for the group
treated with NIH3T3-mIL-12 cells capsule versus other three
counterpart groups, respectively.
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Increased NK activity after delivery of microencapsulated
NIH3T3-mIL-12 cells
Twenty-one days after treatment of tumor-bearing mice with
various injections, the splenocytes were used in cytolytic assay
against YAC-1 cells at effector:target (E:T) ratios at 20:1,
40:1, 80:1. As shown in Figure 2, NK activity in mice treated
with NIH3T3-mIL-12 cells capsule increased significantly
when compared with the mice treated with NIH3T3-mIL-12
cells, NIH3T3 cells capsule or RPMI-1640 (P<0.01). These data
suggested that nonspecific immunity was enhanced
significantly by the local delivery of IL-12 with NIH3T3-mIL12 cells capsule.
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monitored for at least 60 d. aP<0.05, compared with other three
counterpart groups, respectively.
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Effects of encapsulated NIH3T3-mIL-12 cells on subcutaneous
tumor xenografts
The subcutaneous tumor size was calculated as follows: tumor
size = (maximum diameter + vertical diameter)/2. The growth
of tumor xenografts was significantly inhibited by a single dose
of microcapsules containing NIH3T3-mIL-12 cells when
compared with both control groups (P<0.05) (Figure 5).
Survival time after delivery of microencapsulated NIH3T3-mIL12 cells in the tumor-bearing model
When treated mice were observed up to 60 days after
implantation of CT26 tumor, the mice survival time of the
group treated with microencapsulated NIH3T3-mIL-12 cells
was longer than other counterpart control groups (P<0.05)
(Figure 6).
DISCUSSION
Encapsulation of living cells in a protective, biocompatible,
and semipermeable polymeric membrane has been proven
to be an effective method for immunoprotection of desired
cells, regardless of the type recipient involved (allograft,
xenograft)[17]. Alginate microcapsules have been applied for
various purposes, and the molecular cutoff of alginate
microcapsule membrane was 75 kDa[18], so the IL-12 protein
(a molecular weight of 70 kDa) could pass through the
membrane. In the present study, we observed that mIL-12
protein could release freely from the microencapsulated
NIH3T3-mIL-1 2 cells. Twenty-one days after the
microencapsulated NIH3T3-mIL-12 cells were transplanted
subcutaneously into the tumor-bearing mice, both the NK and
CTL activities were significantly enhanced, and the mice serum
average concentrations of mIL-12, mIL-2 and mIFN-γ were
upregulated, but the mIL-4 and mIL-10 were downregulated
in the treated group as compared with those of other control
groups. In tumor bearing mice, Th1 cytokine production (IL2, IFN-γ) is suppressed and Th2 cytokine production (IL-4, IL10) was increased, as compared with those of normal mice. The
administration of microencapsulated NIH3T3-mIL-12 cells to
tumor bearing mice transferred the balance of Th1/Th2 cell
responses from Th2 dominant state to the Th1 dominant state.
These findings are consistent with the results of previous
studies showing that production of IFN-γ, NK cell activation,
CTL differentiation, and Th1 differentiation were the main
mechanisms of antitumor activity of IL-12[19].
The present study developed an alternative approach for
local long-term delivery of mIL-12 by a single administration
of alginate microcapsules containing cells secreting mIL-12.
Using this system, the microencapsulated engineered cells
could supply the appropriate doses of effective mIL-12 protein
in a paracrine fashion to induce potent anti-tumor immune
response and constituted an efficacious therapy in mouse colon
models. This system differs from other cytokine gene therapy
models, which utilize engineered autologous somatic cells[20,21],
tumor cells [22-24] or intratumoral injection of adenovirus
expressing cytokine [25,26]. Considering the difficulties of
prolonged culture and transduction of human autologous
somatic cells or primary tumor cells for each patient, and in
contrast, the ready availability of microencapsulated cells, the
use of microencapsulated engineered cells for prolonged
cytokine administration is an attractive alternate method for
clinical application of gene therapy. With respect to the finding
that local secretion of IL-12 at the site of tumor might induce
an immune response against poorly immunogenic tumor
without severe toxicities that were often observed with systemic
administration, this system has significant advantages for
initiating studies of the prolonged delivery effect of IL-12 with
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microencapsulated engineered cells on tumor growth.
The transplantation of the microencapsulated NIH3T3-mIL12 cells could lead to prolonged, homogeneous expression of
mIL-12 and continuous stimulation of TILs, with tumor-specific
immunity ultimately being established. Such immunity is
advantageous because it could result in continued destruction
of tumor cells even after expression of mIL-12 had declined[27].
Moreover, no side effects of IL-12 were noticed in treated mice,
which is in contrast to the results of trials using recombinant
IL-12 protein, where severe toxicity (e.g. fur ruffling or
lethargy) was often observed with systemic administration. This
is probably because mIL-12 mainly restricted to the vicinity
of tumors, a prolonged appropriate blood concentration of
cytokines could stimulate an antitumor immune response
without causing excessive systemic inflammatory and
immunoreaction[28]. Thus this approach should be a bettertolerated and safer strategy than systemic administration of
recombinant IL-12 protein. In this study, by treatment of a
single dose of microcapsules containing NIH3T3-mIL-12 cells,
the growth of tumor xenografts was significantly inhibited and
the mice survival time was significantly prolonged. This result
also showed that the approach for local and sustained release
of interleukin 12 could induces both innate and adaptive
antitumor immune responses resulting in significant growth
suppression and metastases of tumor[29-31].
It should also be emphasized that controlling the amount
of encapsulated cells makes an appropriate concentration of
IL-12 obtainable. Preliminary in vitro test for IL-12 expression
revealed that the microencapsulated NIH3T3-mIL-12 cells
secreted up to 468 ng of mIL-12 per 24hrs per 106 cells. This
result indicates that using an optimized amount of encapsulated
cells may lead to more powerful antitumor effects and less
side effects. Furthermore, using this approach, the antitumor
effects of IL-12 may be augmented by combination with other
therapeutic genes (e.g., genes encoding other cytokines and
apoptotic genes), which is probably necessary in destruction
and prevention of recurrence of not only primary tumors, but
also metastases[32].
Colorectal carcinomas are generally not very sensitive to
the established chemotherapeutic agents and most patients with
colorectal carcinoma will die from distant metastases that are
not detectable at the initiation of treatment, the alternative
antitumor therapy approaches, such as biotherapy, are necessary
for the patients suffering from colorectal cancer[33-35]. This study
show that microencapsulated engineered cells could supply
appropriate doses of effective mIL-12 protein locally to induce
potent anti-tumor immune response and constitute an
efficacious therapy in mouse colon models. Investigation of
optimal combinations of genes used with encapsulated cells
has the potential to contribute to a successful anticancer gene
therapy for colon cancer.
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Abstract
AIM: To determine the association of hOGG1 (8-oxoguanine
glycosylase I, OGG1) polymorphism of Ser326Cys
substitution with colon cancer risk and possible interaction
with known environmental risk factors.
METHODS: A case-control study with 125 colon cancer
cases and 247 controls was conducted.
RESULTS: There was no major difference in Ser326Cys
genotype distribution between cases and controls. The meat
intake tended to increase the odds ratio for colon cancer with
an OR of 1.72 (95 % confidence interval; CI=1.12-2.76).
Such tendency was more prominent in Cys/Cys carriers
(OR=4.31, 95 % CI=1.64-11.48), but meat intake was not
a significant risk factor for colon cancer in Ser/Ser or Ser/
Cys carriers. The OR for colon cancer was elevated with
marginal significance in smokers who were Cys/Cys carriers
(OR=2.75, 95 % CI=1.07-7.53) but not in Ser/Ser or Ser/
Cys carriers.
CONCLUSION: These results suggest that the hOGG1
Ser326Cys polymorphism is probably not a major contributor
to individual colon cancer susceptibility overall, but the Cys/
Cys genotype may alter the impact of some environmental
factors on colon cancer development.
Kim JI, Park YJ, Kim KH, Kim JI, Song BJ, Lee MS, Kim CN,
Chang SH. hOGG1 Ser326Cys polymorphism modifies the
significance of the environmental risk factor for colon cancer.
World J Gastroenterol 2003; 9(5): 956-960
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INTRODUCTION
Reactive oxygen species are formed continuously in living cells
through both endogenous and exogenous processes. The
reaction of reactive oxygen species results in various forms of
both cellular and DNA damage[1]. Oxidative damage to DNA
is thought to cause mutations, which in turn can activate
oncogenes or inactivate tumor suppressor genes and may
finally lead to carcinogenesis[2-4]. 7,8-Dihydro-8-oxoguanine

(8oxoG) is one of the most important lesions produced in DNA
by oxygen radical forming agents. Due to its mispairing with
deoxyadenosine, it causes mutagenic transversion of G:C to
T:A in vitro and in vivo[5,6]. The hOGG1 gene encodes a DNA
glycosylase/AP-lyase that catalyzes the removal of 8oxoG
adducts as part of the base excision repair pathway. The
hOGG1 gene is expressed as multiple alternatively-spliced
isoforms with only the 1α-form containing a nuclear
localization signal [7,8]. Previous studies have revealed the
presence of several polymorphisms at the hOGG1 locus. A C/
G polymorphism at position of 1245 in the 1a-specific exon 7 of
the hOGG1 gene results in an amino acid substitution from
serine to cysteine in codon 326[9]. Although no difference in
catalytic activity was observed between Ser326 and Cys326
variants in some studies[10,11], the hOGG1 protein encoded by
the Ser326 allele exhibited substantially higher activities than
the Cys326 variants in an in vitro Escherichia coli
complementation activities assay[9].
Several studies have suggested that Cys326 type allele is
associated with increased risk for lung[12], esophageal[13] and a
subset of stomach cancer[14]. The possible causal relationship
between oxygen free radicals and cancer development has been
reported mainly in organs under a high burden of oxygen free
radicals, including the lung and oro-laryngeal cancer associated
with smoking history. Among the smokers, the Cys/Cys carriers
who are supposed to have decreased capability in coping with
the oxidative DNA damage tended to be more susceptible to
lung cancer than the Ser/Ser or Ser/Cys carriers. The colon
may be continuously exposed to the attack of oxygen free
radicals. The relatively high concentrations of iron in feces,
together with the ability of bile pigments to act as iron chelators
that support Fenton chemistry, may very well permit efficient
hydroxyl radical (-OH) generation from superoxide and
hydrogen peroxide produced by bacterial metabolism[15]. The
abundant free radical generation in colon supports the free
radical related colon carcinogenesis.
We previously demonstrated that the impact of genetic
defect on carcinogenesis is modulated by an environmental
risk factor in hereditary nonpolyposis colorectal cancer
patients[16]. In addition, we tried to delineate the relationship
between hOGG1 enzyme activity and the allele type harbored
in Ser326Cys polymorphism in vivo[17]. However, any clear
conclusion was not made despite of possible relevance. The
available information makes it plausible to hypothesize that
the Ser326Cys polymorphism may alter colon cancer risk,
particularly in association with the environmental risk factors.
We will conduct a case control study to examine the
hypothesis.

MATERIALS AND METHODS
Study populations and sample processing
Case subjects consisted of 125 patients operated with primary
colorectal cancer. All the patients agreed to participate in this
study and consented. Community-based controls consisted of
subjects who were visited the health-screening center of IlsanPaik hospital. At this center, screenings of common cancers as
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well as evaluation on the general status of health were
performed. All control subjects were recruited after an initial
verbal screening to determine whether they had no previous
diagnosis of cancer, and none of the controls recruited into
this study were diagnosed with any form of cancer after
screening. The eligible pool of control subjects was restricted
to those individuals of the same age (±5 years) and sex as case
subjects. The controls pair-matched into a 2 to 1 ratio in terms
of those cases studied. Ninety-five percent of the control
subjects (n=247) consented. A trained interviewer conducted
in-person interviews. Information was collected on life-long
smoking, alcohol consumption, diet habits, physical activity
and family history of colorectal cancer.

1

RESULTS
The mean age of the case and control groups were 57.2 and
56.1 years, respectively, and the case and control groups
consisted of 36.5 % and 37.2 % females, respectively. There
were no significant statistical differences in age and gender
between the case and control groups.
Three banding patterns were observed depending on the
genotypes; a single 251 bp band corresponding to the Ser326/
Ser326 genotype, a 251, 153 and 98 bp bands that corresponded
to the Ser326/Cys326 genotype, and 153 and 98 bp bands
corresponding to the 326Cys/Cys326 genotype (Figure 1A).
The specificity of the amplification products was verified by
sequencing (Figure 1B).

3

4

5

A

Genotypic assays
The genotypes of hOGG1 alleles were determined by a
polymerase chain reaction - restriction endonuclease length
polymorphism (PCR-RELP) analysis. Briefly, a 251 bp
fragment was amplified by PCR in a 25 µL reaction volume
that contained 50 ng of genomic DNA, 10 mmol/L Tris-HCl,
50 mmol/L KCl, 1 mmol/L MgCl 2, 0.2 mmol/L of each
dNTP, 10 pmol of the hOGG1 sense (hOGG1F; 5’AGTGGATTCTCATTGCCTTCG-3’, corresponding to
nucleotide 8 919 through 8 939 of hOGG1 intron 6 DNA
sequences; Genbank accession #HSA131341) and antisense
( h OGG1R; 5 ’ - GGTGCTTGGGGAATTTCTTT- 3 ’ ,
corresponding to nucleotide 9 150 through 9 169 of hOGG1
exon 7 sequences) primers and 2 units of Taq DNA polymerase.
Cycling conditions were as follows: initial denaturation at
94
for 5 min following 30 cycles of denaturation at 94
for 30 sec, annealing at 57
for 30 and elongation at 72
for 40. Ten µL of each PCR sample was digested with 2 units
for 12 h and
of Fsp4HI (Bioneer, Taejeon, Korea) at 37
resolved on 30 g/L agarose gels to detect differences in RFLP
patterns.
Statistical analysis
The association between the hOGG1 polymorphism and
colorectal cancer risk was estimated by the odds ratio (OR),
using the unconditional logistic regression model. We
calculated not only crude ORs, but also values adjusted for
age, sex, drinking habits, smoking and diet habits to control
the effect of potential confounding environmental factors.
Because the Ser/Ser genotype was thought to have the highest
effective enzymatic activity, we used this genotype as reference
for colorectal cancer risk. Thus, the ORs for the Ser/Cys and
Cys/Cys types relative to the Ser/Ser were calculated. The ORs
for the Cys/Cys type versus other types combined were also
calculated because only the Cys/Cys type could potentially
influence the individual repair activity. Statistical differences
of the categorical comparison and the probability of the HardyWeinberg equilibrium were tested using χ2 test.

2

Lane 1, 5
Ser/Ser type

Lane 2
Ser/Cys type

Lane 3, 4
Cys/Cys type

B

Figure 1 A: The representative PCR-RFLP analysis of hOGG1
Ser326Cys polymorphism. Lane 1, 5, undigested PCR-amplified product observed in homozygous Ser326 carriers; Lane 2,
Fsp4HI-digested PCR product from subject with heterozygous
hOGG1 genotype; Lane 3, 4, Fsp4HI-digested PCR product
from subject with homozygous Cys326 genotype. B: DNA sequence histogram revealing the indicated sequence changes
(underlined). In the 2nd histogram, both the cytosine (blue line)
and guanine (black line) are observed in the codon 326 site
(marked as N), indicating the heterozygous genotype.

The allelic frequency was not significantly different between
cases and controls, slightly more homozygous Cys326 alleles
were found in the case group than that in the controls (Table
1). The prevalence of the hOGG1 Ser/Cys polymorphism
followed theHardy-Weinberg equilibrium.
Table 1 Odds ratios for colon cancer according to the genotypes of hOGG1 Ser326Cys polymorphism
Number (%)
Controls
Ser / Ser
Ser / Cys
Cys / Cys
Total

Cases

52 (21.1)
24 (19.2)
131 (53.0) 66 (52.8)
64 (25.9) 35 (28.0)
247 (100) 125 (100)

OR (95% CI)
1.00
1.09 (0.60-2.00)
1.18 (0.60-2.35)

P for trend

P=0.871
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To examine the relationship between the hOGG1 genotype
and colon can cer risk in the presence of selected
environmental risk factors, study subjects were stratified by
hOGG1 genotype and several known colon cancer risk
factors. Table 2 represented the frequency distribution of the
hOGG1 genotype stratified with the risk factors and ORs with
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a 95 % confidence interval (95 % CI) for colon cancer cases
compared with controls. None of the risk factors analyzed in
the present study significantly elevated the ORs for colon
cancer in the total number of subjects studied. Only frequent
meat intake increased the OR with marginal statistical
significance.

Table 2 ORs for colon cancer according to individual habits and familial history of colon cancer with reference to the hOGG1
Ser326Cys polymorphism
Total
Ca/Co

Smoking
No
44/106
Yes
81/141
Drinking
< 2 times/wk
73/161
> 2 times/wk
52/86
Meat
< 2 time/week
66/159
> 2 time/week
59/88
Vegetable intake
Low
50/89
High
75/158
Soybean product
< 3/wk
55/115
> 3/wk
70/132
Activity
< 4 hs/wk
61/104
> 4hs/wk
64/143
Familial history of colon cancer
No
84/185
Yes
41/62

OR

hOGG1 Ser326Cys polymorphism
95% CI

Ser/Ser + ser/Cys

Cys/Cys

Ca/Co

OR

95%CI

Ca/Co

OR

95%CI

1.00
1.53

0.94-2.52

35/75
55/108

1.00
1.08

0.62-1.84

9/31
26/33

1.00
2.75

1.07-7.53

1.00
1.37

0.87-2.32

53/122
37/61

1.00
1.49

0.87-2.77

20/39
15/25

1.00
1.21

0.49-3.02

1.00
1.72

1.12-2.76

52/112
38/71

1.27

0.73-2.13

14/47
21/17

1.00
4.31

1.64-11.48

1.00
0.80

0.49-1.31

36/70
54/113

1.00
0.90

0.46-1.67

14/19
21/45

1.00
1.55

0.50-4.19

1.00
1.11

0.70-1.75

37/87
53/96

1.00
1.30

0.76-2.23

18/28
17/36

1.00
0.73

0.30-1.82

1.00
0.76

0.48-1.20

43/75
47/108

0.76

0.44-1.30

18/29
17/35

1.00
0.78

0.32-1.94

1.00
1.46

0.80-2.40

62/138
28/45

1.38

0.76-2.51

22/47
13/17

1.00
1.63

0.62-4.32

Denotes: Ca/Co=Cases/Controls.

In the subgroup analysis with reference to the Ser326Cys
polymorphism, the smoking habit did not increase the ORs
for colon cancer in Ser/Ser or Ser/Cys carriers. In contrast, a
near-significant increase in risk was observed for smokers with
the Cys/Cys genotype (OR=2.75, 95 %CI=1.07-7.53). Meat
intake was associated with increased colon cancer incidence
with borderline significance among the total number of subjects
(OR=1.72, 95 % CI=1.12-2.76). The OR for colon cancer with
frequent meat intake was further increased in the Cys/Cys
subgroup (OR=4.31, 95 % CI=1.64-11.48), while the OR was
not increased in Ser/Ser or Ser/Cys carriers. Except for the
meat intake factor, the intake of selected foods including
alcohol, vegetable and soybean products did not alter the ORs
for colon cancer neither in the entire group of subjects studied
nor in the Cys/Cys subgroup. No significant alteration in the
OR for colon cancer according to the extent of physical activity
was observed in either genotype carriers.
Because the presence of colon cancer in relatives,
particularly in 1st or 2nd degree relatives, has been known to be
associated with colon cancer risk and because the genetic
polymorphism could be one of the possible causes, changing
patterns of OR for colon cancer according to the hOGG1
Ser326Cys polymorphism when there was at least one colon
cancer patient within a family were investigated. Although the
risk was increased with the presence of colon cancer within a
family among the total number of subjects studied, there was
no apparent increase in the OR among subjects with Cys/Cys
genotype.

DISCUSSION
It is theoretically possible that the incidence of cancer differs
depending on the genotypes of hOGG1 Ser326Cys
polymorphism. This view is supported by the difference in
DNA repairing capability depending on the allele type[9] and
increase of the incidence of cancer in certain organs in Cys326
allele carriers[12,13,18].
Colon is the most susceptible organ for cancer development
in hereditary non-polyposis colorectal cancer (HNPCC), where
the DNA mismatch repair activity is defective[19]. As the role
of defects in DNA mismatches repair process in colon
carcinogenesis is very clear, attention has also recently focused
on the possible role of alternative DNA repair pathways such
as base excision repair in colon cancer formation.
In the present investigation, however, the hOGG1 Ser326Sys
polymorphism did not alter the overall odds ratios for colon
cancers despite of the theoretical relevancies. Subgroup
analysis revealed an increased tendency of ORs with smoking
habit or frequent meat intaking in Cys/Cys carriers although
the statistical significance of the former factor is marginal.
The intake of meat and animal fat was almost consistently
associated with the increased risk of large-bowel cancer in the
previous studies[20-22]. It was suggested that the abundant fecal
iron after red meat intake, together with the ability of bile
pigments to act as iron chelators, supports the superoxidedriven Fenton reaction[15]. Meanwhile, excessive fat ingestion
increases the concentrations of bile acids in the colon. The
increased fatty acids and secondary bile acids in the colonic
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lumen, which acts as cytotoxic surfactants, can damage colonic
ep it h elial cells an d th u s in d u ce a co m p en sa to r y
hyperproliferation of crypt cells[23]. In addition, the high intake
of polyunsaturated fatty acid induces peroxidative reaction with
plasma low-density lipoproteins, which in turn generate free
radicals. Meat is a major source of dietary animal fat. Thus,
the question is still unresolved whether the association of meat
with colorectal cancer seen in some epidermiologic
investigations reflects the effect of fat, or meat in general, or
just particular types of meat. One prospective study showed
that red meat, but not the chicken or fish could be an
independent risk factor for colon cancer[24]. The result of the
present investigation together with a literature review consists
with the suggestion that oxidative damage after meat intake
may play a role in colon carcinogenesis and that the role may
be more pronounced in Cys/Cys carriers, who have a lower
activity in terms of repair of DNA.
Some discussion is required on the credibility of the answer
concerning the meat intake habit. The dietary environment has
been rapidly changing in Korea in accordance with economic
development. Meat consumption per capita has increased more
than 3 times during the past 3 decades[25]. A possible problem
under this circumstance is that the answers on the questionnaire
might be more influenced by recent dietary habits rather than
lifelong ones, although we tried to reduce such problems to a
minimum during the interview.
Among the various lifestyle factors, tobacco smoking might
provide the strongest oxygen radical generating environment.
An array of studies demonstrated the increased oxidative DNA
damage in smokers compared to non-smokers [26,27]. The
carcinogenic role of tobacco in association with the oxygen
free radical seems clear in airway tract tissues. Recent studies
showed that an increased risk of squamous type lung cancer,
orolaryngeal cancer in smokers, was particularly found in
homozygous Cys 326 gene carriers. In general, the biologic
role of tobacco smoke as an etiology of cancer in the
gastrointestinal tract might be less prominent than that in the
airway tract. Tobacco smoking history is often inconsistent
with the incidence of colorectal cancers although it shows a
near consistent positive relationship with the presence of
colorectal adenomas [28,29]. The previous studies, which
investigated the effect of smoking in gastric cancer
development in connection with the Ser326Cys polymorphism,
showed only a weak association[14]. In the present study, the
OR for colon cancer among smokers tended to be higher in
Cys/Cys carriers than that in Ser/Ser and Ser/Cys carriers, the
interaction being of borderline statistical significance. The
result of present findings suggested that the oxygen free radical
generated from tobacco smoke might be involved in colon
carcinogenesis although the role is probably limited.
The role of oxidative DNA damage in alcohol-related
carcinogenesis is still controversial. Alcohol consumption was
associated with increased DNA damage or induction of 8oxoG
in some studies[30,31] in contrast, but not in others[32,33]. The
present study showed that alcohol intake did not increase the
risk of colon cancer even in Cys/Cys carriers. It suggested that
the role of alcohol consumption in colon cancer formation,
particularly in association with the 8oxoG adduct induction,
was limited. The other factors including vegetable or soybean
product intake, physical exercise and family history of colon
cancer did not increase OR for colon cancer in the total number
of subjects studied as well as in Cys/Cys carriers. Thus, it was
difficult to interpret whether these factors play a role during
colon carcinogeneis, particularly in interaction with the hOGG1
Ser326Cys polymorphism.
In summary, the hOGG1 Ser/Cys polymorphism does not
significantly alter the overall risk of colon cancer. The Cys
type allele, however, may exert an impact on colon
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carcinogenesis through an interaction with certain
environmental factors such as smoking or meat consumption.
There are lines of complex biologic factors involved in colon
carcinogenesis. The present study suggests the possibility that
an inter-individual difference in DNA repair capacity can be
one such factor, however, the influence of such a role is
believed to be limited. Further studies with a large number of
subjects are warranted to better assess the role of hOGG1
polymorphism in colon carcinogenesis.
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Abstract
AIM: To perform a review of patients with colorectal cancer
to a community hospital and to compare the risk-adjusted
survival between patients managed in general surgical units
versus a colorectal unit.
METHODS: The study evaluated all patients with colorectal
cancer referred to either general surgical units or a colorectal
unit from 1/1996 to 6/2001. These results were compared
to a historical control group treated within general surgical
units at the same hospital from 1/1989 to 12/1994. A KaplanMeier survival analysis compared the overall survivals (allcause mortality) between the groups. A Cox proportional
hazards model was used to determine the influence of a
number of independent variables on survival. These variables
included age, ASA score, disease stage, emergency surgery,
adjuvant chemotherapy and/or radiotherapy, disease
location, and surgical unit.
RESULTS: There were 974 patients involved in this study.
There were no significant differences in the demographic
details for the three groups. Patients in the colorectal group
were more likely to have rectal cancer and Stage I cancers,
and less likely to have Stage II cancers. Patients treated in
the colorectal group had a significantly higher overall 5-year
survival when compared with the general surgical group
and the historical control group (56 % versus 45 % and
40 % respectively, P<0.01). Survival regression analysis
identified age, ASA score, disease stage, adjuvant
chemotherapy, and treatment in a colorectal unit (Hazards
ratio: 0.67; 95 % CI: 0.53 to 0.84, P =0.0005), as significant
independent predictors of survival.
CONCLUSION: The results suggest that there may be a
survival advantage for patients with colon and rectal cancers
being treated within a specialist colorectal surgical unit.
Platell C, Lim D, Tajudeen N, Tan JL, Wong K. Dose surgical
sub-specialization influence survival in patients with colorectal
cancer? World J Gastroenterol 2003; 9(5): 961-964
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INTRODUCTION
The question of who should be performing surgery on patients
with colorectal cancer has important implications for both
specialist colorectal surgeons and general surgeons. This is

because it impacts on not only patient management, but also
surgical training and the provision of surgical services in
regional areas.
A significant volume of literature has been devoted to try
and define if sub-specialization benefits patients with colorectal
cancer [1-3]. However, there is currently little convincing
evidence that specialist colorectal surgeons can achieve
superior results when compared to general surgeons. The
Australian NHMRC guidelines for the management of
colorectal cancer[4] address only the issue of who should
perform elective rectal cancer surgery. It states rather
enigmatically that “such surgery should be performed by
surgeons who have undergone a period of special exposure to
this form of surgery and who have satisfactory experience in
the surgical management of rectal cancer”.
The aim of this study was to determine if there was a riskadjusted survival advantage for patients with colorectal cancer
being treated within a specialist colorectal surgical unit when
compared to general surgical units.

MATERIALS AND METHODS
The colorectal service was established at Fremantle Hospital
in 1996 with the appointment of a single surgeon who had
received accredited training in colorectal surgery. The
management of these patients was standardized through the
use of treatment pathways, and protocols for the use of adjuvant
chemo and/or radiotherapy. All patients referred to the service
with a histologically proven colorectal cancer were
prospectively entered into a designated colorectal computer
database (Filemaker Pro 3.0 and 5.0, Claris) managed by the
service. The three general surgical units at the hospital
comprised of 10 different general surgeons who were employed
by the hospital over the study period. All patients referred to
these units with a histologically proven colorectal cancer were
prospectively entered into the general surgical database
managed through the Department of Surgery. A medical
student group crosschecked these database entries with the
patients’ medical records and pathological records to accurately
determine tumour stage, use of adjuvant therapy, and whether
the operation was an emergency. These data were validated
by the author. The study period was from 1/1/1996 to 1/6/
2001. Patients presenting with recurrent colorectal cancers for
management were included in the analysis.
The historical control group consisted of a cohort of patients
with colorectal cancer who had been managed at Fremantle
Hospital from 1/1989 to 12/1994 by a group of 8 general
surgeons. This group of 475 patients had previously been part
of a retrospective analysis performed in 1996 by the author,
and the results published in 1997[5]. In view of the retrospective
nature of the data collection, some areas of information were
not collected as accurately as in the present prospective trial.
In particular, the information required to calculate cancer free
survivals was not available. This control group was chosen
because it predated the widespread acceptance and use of
adjuvant chemotherapy and radiotherapy at Fremantle Hospital.
All the endpoints were defined prior to the collection of data.
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The surgical procedure was termed curative if there was
macroscopic removal of all the tumour and histological
assessment showed there to be clear margins. A palliative
procedure was where the surgeon had left tumour remaining
following surgery, or where no attempt had been made to
remove the tumour. Histological assessment of the resected
specimen was required to adequately determine this. A positive
surgical margin was defined as the presence of tumour within
1 mm of the resection line.
Primary was defined as the first presentation with a colorectal
neoplasia, or if a second presentation, where the tumour
occurred in a metachronous location. The rectum was defined
as commencing in the area where the taenia coli of the sigmoid
colon coalesce into a uniform outer longitudinal muscular wall.
At colonoscopy, it included the area up to 18 cm from the anal
verge. An emergency procedure was where a patient underwent
urgent surgery (i.e. within 24 hours of admission) without
recourse to the normal pre-operative work up which includes
colonoscopy and bowel preparation (including presentations
with acute obstruction, perforation, and massive bleeding). The
American Society of Anaesthesia score (ASA score) was used
as a general measure of patient well-being. The TNM staging
system was used in this study. For those patients who received
pre-operative radiotherapy to their rectal cancers, and where
there had been complete resolution of the primary tumour, the
staging was based upon the pre-treatment endoanal ultrasound
and CT scan.
In the colorectal group, adjuvant chemotherapy was offered
to all patients with Stage III colon cancers and a selected group
of Stage II colon cancers if there was evidence of poor
prognostic markers (i.e. poorly differentiated, lymphovascular
invasion) or if they were of young age (<50 years). Adjuvant
preoperative radiotherapy was offered to patients with rectal
cancers if the lesion was - (1) less than or equal to 12 cm from
the anal verge, (2) fixed in position, (3) mobile lesions if found
on endorectal ultrasound to be T3 or T4 in staging, (4) no
associated metastatic disease found on abdominal CT scan.
The general surgeons did not maintain guidelines for the use
of adjuvant chemo/radio therapy. There was minimal use of
adjuvant therapy in the historical control group.
The three data sets (a. colorectal group, b. general surgeon
group, c. historical group) were then linked to the Mortality
Registry of the Health Department of Western Australia. This
enabled cross checking of the date of death of patients, and
the survival curves were calculated from this information.

Statistical analysis
The mean, standard deviation, and range were used as
descriptive statistics. Survival was calculated using the KaplanMeier product-limit estimate of survival. The survival time
was calculated from the time of initial surgery (or if no surgery
was performed, from initial consultation) to either death or 112-2002. The survival analysis was an overall analysis and
included patients dying - (1) in the 30 day postoperative period,
(2) from colorectal cancer, or (3) from unrelated causes (e.g.
myocardial infarct). Patients presenting with recurrent cancer
were included in the survival analysis. Comparisons of the
overall (all-cause mortality) survival data were made between
the study groups using the log rank test and the Breslow-GehanWilcoxen test. The latter test was chosen because it could give
greater weight to times with more observations in the risk set,
and was therefore less sensitive than the log rank test to late
events when few subjects remained in the study. The Chisquare test was used in comparisons of nominal data.
A Cox proportional hazards model (Statview 5.0, SAS
Institute Inc.) was then applied to identify those factors
associated with the improved survival of patients with
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colorectal cancer. The variables which were evaluated were:
(1) patients age, (2) stage of disease, (3) location - colon versus
rectum, (4) surgical timing - elective versus emergency, (5)
surgical management group - colorectal group and the general
surgical group versus the historical control group, (6) use of
adjuvant chemotherapy, (7) use of adjuvant radiotherapy (8)
ASA score. Those factors identified on univariate analysis as
significant predictors of survival were then included in a
forward multiple linear regression analysis (Statview 5.0, SAS
Institute Inc.). Significance was defined as the probability of a
type I error of less than 5 %.

RESULTS
There were 974 patients involved in this study. The basic
demographic data for the study groups was detailed in Table 1.
The only significant differences noted were that patients in the
colorectal group were more likely to have a rectal cancer, and
those patients in the colorectal group and general surgical groups
were more likely to have an ASA score of 3 or 4 when compared
with the controls. The mean follow up time in the colorectal
group was shorter than that in the general surgical group. This
was because the rate of referrals was increasing in the former
and declining in the latter. For example, the general surgical
group managed only 11 colorectal cancers during 2000.
Table 1 Basic demographic data for the study groups of patients with colorectal cancer
Colorectal
group
Number

General surgical
group

Historical
group

362

137

475

Mean age–years

69 (±12)

70 (±11)

69 (±13)

Age range-years

29 to 93

38 to 93

32 to 95

1.3:1

1.4:1

1.4:1

Sex ration M:F
ASA score of 3 or 4
Elective vs emergency
procedures
Curative vs palliative
pesections
No surgery

40 %

39 %

22 %

319 vs 43

112 vs 25

394 vs 81

(88% vs 12%)

(78% vs 18%)

(79% vs 17%)

264 vs 80

101 vs 23

366 vs 85

(73 % vs 22%)

(74 % vs 17%)

(77 % vs 18%)

18 (5%)

13 (9%)

24 (5%)

Colon cancer

170 (47%)a

90 (66%)

314 (66%)

Rectal cancer

192 (53%)b

47 (34%)

161 (34%)

Adjuvant chemotherapy

116 (32%)

19 (14%)

17 (4%)

Adjuvant radiotherapy

65 (18%)d

Mean follow-up-years

2.75 (±1.2)e

Max follow-up-years

6.8

c

9 (7%)

14 (4%)

4.5 (±1.4)

5.1 (±4.5)

6.9

13.9

P<0.05 vs the other two group.

a,b,c,d,e,f

The information for staging for both colon and rectal cancers
for the three groups was presented in Table 2. Patients in the
colorectal group were significantly more likely to have a stage
I cancer, and had significantly fewer stage II cancers, when
compared with the other two groups. There was also a
significant difference between the two groups in the use of
adjuvant chemotherapy for patients who were less than 75 years
of age and who had stage III colorectal cancers. For this group
of patients, the percentage receiving adjuvant therapy was
89 % in the colorectal group, versus 41 % in the general surgery
group, and 5.8 % in the historical group. For patients with stage
II colorectal cancer, adjuvant chemotherapy was administered
to 11 % of patients in the colorectal group, and no patients in
the general surgery or historical groups. No patients with stage
I cancer received adjuvant chemotherapy in either group.

Platell C et al. Influence of surgical sub-specialization influence
Table 2 Staging information for colorectal cancers for the
study groups
Stage

Colorectal
group
number (%)

General
surgical group
number (%)

Historical
group
number (%)

Stage I

81 (22 %)a

9 (7 %)

57 (12 %)

Stage II

95 (26 %)b

53 (39 %)

159 (33 %)

Stage III

91 (25 %)

41 (30 %)

146 (31 %)

Stage IV

91 (25 %)

29 (21 %)

106 (22 %)

4 (1 %)

4 (3 %)

7 (2 %)

Stage unknown
a,b

P<0.05 vs the other two group with the Chi-square test.

A comparison of the survival between the study groups
found that patients in the colorectal group had a significantly
higher overall 5 year survival when compared with the general
surgical group and historical groups (56 % versus 45 % and
40 % respectively, P<0.0001). The survivals for the various
study groups based on the tumour stage were presented in Table
3. Patients in the colorectal group who had either Stage I or
Stage III cancers were noted to have significantly higher
survivals when compared to the other two groups.
Table 3 A comparison of the overall 5 year survival based on
stage for the study groups
Stage

Colorectal
group

General
surgical group

Historical
group

I

90 %a

67 %

72 %

II

62 %

57 %

58 %

III

60 %b

46 %

34 %

IV (2 year survivals)

22 %

21 %

19 %

a,b

P<0.05 vs the other two group.

In the uni-variate analysis, those factors that were found
to be significant predictors of overall survival were: age, ASA
score, emergency surgery, and stage of disease, adjuvant
chemotherapy, adjuvant radiotherapy, and the surgical unit
the patients were managed in. These independent variables
were then entered into a multiple logistic regression analysis
(Table 4) that identified: age, ASA score, stage of disease,
the use of adjuvant chemotherapy, and management in the
colorectal surgical group as significant independent predictors
of survival. The comparisons for the surgical groups were
made against the historical control group, with the general
surgical group showing no improvement in survival when
compared with the controls.
Table 4 Cox survival regression analysis of independent
predictors of the overall survival in the 974 patients with
colorectal cancer
Independent variables

P

Hazard
ratio

95%
Confidence interval

Age

0.15

1.011

1.002-1.020

ASA score

<0.0001

1.477

1.29-1.69

Adjuvant chemotherapy

0.047

0.634

0.405-0.993

Stage I

<0.0001

0.211

0.107-0.418

Stage II

0.003

0.397

0.214-0.738

Stage III

0.19

0.665

0.358-1.237

Stage IV

0.009

2.27

1.229-4.186

Colorectal surgical

0.0005

0.667

0.531-0.837

unit vs control

963

DISCUSSION
The results of this study suggest that there was a survival
advantage for patients with colorectal cancer being managed
within a specialist colorectal surgical unit at a community based
teaching hospital. These improvements in survival appear to
be independent of other known predictors of survival that
include stage of disease at presentation, emergency procedures,
and the use of adjuvant chemotherapy. It remains to be
determined as to why these differences exist. Do they simply
reflect a higher surgical case load, or are they a result of
improved surgical technique, better utilization of adjuvant
therapy, or even standardized care through the use of treatment
pathways?
There are a number of difficulties in designing a study to
determine if there is a survival advantage in patients with
colorectal cancer being managed by different groups of
surgeons. A review of the surgical literature will show that
rarely have clinical trials been conducted which compared the
performance of different groups of surgeons. The logistics of
trying to randomize patients into such a trial are very difficult.
In this study, we have attempted to compare the risk adjusted
survival of patients managed in general surgical units with those
in a colorectal unit, and have compared these results with a
well studied control group to see if there have been any
improvements. Evaluating risk-adjusted survival in large
cohorts of patients using historical controls is one recognized
technique for addressing this issue. Clearly there were
significant differences between the groups, with those patients
in the colorectal group more likely to have Stage I disease and
rectal cancers and with a trend towards fewer emergency
procedures. However, the multivariate analysis is designed to
account for these differences, and to include those factors that
have been identified as independent predictors of survival. The
individual surgeon was not included as an independent risk
factor in this study because the majority of the general surgeons
performed less than 20 cases during the study period. Such a
small number makes it difficult to assess an individual
surgeon’s performance.
There have been a number of reports in the literature
detailing wide variations in outcomes between surgeons
managing patients with malignant disease[1-3]. An important
aspect to this variation appears to be case loads[6-8]. In both
patients with breast cancer[6], oesophageal cancer[7] and rectal
cancer[1], surgeons managing higher numbers of patients seem
to gain improved results. A comprehensive review of the
relationship between volume of surgical procedures and
outcome has recently been published[9,10]. This review assessed
88 studies and found that 77 % of the trials demonstrated a
positive relationship between volume of work and reduced
mortality, with the other 23 % of studies showing no
relationship. None of the studies demonstrated a negative
relationship.
The question of whether a surgeon who is sub-specialized
in colorectal surgery can achieve improved results remains an
unresolved issue. Porter et al.[1], in their study on factors which
influenced survival and local recurrence rates in patients treated
for rectal cancer, found that surgeons who were trained in
colorectal cancer had significantly improved survivals and
reduced local recurrence rates when compared to general
surgeons performing less than 21 procedures over the eight
year study period. Nonetheless, there results were not
significantly better than when compared to general surgeons
performing greater than 21 procedures in the study period.
Yet again this study focuses on rectal cancer and ignores
colonic cancers. It remains to be determined whether these
improvements relate to factors such as accuracy of tumour
excision, minimizing tissue trauma, reduced incidence of septic
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complications (which may influence cancer survival)[11], and
even possible to reduced blood loss and transfusion requirements.
In conclusion, there appears to be a survival advantage for
patients with colorectal cancer being managed within a
specialized colorectal unit. However, it remains to be
determined which aspects of the management in such a unit
are the most important determinates in this improvement in
out-come.

ACKNOWLEDGEMENTS
I would like to thank Dr Di Rosman at the Health Department
of Western Australia for her assistance in linking information
with the Deaths Registry of Western Australia. I would also
like to thank Dr James Semmens of the Department of Public
Health at the University of Western Australia for acting as a
consultant for the statistical analysis used in this paper.

World J Gastroenterol

3
4
5
6
7
8
9

REFERENCES
1
2

Porter GA, Soskolne CL, Yakimets WW, Newman SC. Surgeon
related factors and outcome in rectal cancer. Ann Surg 1998; 227:
157-167
Khuri SF, Daley J, Henderson W, Hur K, Hossain M, Saybel D,
Kizer KW, Aust JB, Bell RH, Chang V, Demakis J, Faleri PJ, Gibbs
JO, Graver F, Hammermeister K, McDonald G, Passaro E, Phillips
L, Scamman F, Spencer J, Stremple JF. Relation of surgical vol-

10
11

May 15, 2003 Volume 9 Number 5

ume to outcome in eight common operations. Results from the
VA national surgical quality improvement program. Ann Surg
1999; 230: 414-432
Singh KK, Barry MK, Ralston P, Henderson MA, McCormick JS,
Walls AD, Auld CD. Audit of colorectal cancer surgery by nonspecialist surgeons. Br J Surg 1997; 84: 343-347
NHMRC. Guidelines for the prevention, early detection and
management of colorectal cancer. 1999
Platell C. A community-based hospital experience with colorectal
cancer. Aust NZ J Surg 1997; 67: 420-423
Sainsbury R, Haward B, Rider L, Johnston C, Round C. Influence of clinician workload and patterns of treatment on survival
from breast cancer. Lancet 1995; 345: 1265-1270
Matthews HR, Powell DJ, McConkey CC. Effects of the result of
surgical experience on the results of resection for oesophageal
carcinoma. Br J Surg 1986; 73: 621-623
McArdle CS, Hole D. Impact of variability among surgeons on
postoperative morbidity and mortality and ultimate survival. Br
Med J 1991; 302: 1501-1505
Committee on Quality of Health Care in America and the National Cancer Policy Board. Interpreting the volume-outcome
relationship in the context of health care quality. Washington: Institute of Medicine 2000
Birkmeyer JD, Finlayson EV, Birkmeyer BS. Volume standards
for high-risk surgical procedures: Potential benefits of the Leapfrog initiative. Surgery 2001; 130: 415-422
Fujita S, Teramoto T, Watanabe M, Kodaira S, Kitajima M. Anastomotic leakage after colorectal cancer surgery: a risk factor for
recurrence and poor prognosis. Jap J Clin Oncol 1993; 23: 299-302
Edited by Xu XQ

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

World J Gastroenterol 2003;9(5):965-969
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• COLORECTAL CANCER •

Tumor necrosis factor-related apoptosis-inducing ligand gene on
human colorectal cancer cell line HT29
Xiang-Ming Xu, Chao He, Xiao-Tong Hu, Bing-Liang Fang
Xiang-Ming Xu, Department of Colorectal Surgery of the First
Affiliated Hospital, College of Medicine, Zhejiang University,
Hangzhou 310003, Zhejiang Province, China
Chao He, Xiao-Tong Hu, Clinical Research Institute of Sir Run
Run Shaw Hospital, Zhejiang University, Hangzhou 310016, Zhejiang
Province, China
Bing-Liang Fang, Department of Thoracic and Cardiovascular
Surgery, the University of Texas M.D.Anderson Cancer Center,
Box109, 1515 Holcombe Boulevard, Houston, TX77030, Texas, USA
Supported by the Scientific Committee Foundation of Zhejiang
Province, No.001103163
Correspondence to: Chao He, Clinical Research Institute of Sir Run
Run Shaw Hospital, Zhejiang University, Hangzhou 310016, Zhejiang
Province, China. drhe@zju.edu.cn
Telephone: +86-571-86048962
Received: 2002-10-09 Accepted: 2002-11-06

Abstract
AIM: To evaluate the therapeutic efficiency of Tumor Necrosis
Factor-related Apoptosis-inducing Ligand (TRAIL) gene on
human colorectal cancer cell line HT29.
METHODS: Human embryonal kidney cells transformed
by introducing sheared fragments of Ad5 DNA (293 cell)
were used for amplification of adenoviral vectors: Ad/GTTRAIL,Ad/GT-Bax, Ad/GT-LacZ and Ad/PGK-GV16. Human
colorectal cancer cell line HT29 was transfected with binary
adenovirus-mediated TRAIL gene. Bax gene was used as
positive control, LacZ gene was used as the vector control,
and cells treated with PBS only were used as a mock
control. The morphological changes, cell growth and
apoptosis were measured by reversmicroscope, MTT
method and flow cytometry.
RESULTS: All adenoviral vectors titer determined by optical
absorbency at A260nm were 1×1010 viral particle/ml(vp/
ml).Obviously morphological changes of HT29 cells were
observed when infected with Ad/GT-TRAIL, and these
changes were much more obviously when Ad/PGK-GV16
was coinfected. The cell suppression percentage and the
percentage of apoptotic cells were 52.5 % and 16.5 %
respectively when infected with Ad/GT-TRAIL alone, while
combining with Ad/PGK-GV16, the growth of HT29 was
suppressed by 85.2 % and the percentage of apoptotic cells
was 35.9 %. It showed a significantly enhanced therapeutic
efficiency with binary system (P<0.05).
CONCLUSION: A binary adenoviral vector system provides
an effective approach to amplify viral vectors that express
potentially toxic gene, TRAIL. Ad/GT-TRAIL showed a
significantly enhanced therapeutic efficiency for HT29 when
coinfected with Ad/PGK-GV16. Ad/GT-TRAIL could induce
apoptosis of HT29 and inhibit its growth.
Xu XM, He C, Hu XT, Fang BL. Tumor necrosis factor-related
apoptosis-inducing ligand gene on human colorectal cancer
cell line HT29. World J Gastroenterol 2003; 9(5): 965-969

http://www.wjgnet.com/1007-9327/9/965.htm

INTRODUCTION
Tumor necrosis factor-related apoptosis-inducing ligand, is
also called Apo-2L, a new member of TNF family. It was first
identified through a search of an expressed sequence tag
(EST) database using a conserved sequence contained in
many TNF family members. TRAIL is a type II transmembrane
protein whose extracellular region forms a soluble molecule
on cleavage. Both membrane-bound TRAIL and soluble
TRAIL rapidly induce apoptosis in a wide variety of
tumorigenic cells via interaction with the death receptors DR4
and DR5. However, unlike its relatives, TNF and CD95L,TRAIL
appears to induce apoptosis only in tumorigenic or transformed
or virus infected cells and not in normal cells. Because of its
selective cellular toxicity, TRAIL may act as a safe agent for
tumor gene therapy[1,2]. In our experiment, human colorectal
cancer cell line HT29 was transfected with binary adenovirusmediated TRAIL gene. Bax gene was used as positive control,
LacZ gene was used as the vector control, and cells treated
with PBS only were used as a mock control. To evaluate the
therapeutic efficiency of TRAIL on human colorectal cancer
cell line HT29, reversemicroscope, MTT method and flow
cytometry were used.
MATERIALS AND METHODS
Materials
Adenoviral vectors and cell lines: Ad/GT-TRAIL, Ad/GT-Bax,
Ad/GT-LacZ and Ad/PGK-GV16 were presented by Dr.
Bingliang Fang (Department of Thoractic and Cardiovascular
surgery, The University of Texas M.D.Anderson Cancer
center). Human embryonal kidney cells transformed by
introducing sheared fragments of Ad5 DNA (293 cell) was
maintained in our laboratory (Clinical research institute of Sir
Run Run Shaw Hospital, Zhejiang University). Human
colorectal cancer cell line HT29, a kind gift from Dr. Junhui
Cui (Medical School, Zhejiang University).
Methods
Construction, amplification and titration of adenoviruses[3]
Adenoviral vectors Ad/GT-Bax, Ad/GT-LacZ and Ad/PGKGV16 were constructed as described previously[14]. Ad/GTTRAIL, an adenoviral vector expressing TRAIL, was also
constructed. Briefly, a cDNA containing the entire coding
sequence of human TRAIL was inserted into an expression
cassette driven by a GT promoter to generate shuttle plasmid
pAD/GT-TRAIL. This shuttle plasmid was then cotransfected
into 293 cells along with a 35-kb ClaI fragment from
adenovirus type 5. Then, recombinant vector Ad/GT-TRAIL
was generated by homologous recombination and plaquepurified. To produce large quantities of the virus, when 293
cells (transformed primary human embryonal kidney cells) are
grown to 60-70 % confluency on 75 cm2 bottle, the media
were changed using RPMI1640 supplemented with 10 % FBS
and antibiotics. Purified virus is added to the bottles at a
multiplicity of infection (MOI) of 100:1. Every 15 min gently
rock the bottles to redistribute the liquid over the entire bottle,
and rotate the bottles to allow for even distributionof the viral
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suspention. After one hour incubation, add 15 ml fresh media
to each bottle. Incubate the bottles in a 37 , 5 % CO2 incubator
for 48-72 h, harvest the cells when a complete cytopathic effect
(CPE) is evident (95-100 % cells rounded with 10-20 %
floating). The cells should be lifted off the bottle by gently
pipetting medium over them and collect cells into 50 ml
centrifuge tubes. Centrifuge in a clinical centrifuge at room
temperature for 3-4 min at 1 500 rpm. The supernatant may be
placed directly at -70
for further infection. The cell pellet
may also be placed directly at -70
until ready for
purification. After three cycles of freeze-thaw the cell pellets,
remove the cellular debris by centrifuging in a clinical
centrifuge at 2 500 rpm for 5 min. The titer determined by the
absorbency of the dissociated virus at A260 nm (one A260
nm unit=1012 viral particles/ml) was used in this study. All of
the viral preparations were found to be free of the E1+
adenovirus by PCR assay and endotoxin by testing with a
Limulus amebocyte lysate endotoxin detection kit.

MTT assay of cell growth
Cell growth was measured by MTT methods. Cells were seeded
onto 96-well plates at a density of 104 in 100 µl of medium per
well. When HT29 cells were grown to 80 % confluency, PBS,
Ad/GT-LacZ, Ad/GT-Bax, Ad/GT-TRAIL, Ad/GT-LacZ+Ad/
PGK-GV16 (1:1), Ad/GT-Bax+Ad/PGK-GV16 (1:1), Ad/GTTRAIL+Ad/PGK-GV16 (1:1) were added respectively. The
optimal MOI was determined by infecting HT29 cell with Ad/
GT-LacZ+Ad/PGK-GV16 (1:1) and assessing the expression
of β-galactosidase via X-gal staining. The MOI that resulted
in >85 % of cells being stained blue were used in this experiment.
The MOI was 1 000 particles for HT29 cells. Unless otherwise
specified, Bax was used as positive control, LacZ was used as
the vector control, and cells treated with PBS only were used
as a mock control. At 0, 1 d, 3 d and 5 d, cells were incubated
with 0.5 % MTT for 4 hours. The medium was then removed
and 150 µl DMSO solution was added, followed by incubation
at 37
for another 4 hours. The absorbance of the reaction
solution at 490 nm was measured. These data were used to
make growth curves. The cell suppression percentage=(1absorbance of experimental group/absorbance of control
group)×100 %.
Assay of apoptosis (FCM)
HT29 cells were seeded onto 6-well plates at a density of 4×106
in 2.5 ml of medium per well. The cells were given the same
treatment as we did in the MTT assay. The MOI was 1 000,
reverse microscope was used to watch the morphological
changes. Cells were harvested by trypsinization at 5 d after
treatment, then FCM analysis for cell surface molecules was
performed using Annexin V Kit (Immunotech, Annexin-FITC),
according to the following procedure: wash cells twice with
cold PBS, resuspend cells in 1×Binding Buffer at a
concentration of 1×10 6cells/ml, transfer 100 µl to a 5 ml culture
tube, add 5 µl Annexin V-FITC and 10 µlPI, gently vortex the
tube and incubate for 15 min at room temperature in the dark,
add 400 µl 1×Binding Buffer to each tube, analyze by flow
cytometry as soon as possible (within one hour). PI/Annexin
V-negative cells were regarded as living cells; PI-positive/
Annexin-negative cells were regarded as injured ones; PInegative/Annexin V-positive cells were regarded as early
apoptotic cells; PI/Annexin V-positive cells were regarded as
late apoptotic or secondary necrotic ones.
Statistical analysis
Differences among the treatment groups were assessed by
paired t-test using SPSS10.0 statistical software. P<0.05
indicates significant difference.
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RESULTS
Titers of recombinant adenovirus
All adenoviral vectors titer determined by optical absorbency
at A260nm were 1×1010 viral particle/ml(vp/ml).
Morphological changes of recombinant adenovirus on HT29 cell
When HT29 were transfected with Ad/GT-TRAIL, Ad/GTBax, obviously morphological changes of HT29 were found.
These changes were found to be much more early and
obviously when Ad/PGK-GV16 was cultured together. Over
80 % of the cells showed signs of cytopathology, and became
rounded and detached. However, when HT29 were transfected
with Ad/GT-LacZ, Ad/GT-LacZ+Ad/PGK-GV16, no
significant morphological changes were found, the cells
remained in monolayers with normal morphology.
Cell growth inhibition of recombinant adenovirus on HT29 cell
Cell viability was measured by MTT assay as showed in Figure
1 and Figure 2. Cultured with Ad/GT-TRAIL, Ad/GT-Bax,
Ad/GT-LacZ, the cell growth of HT29 was inhibited by 52.5 %,
30.3 % and 10.5 % respectively (Table 1). When Ad/PGKGV16 was added, the cell growth inhibition rates were 85.2 %,
61.5 % and 12.1 % respectively (Table 2). There were
significant difference between TRAIL, Bax and LacZ, and PBS
treatment, Ad/GT-TRAIL and Ad/GT-TRAIL+ Ad/PGK-GV16,
Ad/GT-Bax and Ad/GT-Bax+ Ad/PGK-GV16 (P<0.05). There
were also shown significant difference between TRAIL and
Bax treatment when combined with Ad/PGK-GV16. The result
showed TRAIL was more efficient to inhibit cell growth than
Bax on HT29.
Table 1 Cell growth inhibition of recombinant adenovirus on
HT29 cell
Group

OD (x±s)

Ad/GT-TRAIL
Ad/GT-Bax
Ad/GT-LacZ
PBS

0.57±0.12ac
0.84±0.08a
1.07±0.13
1.20±0.17

a

Cell growth
inhibition rates (%)
52.5
30.3
10.5
0.0

P<0.05, vs LacZ, PBS groups; cP<0.05, vs Bax group.

Table 2 Cell growth inhibition of recombinant adenovirus on
HT29 cell when combined with Ad/PGK-GV16
Group

OD (x±s)

Ad/GT-TRAIL+Ad/PGK-GV16

0.18±0.03ac

85.2

Ad/GT-Bax +Ad/PGK-GV16

0.46±0.09a

61.5

Ad/GT-LacZ +Ad/PGK-GV16

1.05±0.07

12.1

PBS

1.20±0.17

0.0

a

Cell growth
inhibition rates (%)

P<0.05, vs LacZ, PBS groups; cP<0.01, vs Bax group.

Apoptosis detected by flow cytometry
Apoptosis was detected by flow cytometry (Figure 3). The
percentage of apoptotic cells treated with Ad/GT-TRAIL, Ad/
GT-Bax, Ad/GT-LacZ and PBS (120 h after treatment) were
16.5 %, 14.7 %, 7.45 %, and 6.15 % respectively (Table 3).
There were significant difference between Ad/GT-TRAIL, Ad/
GT-Bax and Ad/GT-LacZ, PBS group (P<0.05). When
combined with Ad/PGK-GV16, the percentage of apoptotic
cells were significantly increased (P<0.05), 35.9 %, 29.0 %
and 11.2 % respectively (Table 4). There were no significant
difference between Ad/GT-TRAIL and Ad/GT-Bax treatment,
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but there were significant difference between Ad/GTTRAIL+Ad/PGK-GV16, Ad/GT-Bax+Ad/PGK-GV16 and
Ad/GT-LacZ+Ad/PGK-GV16, PBS treatment (P<0.01).
Table 3 The percentage of apoptotic cells of recombinant adenovirus on HT29 cell after 5 d treatment
Group

The percentage of apoptotic cells (%, x±s)

Ad/GT-TRAIL
Ad/GT-Bax
Ad/GT-LacZ
PBS
a

16.50±1.13a
14.70±0.46a
7.45±0.75
6.15±0.23

P<0.05, compared with LacZ, PBS groups.

Table 4 The percentage of apoptotic cells of recombinant adenovirus on HT29 cell when combined with Ad/PGK-GV16
after 5 d treatment
Group

The percentage of
apoptotic cells (%, x±s)

Ad/GT-TRAIL+Ad/PGK-GV16
Ad/GT-Bax+Ad/PGK-GV16
Ad/GT-LacZ+Ad/PGK-GV16
PBS

P<0.01, compared with LacZ, PBS groups.

Relative cell viability

a

35.90±1.32a
29.00±1.66a
11.23±1.14
6.15±0.23

TRAIL
Bax
LacZ
PBS

1.5
1.0
0.5
0.0

0

1

days

3

5

Relative cell viability

Figure 1 Cell viability determined by MTT assay.
TRAIL+GV16
Bax-GV16
LacZ+GV16
PBS

1.5
1.0
0.5
0.0

0

1
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3

5

Figure 2 Cell viability determined by MTT assay.

The percentage of
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Figure 3 Apoptosis detected by flow cytometry.
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DISCUSSION
Colorectal cancer is one of the malignant tumors that threaten
human life severely. The main treatments of colorectal cancer
are surgical resection, chemotherapy and radiotherapy.
Because of local recurrence and metastasis, the 5-year survival
rate after surgical resection is about 50 %. Gene therapy is a
new method of introducing genetic material into cells
developed in modern medicine and molecular biology. It is
certain that occurrence of colorectal cancer is the result of
interaction between hereditary and environmental factors,
research on colorectal gene therapy has been undertaken in
recent years, including suicide gene therapy (HSV-TK/GCV
system,CD/5-FC system), tumor suppressor gene,immunogene therapy and anti-VEGF gene therapy. The idea of them
is to induce apoptosis of tumor cells[4-9].
Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL), which is a new member of the TNF family, showed
a promising result for tumor gene therapy because of its
selective cytotoxic effect. TRAIL is present on many normal
cell surfaces. It appears to induce apoptosis only in tumorigenic
or transformed cells or virus infected cells but not in normal
cells[10,11]. It has five receptors: DR4 [12], DR5 [13], DcR1 [14],
DcR2 [15], OPG[16] (Osteoprotegerin). Both member-bound
TRAIL and soluble TRAIL induce apoptosis rapidly via
interaction with death receptors DR4, DR5. DcR1, with no
death domain and DcR2, with a truncated death domain are
not capable of inducing apoptosis, however by competing for
TRAIL, they are capable of inhibiting TRAIL-induced
apoptosis, thereby protecting normal cells from the cytotoxic
effect[17,18]. In addition, it is important for tumor gene therapy
that TRAIL may elicit bystander effects either through
interaction of surface TRAIL molecules with receptors on
neighboring cells or through the action of soluble TRAIL from
the TRAIL-expressing cells[19].
Recent studies showed that TRAIL induced apoptosis in a
wide variety of tumor cell lines, both in vitro and in vivo.
Because of the TRAIL gene’s high apoptotic activity and its
toxic effect on packaging 293 cells, constructing an adenoviral
vector that can express TRAIL remain to be a problem. In this
study, we constructed adenoviral vectors expressing the human
TRAIL gene using a binary vector system that allows
expression of a highly apoptotic gene. Briefly, the TRAIL
gene’s promoter was replaced by GT, a synthetic promoter
consisting of five GAL4-binding sites and a TATA box, which
has very low transcriptional activity in vitro and in vivo when
placed in a adenoviral backbone. Moreover, the transgene
activity can be substantially induced in vitro and in vivo by
administering this construct along with an adenoviral vector
(Ad/PGK-GV16) expressing a GT transactivator, namely, the
GAL4-VP16 fusion protein[20]. This means TRAIL protein
expression could be induced by coinfecting target cells with
Ad/GT-TRAILand Ad/PGK-GV16. One potential problem that
may arise in using this system is that not all the target cells
may be transduced by both the transgene-expressing and
transactivator-expressing vector. Our early study showed in
vitro transduction of H1299 cells with Ad/CMV-LacZ or Ad/
GT-LacZ+Ad/PGK-GV16(1:1) at the same MOI showed
equivalent blue cells by X-gal staining, which suggested that
transduction efficiency may not be hampered by using two
vectors. The binary adenoviral vector system was effective
for expressing high levels of the proapoptotic gene, it was also
confirmed in Bax gene study[21]. Here Bax gene was used as
positive control. The results showed Ad/GT-TRAIL and Ad/
GT-Bax were able to induce apoptosis of HT29 and inhibit its
growth. When combined with Ad/PGK-GV16, the effects were
enhanced significantly, it was testified again that the binary
adenoviral vector system was simple and effective for
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expressing high levels of the proapoptotic gene. This method
may provide an alternative approach for colorectal cancer
biotherapy. Our result also provides experimental evidences
for preclinical research on colorectal cancer gene therapy.
There are several advantages using adenoviral vector: high
transduction efficiency; high expression of report gene; high
viral titer; simpler to construct recombinant virus; insert size
up to 8kb. Direct intratumoral injection of recombinant
adenoviral vector can induce tumor cell apoptosis, suppress
tumor progression and even ablate the tumor with TRAIL
gene’s antitumor and bystander effect. Recent studies showed
that repeated i.v. injection of recombinant and biologically
active TRAIL induced tumor cell apoptosis, suppressed tumor
progression, and improved survival in mice bearing colorectal
cancer model (DLD-1), with no detectable toxicity[19]. Whereas
toxic effects of TRAIL on human hepatocytes in vitro were
observed, concern must be raised about the potential toxicity
of TRAIL, especially when administered systemically. A nontagged, soluble, native-sequence form of TRAIL(amino
acids114-281) failed to induce hepatotoxicity in cynomolgus
monkeys[10]. A recombinant, soluble version of the ligand fused
to a trimerizing leucine zipper (amono zcids 95-281) also
lacked hepatotoxicity in mice [11] . More recently, a
polyhistidine-tagged recombinant soluble form of TRAIL
(amino acids114-281) was reported to induce apoptosis in
cultured human hepatocytes[22]. Although the recent report of
hepatocyte death after treatment with TRAIL in vitro must be
taken seriously, it is important that the limitations of the model
system used in these experiments are also understood [23].
Fortunately, further research showed that the proapoptotic
activity of the TRAIL gene is mainly elicited via membranebound TRAIL, and soluble factors contribute little to antitumor
and bystander effect. The possible explanation is that the effects
of the soluble TRAIL may be dose-dependent, conformationdependent. It has been reported that only the trimerized
recombinant TRAIL is the most effective. With direct
intratumoral injection of TRAIL, the release of soluble TRAIL
from such TRAIL-expressing tumor cells is not substantial
enough to cause liver damage,and toxicity may be reduced by
vector-targeting strategies. TRAIL has a strong bystander
effect,but our preliminary data showed the bystander effect
was mediated by the membrane-bound TRAIL, and it was cellcontact dependent. Therefore, efficient delivery of the TRAIL
gene into as many cancer cells as possible is still an important
goal in treating cancer patients.
Although our data showed TRAIL and Bax gene can
significantly inhibit the growth of HT29, the percentage of
apoptotic cell are not very high. It has been shown that different
kinds of tumors, even different cell lines of the same tumor
have different sensitivity to TRAIL, which had relation to level
of FLIP, low expression or mutation or loss of DR4 gene,
activation or not of NF-κB, overexpression of Bcl-2, etc.
However with the addition of chemotherapeutic agent or
immunoregulator[24-26], TRAIL-resistant tumor cells recovered
its sensitivity to TRAIL. For examples, addition of actinomycin
D to TRAIL-resistant melanomas resulted in decreased
intracellular concentrations of FLIP, which correlated with
their acquisition of TRAIL sensitivity[27]. The same results were
found, when treated with Doxorubicin or 5-Fu to induce
apoptosis of breast cancer, Doxorubicin or Camptothecin to
human hepatocellular carcinoma dramatically augmented
TRAIL-induced cytotoxicity[28]. In experiment of the antitumor
activity of recombinant TRAIL on mice bearing human colon
carcinoma, GliniakB[29] found that these tumors displayed a
differential sensitivity to TRAIL in vivo that paralleled their
susceptibility to TRAIL-induced apoptosis in vitro. It
demonstrated that TRAIL alone was a potent antitumor agent
in vivo, and its activity could be significantly enhanced in
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combination with the chemotherapeutic agent CPT-11.However,
one of these reports also mentioned that normal cells could be
sensitized to TRAIL-induced apoptosis[30]. This suggests that
such a combination treatment may also increase toxicity.
Nevertheless such an increase in toxicity in response to this
combination therapy may be avoided if TRAIL expression can
be limited locally to tumors. With the combination of TRAIL
and chemotherapy, the dose of chemotherapeutic agent could
be reduced, and thus decreased the side effects of
chemotherapy. In order to explore a more effective approach to
deliver TRAIL gene for colorectal treatment, or to evaluate the
effect of TRAIL gene on liver metastasis (through liver
metastasis models of human colorectal carcinoma established
in nude mice)[31],further research on it is necessary.
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Abstract
AIM: To discuss the rationality of extended radical
resection (ERR) and to guide the surgical treatment of
rectal cancer.
METHODS: Total 211 patients who underwent ERR from
1981 to 1987 (follow-up rate of 94.8 %) were selected to
study the patterns of lymphatic metastasis and therapeutic
effect. The control group was made of 293 patients with
rectal cancer who underwent conventional radical
resection (CRR) and its follow-up rate was 98.5 %. The
lymph node specimens, obtained by the triple-approach
lymph node resection during the radical resection of rectal
cancer, were studied by conventional pathological method.
The extended radical resection, guided by the patterns
of lymphatic metastasis, was applied in the clinical
practice.
RESULTS: The incidence of lymphatic metastasis in
Chinese patients with advanced rectal cancer was 43.6 %,
and that of the upper 2nd and 3rd groups and the lateral
group was 14.2 %, 10.9 % and 11 % respectively. The 5,
10-year-survival rates of the ERR were 68.0 % and 47.0 %,
respectively, which were much higher than those of the
conventional radical resection (42.9 % and 25.3 %).
CONCLUSION: The ERR for rectal cancer removes all the
lymph nodes, prevents possible metastasis and finally
improves the survival rate.
Dong XS, Xu HT, Yu ZW, Liu M, Cui BB, Zhao P, Wang XS.
Effect of extended radical resection for rectal cancer. World J
Gastroenterol 2003; 9(5): 970-973
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INTRODUCTION
Early in 1970s, the opinion for extended radical resection
(ERR) of rectal cancer, which was suggested by some Japanese
scholars, caused great controversy among the scholars who
majored in colorectal cancer all over the world. In 1980s, to
study the rationality of surgical treatment for Chinese rectal
cancer, our hospital first got the patterns of lymphatic
metastasis in Chinese rectal cancer with studying rectal normal
lymphatic drainage and lymphatic metastasis of rectal cancer.
And the EER, guided by the patterns of lymphatic metastasis,
has been applied in our hospital for about 20 years. These
caused a lot of controversy as well. Here, the patterns of

lymphatic metastasis in rectal cancer and therapeutic effect of
ERR are reviewed and analyzed, then the scholar’s doubts
are discussed.

MATERIALS AND METHODS
Materials
All cases of advanced rectal cancer were received and treated
in our hospital. 211 cases used to study the patterns of
lymphatic metastasis and therapeutic effect were chosen
within the patients who underwent ERR (include all upper
and lateral lymph nodes cleaning) from 1981 to 1987 (followup rate of 94.8 %). The control group was made of 293 cases
that underwent conventional radical resection (CRR) and its
follow-up rate was 98.5 %. Between two groups, there was
no significant difference in the clinical data such as location,
pathological type, degree of infiltration, lymphatic metastasis
and so on.
Methods
During operation, the upper lymph nodes were resected from
the root of inferior mesenteric artery. The periaorta lymph
nodes were cleaned partially. Then the lymph nodes around
common, internal and external iliac arteries were resected, as
well as those of obturator foramen. The inferior mesenteric
artery or superior rectal artery and middle rectal artery was
ligated and cut off at the root. And the rectal lateral ligament
was cut off along the pelvic wall. In the Miles operation, the
levator muscle of anus was cut off along the pelvic wall as
well. And the connective tissue in the ischiorectal fossa should
be cleaned.
These lymph nodes included those of perirectum, superior
rectal artery, inferior mesenteric artery and its root, middle
rectal artery, and external iliac artery, common iliac artery,
obturator, aorta, inferior vena cava and deep inguinal.
The lymph nodes were collected by touch and modified
transparent methods. Both the nodes and the primary locus
were analyzed by conventional pathological method. The
survival rate of both groups was compared by direct method.
RESULTS
The patterns of lymphatic metastasis
Total 6894 lymph nodes were collected among 211 patients
who underwent the extended radical resection, 32.7 nodes per
patient in average. There were 92 cases (43.6 %) and 616 nodes
(8.9 %) with metastasis. The metastasis rate of upper 2nd and
3rd group was respectively 14.2 % and 10.9 %. 16 cases of
rectal cancer below the peritoneum reflex had lateral metastasis
(1l %). The metastasis rate of the cases with >1/2 rectal
circumference involved was 53.7 %, and that with <1/2
circumference involved was 26.7 % (P<0.01). The metastasis
rate of the cases with serosal invasion was 63.5 %, and that of
muscular invasion was 26.0 % (P<0.01). The metastasis rate
of the cases with invasive type was 58.9 %, local type 32.3 %
( P<0.01). Poorly differentiated and mucinous adenocarcinoma
had a metastasis rate of 68.6%, well and moderately differentiated
ones 31.8 % (P<0.01), invasive type of growth 70.0 %, and
expanding type of growth 22.9 % (P<0.01). (Tables 1-5).
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Table 1 Relationship between lymphatic metastasis and invasive rate
Circumference
1/2
1/2
a

P<0.01, vs

n

Lymphatic
metastasis (-)

Lymphatic
metastasis (+)

Positive
rate (%)

90
121

66
56

24
65

26.7 %
53.7 %a

1/2 circumference.

Table 2 Relationship between lymphatic metastasis and invasive depth
Depth
Muscular
Serosa
b

n

Lymphatic
metastasis (-)

96
115

Lymphatic
metastasis (+)

71
42

Positive
rate (%)

25
73

26.0 %
63.5 %b

P<0.01, vs. Muscular.

Table 3 Relationship between lymphatic metastasis and
macrotype
Macrotype
Local
Invasive

n

Lymphatic
metastasis (-)

99
112

Lymphatic
metastasis (+)

Positive
rate (%)

32
66

32.3 %
58.9 %

67
46

c

P<0.01, vs. invasive type.

c

Table 4 Relationship between lymphatic metastasis and histological type
Histological type
(adenocarcinoma)
Well and moderately
differentiated
Poorly differentiated
and mucinous

n

Lymphatic
metastasis (-)

Lymphatic
Positive
metastasis (+) rate (%)

160

109

51

31.8 %

51

16

35

68.6 %d

P<0.01, vs. well and moderately differentiated type.

d

Table 5 Relationship between lymphatic metastasis and
growth type
Growth type
Expanding
Invasive
e

n

Lymphatic
metastasis (-)

Lymphatic
metastasis (+)

Positive
rate (%)

61
150

47
46

14
105

22.9 %
70.0 %e

P<0.01, vs. expanding type.

Table 6 Survival rate of extend radical resection (ERR) and
conventional radical resection (CRR)
n1
Dukes A
CRR
ERR
Dukes B
CRR
ERR
Dukes C
CRR
ERR
Total
CRR
ERR

5-yearsurvival rate

n2

10-yearsurvival rate

54/103
63/73

52.4 %
86.3 %

16/55
5/9

29.1 %
55.69 %

32/71
28/47

45.1 %
59.5 %

12/43
1/3

27.9 %
33.3 %

38/115
52/91

33.0 %
57.1 %

12/60
2/12

20.0 %
40.0 %

124/289
136/200

42.9 %
68.0 %

40/158
8/17

25.3 %
47.0 %
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The therapeutic effect of the ERR
Table 6 shows that the 5- and 10-year-survival rate of patients
with advanced rectal cancer who underwent ERR (68.0 %
and 47.0 %) is obvious higher than that of patients with CRR
(42.9 % and 25.3 %), P<0.05.
DISCUSSION
The lymphatic drainage of rectum and the patterns of
lymphatic metastasis of rectal cancer
The research on anatomy of rectum[1,16,19,36] had played an
important role in operation of rectal cancer. Numbers of
researches have showed that there are three routes of lymphatic
drainage. The upper way drains the lymph of the whole
anorectum, the lateral one drains that of the anal canal and the
rectum below the level of peritoneal reflection, and inferior
one only drains that of the anal canal[1]. Then this result of the
anatomic research has been used to guide the operations in
clinical practice[2-6, 17, 20, 23, 28,37]. Early in 1980s, our hospital first
began to study the principle of lymphatic metastasis in Chinese
patients with rectal cancer and showed that lymphatic
metastasis followed the normal lymphatic drainage[6, 27].
The ERR
According to the patterns, we concluded that ERR could be
used for advanced rectal cancer. During cleaning of lymphatic
tissue, the upper level of the cleaning should reach the root of
inferior mesenteric artery, or 10 % lymphatic metastasis would
have been left. For the rectal cancer beneath the level of
peritoneal reflection, the lateral cleaning with internal iliac
artery and obturator nodes should be carried out, or else another
10 % would have been left.
The indications for EER should be fitful. The advanced
rectal cancer with no transperitoneal and distant metastasis and
the one with the local invasion but resectable would be preferred.
The patients must have no serious disease and could endure the
surgical operation and the anaesthesia. The ERR cleaned all the
upper, lateral and partial lower lymphatic tissue with potential
metastasis, and thus improve the survival rate[7, 8, 26].
The influence of EER to the immune function
For the extended radical resection, the experts in the field of
rectal cancer wondered whether the cleaning of the lymphatic
tissue affected the immune function of the patients. So we
carried out the comparative study of the immune function,
which included the “E” wreath test and the IgA, IgG, IgE
determination before operation and after operation. And the
results showed that the ERR have no negative influence of the
immune reaction.
The problem about how to clean all the nodes with metastasis
and maintain the normal ones
It was not always correct to judge whether it metastasize or not
with nude eyes. That is to say, we could not confirm the Dukes
stage of the rectal cancer during the operation. The misdiagnosis
rate is about 25 %. The lymphatic micrometastasis[30-32] of rectal
cancer, that was a new challenge for judging the lymphatic
metastasis, was investigated by Silva[25] and Sterk et al[35] using
lymphoscintigraphy and lymphangiography[34], but there is still
controversy[34]. Still now, there is no effective method to judge
whether lymphatic metastasis took place in one lymph node
during the operation yet[38].
Key points of studying the principle of lymphatic metastasis
In the European scholar’s studies, the metastasis rate was not
so high and that of lateral way was only 2 %. But the Japanese
scholars showed that the metastasis rate was 10-20 %. There
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was a significant difference between them. So we thought the
following conditions should be important to study the patterns
of lymphatic metastasis: 1.The quantity of lymphatic nodes
resected during the operation must be enough to study. 2. All
the nodes should be checked out by use of correct methods. 3.
The careful pathological examination should be carried out.

Whether ERR would cause more bleeding and trauma
According to our statistics, the average quantity of blood
transfusion in ERR was 760 ml, and that of conventional radical
resection was 700 ml. There was no significant difference
between them. The common damages in rectal operation
included the injuries of ureter, sacral venous plexus and pelvis
autonomic nerve. During the operation, the ureters were
dissociated for about 20 cm, and then the resection of lymphatic
nodes was carried out directly in sight. In our study, the ureterinjury rate in the extended resection was 1.4 % (3/211), and
that in the conventional radical resection was 1.7 % (5/289).
There was no significant difference between the both groups.
The ischemia and necrosis caused by insufficient ureter
dissociation never took place in our study. To avoid the injury
of sacral venous plexus, we should get familiar with the
anatomy of pelvis and operate directly in sight.
Early in 1980s, Japanese experts made lots of researches
on preventing these complications[9,10, 18, 33]. We also began to
carry out the ERR with pelvis autonomic nerve reservation
from 1988. And the rate of post-operative bladder and sex
dysfunction was effectively reduced. The western scholars such
as Mass et al[24] and Di Matteo et al[29] had drawn the similar
conclusions. So we ensured that the functional ERR should
be one of the most satisfactory operations for advanced rectal
cancer.
The relationship between the functional ERR and the total
mesenteric excision (TME)
TME[11-13] was recently paid attention to by the scholars[15, 21, 22, 26]
all over the world. Japanese experts[14, 26] divided the cleaning
of perirectal connective tissue into three regions, A, B and C,
and TME was similar to A region only[14]. Our opinion is that
TME should be one portion of the functional preserved EER.
Early in 1980s, when ERR was established, we mentioned that
total perirectal connective tissue should be resected along the
lateral wall of pelvis, so did in Miles operation. In low anterior
resection (LAR) operation, the perirectal connective tissue
should be resected at least beneath the lower transect of the
rectum. Therefore we believe that a throughout ERR should
include TME.
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Abstract
AIM: To identify the role of survivin in colorectal carcinogenesis
and the relationship between Survivin and histological
differentiation grade of colorectal carcinoma.
METHODS: Immunohistochemical staining of survivin by
using the monoclonal antibody was performed by the
standard streptavidin-peroxidase (SP) technique for the 188
paraffin sections which included 30 normal colorectal
mucosas, 41 adenomas with low grade dysplasia, 30
adenomas with high grade dysplasia, and 87 colorectal
carcinomas which were classified as high, middle and low
differentiated subgroups which included 33, 28, 26 cases
respectively.
RESULTS: Expression of survivin was observed in the
cytoplasm of adenoma with dysplasia and colorectal
carcinoma cells. No immunoreactivity of survivin was seen
in normal mucosas. The positive rate of survivin increased
in the transition from normal mucosas to adenomas with
low grade dysplasia to high grade dysplasia/ carcinomas
(0.0 %, 31.7 %, 56.7 % and 63.2% respectively). But the
difference between high grade dysplasia and carcinomas
had no statistical significance. Positive rate was not related
to histological differentiation grade of colorectal carcinoma.
Moreover, there was no correlation between histological
differentiation grade of colorectal carcinoma and
immunoreactive intensity of survivin.
CONCLUSION: The expression of survivin is the essential
event in the early stage of colorectal carcinogenesis and
plays an important role in the transition sequence and it is
not related to histological differentiation grade of colorectal
carcinoma. It thus may provide a new diagnostic and
therapeutic target in colorectal cancer.
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INTRODUCTION
Disturbance of apoptosis is thought to be very important in
neoplastic transformation and progression. Several tumor

suppressor genes and oncogenes, such as p53 and the bcl-2
family, are involved in regulation of cell apoptosis, which were
thoroughly studied[1-12]. Moreover, a gene family of inhibitor
of apoptosis (IAP) has been identified recently. Survivin, a
novel member of IAP family, directly inhibits caspase-3 and
-7 activity [13] or conjugates caspase-9 [14], and regulates the
cell cycle in the G2/M phase by interact with spindle
microtubules[15]. Survivin shows markedly different tissue
expression compared with other IAPs. It is present during
embryonic and fetal development, but is downregulated in
normal adult tissues. However, it becomes re-expressed in a
variety of cancers[16-20]. The unique feature makes it attractive
as a target for cancer therapy[21]. In this study, we sought to
investigate the expression of survivin in normal colorectal
mucosas, adenomas with low grade dysplasia, adenomas with
high grade dysplasia, and colorectal carcinomas by
immunohistochemical staining method in order to identify
the role of survivin in colorectal carcinogenesis and the
relationship between survivin and histological differentiation
grade of colorectal carcinoma.

MATERIALS AND METHODS
Tissue samples
Tissue specimens used for this study were obtained from 188
patients which were resected surgically or endoscopically at
the 2nd Hospital Affiliated to China Medical University from
1998 to 2002. There were 105 males and 83 females, and the
mean age of the patients was 56.2 years. Materials were
composed of 30 cases of normal colorectal mucosas, 41 cases
of adenomas with low grade dysplasia, 30 cases of adenomas
with high grade dysplasia, and 87 cases of colorectal
carcinomas, their mean ages were 52.3, 55.4, 57.9 and 57.4
respectively. According to histological differentiation grade,
87 cases of colorectal carcinoma were classified to high, middle
and low differentiated subgroups which included 33, 28, 26
cases and the mean ages were 62.0, 57.9, and 51.1 respectively.
The patients had received neither chemotherapy nor radiation
therapy before tumor resection.
Methods
Routinely processed formalin fixed, paraffin embedded, serial
sections of 5 µm were prepared from the cut surface of blocks
at the maximum cross-section. For morphologic analysis,
tissue sections were routinely stained with hematoxylin and
eosin. At least 2 experienced pathologists studied the sections.
The immunohisto- chemical staining for survivin antigen was
carried out by the standard streptavidin /peroxidase (SP)
technique. Briefly, before labeling with primary antibody,
paraffin sections were dewaxed, and then incubated with 30
ml/L hydrogen peroxide for 10 minutes, and antigen retrieval
was performed by boiling in EDTA (0.01M, pH7.4). The
sections were cooled and washed in PBS. Nonspecific
reactions were blocked by incubating the sections in a solution
containing normal serum. The sections were incubated with
a primary antibody overnight at 4 . The anti-survivin
antibody was sc-8806 antibody (Sant Cruz Biotechnology,
Inc) at a 1:50 dilution. Rinsed with PBS, then the sections
were incubated for 30 minutes at 37
with biotinylated
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secondary antibody and streptavidin conjugated to
horseradish peroxidase,respectively. After three rinses with
PBS, the sections were incubated with diaminobenzidine
substrate, then rinsed with distilled water and counterstained
with hematoxylin.

Scoring criteria
The mean percentage of positive cells for the expression of
survivin was determined in at least 5 areas at 400-fold
magnification, and cases with less than 10 % positively stained
cells were defined as negative. Cases with 10 to 29 % positively
stained cells were defined as “ + ”, 30 to 59 % as “ ++ ”, and
60 % or more than 60 % as “ +++ ”. These scorings were
performed in a blinded fashion.
Statistical analysis
The difference and correlation were analyzed by χ2 test. A
value of P<0.05 was considered statistically significant.

RESULTS
By immunohistochemical staining, we examined the
expression of survivin in adenoma-carcinoma sequence.
Representative results were shown in Figure 1. The expression
of survivin was observed in the cytoplasm of the benign and
malignant tumor cells, whereas not in normal tissues. As shown
in Table 1, the positive rate for survivin expression increased
gradually from normal colorectal mucosas to adenomas with
low grade dysplasia, adenomas with high grade dysplasia, and
carcinomas. The expression rates were 0.0 %, 31.7 %, 56.7 %,
and 63.2% respectively. Analyzed by χ2 test, there were
significant differences in the expressions of survivin between
the normal mucosas group and any one of the other groups,
between adenomas with low grade dysplasia and carcinomas,
and between adenomas with low grade dysplasia and adenomas
with high grade dysplasia (P<0.05), while there were no
significant differences between adenomas with high grade
dysplasia and carcinomas (χ2=0.40, 0.5< P<0.75).

N1

N2

D1

D2

C1

C2

Figure 1 Immunohistochemical staining of survivin in adenoma-carcinoma sequence. The expression of survivin was observed in
the cytoplasm of the benign and malignant tumor cells, whereas not in normal tissues. N: normal tissue. D: adenoma with
dysplasia; C: carcinoma; 1: ×200 fold; 2: ×400 fold.
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Table 1 Expression of survivin in the colorectal carcinogenesis
Lesion

Normal mucosas
Adenomas with low
grade dysplasia
Adenomas with high
grade dysplasia
Carcinomas

Expression intensity

n

Expression
rate %

-

+

++

+++

30
41

30
28

0
7

0
5

0
0

0.0
31.7

30

13

3

7

7

56.7

87

32

8

20

27

63.2

To study the relationship between survivin and histological
differentiation grade of colorectal carcinoma, 87 cases of
colorectal carcinoma were classified to high, middle and low
differentiated subgroups. The results were shown in Table 2.
Analyzed by χ2 test, there were no significant differences in
the expressions of survivin among the subgroups (P>0.90).
Mo reo ver , there was no relation ship between the
differentiation grade of colorectal carcinoma and the
expression intensity (P>0.75).
Table 2 Correlation between the differentiation grade of
colorectal carcinoma and the expression intensity of survivin
Lesion

High differentiation
Middle differentiation
Low differentiation
Total

Expression intensity

n

33
28
26
87

-

+

++

12
11
9
32

3
2
3
8

10
4
6
20

Expression
rate %
+++
8
11
8
27

63.6
60.7
65.4
63.2

DISCUSSION
The development of colorectal carcinoma proceeds through a
series of genetic changes involving the activation of oncogenes
and loss of tumor suppressor genes. During this process, a
disturbance in the balance between cell proliferation and
apoptosis may underlie neoplastic development. Previous
investigations have well studied the role of p53 and bcl-2
family [1-12]. The IAPs is a widely expressed gene family of
apoptosis inhibitors. Survivin, a novel and structurally unique
member of the IAP gene family, is the strongest apoptosis
inhibitor. A characteristic finding of survivin is that it is
expressed during embryonic and fetal development but not in
normal adult differentiated tissues, and prominently
reexpressed in the most common human carcinomas. The
mechanism is unclear. In this study, we aimed to identify the
role of survivin in colorectal carcinogenesis and the relationship
between survivin and histological differentiation grade of
colorectal carcinoma.
In our study, we demonstrated that survivin was not
expressed in normal colorectal mucosas, which coincided with
previous reports. The expression of survivin was localized in
the cytoplasm of the adenoma and carcinoma cells, and the
positive rate for survivin expression increased gradually from
normal colorectal mucosas to adenomas with low grade
dysplasia, adenomas with high grade dysplasia, and to
carcinomas. The expression rates were 0.0 %, 31.7 %, 56.7 %
and 63.2 % respectively. Analyzed by χ2 test, there were
significant differences in the expressions of survivin between
the normal mucosa group and any one of the other groups
(P<0.05), between adenomas with low grade dysplasia and
carcinomas (P<0.05), and between adenomas with low grade
dysplasia and adenomas with high grade dysplasia, while there
were no significant differences between adenomas with high
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grade dysplasia and carcinomas. We analyze the adenomas
with high grade dysplasia and the carcinoma groups. The
positive rates of them were 56.7 % and 63.2 % respectively,
and the total number of cases were 30 and 87 respectively,
then, the value of χ2 was 0.40 and P was more than 0.5 but
less than 0.75. Thus, we consider that there is no difference
between them. This result has not been analyzed by other
studies, but it coincides with the clinical practice that the
treatment of adenomas with high grade dysplasia is similar to
that of the carcinomas.
To study the relationship between survivin and histological
differentiation grade of colorectal carcinoma, 87 cases of
colorectal carcinoma were classified to high, middle and low
differentiated subgroups. The number of cases were 33, 28, and
26 respectively, and the positive rates were 63.6 %, 60.7 % and
65.4 % respectively. Analyzed by χ2 test, there was no
significant difference in the expressions of survivin among
the subgroups (P>0.90). Moreover, there was no relationship
between the differentiation grade of colorectal carcinoma and
the expression intensity (P>0.75). These results conflict with
those of Wang Mei et al[22], who thought the expression of
survivin was related to the tumor histological grade in cervical
carcinoma. These may be due to the different tissue origin.
There was no significant difference in the expressions of
survivin among the different grade of colorectal carcinoma,
which makes it possible to use survivin as a tumor-specific
target for therapy or diagnosis. That is, no matter what historical
grade the colorectal carcinoma is, the cancer can be diagnosed
by detecting survivin and be treated by targeting survivin.
Meanwhile, the normal cells will not be killed because survivin
is not expressed in normal cells. Survivin is an attractive
candidate for cancer therapy. Therefore, our study gives some
directions to diagnose and treat colorectal cancer. Whether the
expression of survivin can predict prognosis in cancer or not
is still under discussion[23-36].
Survivin, a novel mammalian IAP molecule, has interested
scholars for its unique developmentally regulated expression
and mechanism. There are still many problems to be solved,
such as the molecular mechanism for its selective expression,
the details about its anti-apoptosis, and so on. The targeting
therapy is just beginning. Therefore, it is worthy to be further
studied to settle a firm basis of tumor diagnosis and therapy.
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Abstract
AIM: To characterize the host response to hepatitis B virus
(HBV) infection in human hepatocytes transplanted into
immunocompetent rodent rats tolerized by, and transplanted
with primary human hepatocytes.
METHODS: One week after the transplantation, rats were
inoculated with HBV, and viral gene expression, replication,
and host response was monitored.
RESULTS: HBV DNA was detectable in serum for at least
60 days. HBsAg levels rose steadily for 3 weeks postinoculation and then plateaued at a level of about 0.6 pg/
ml. HBV RNA was also found in liver at levels that remained
constant through the time course. Immunofluorescence
revealed clusters of hepatocytes that stained positive for
HBcAg. The presence of HBV covalently closed circular DNA
(cccDNA) in liver was demonstrated using nuclease digestion
of single-stranded DNA followed by PCR. Serum ALT levels
rose and reached a peak level of 180 IU/L on day 18, but
remained elevated for 60 days. Histology revealed a
progressive predominantly mononuclear lobular hepatitis.
CONCLUSION: These data indicate that human hepatocytes
transplanted into rats rendered tolerant to these cells, when
infected by HBV, results in biochemical as well as histological
evidence of hepatitis that accompanies viral gene expression,
and DNA replication.
Wu CH, Ouyang EC, Walton C, Promrat K, Forouhar F, Wu
GY. Hepatitis B virus infection of transplanted human
hepatocytes causes a biochemical and histological hepatitis
in immunocompetent rats. World J Gastroenterol 2003; 9
(5): 978-983
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INTRODUCTION
It has been shown recently that primary human hepatocytes
can be transplanted into rats and infected with human hepatitis

B virus[1]. This was accomplished by rendering normal rats
tolerant to human hepatocytes by intrafetal injection of primary
hepatocytes. The rats were then transplanted with the same
batches of cells, and then infected by inoculation of those
animals with purified HBV. This resulted in production of HBV
antigens. The current studies were performed to evaluate the
effects of this infection on the host liver.

MATERIALS AND METHODS
Animals
Pregnant Sprague-Dawley rats, 250 to 300 g of body weight
(Charles River Co., Inc., Wilmington, MA) were maintained
on 12 hour light-dark cycles, and fed ad lib with standard rat
chow in the Center for Laboratory Animal Care at the
University of Connecticut Health Center. All animal procedures
were approved by Institutional Animal Care and Use
Committee and conformed to USDA and NIH animal usage
guidelines.
Cells
Human hepatocytes were obtained from Clonetics Corp
(Walkersville, MD). HepG2 2.2.15 [2] cells, a transformed
human liver cell line that constitutively produces infectious
HBV, were grown in Dulbecco Modified Eagle’s medium
(DMEM) with 10 % fetal bovine serum (FBS) and antibiotics.
Intrafetal intraperitoneal injections of human hepatocytes
Rats were rendered tolerant to human hepatocytes by intrafetal
injection of those cells as described previously[1]. In brief, at
15 to 17 days of gestation, groups of pregnant rats were
anesthetized by intramuscular injections of ketamine (40 mg/
kg body weight) and xylazine (5 mg/kg body weight) as
described previously[3]. Laparatomies were performed under
sterile conditions; gravid uteri were exposed, and
transilluminated by a high intensity lamp (Fiber-lite MI-150,
Dolan-Jenner Industries, Lawrence, MA). Human hepatocytes,
1×105 cells in 10 µl PBS, were injected through the uterine
wall into the peritoneal cavities of rat fetuses using a sterile
200 µl Hamilton syringe with a 28 gauge beveled point needle
(Hamilton Inc., Reno, NV).
Cell transplantation
Within 24 hours of birth, newborn rats were placed on ice for
2-5 min, and 2×106 human hepatocytes in 200 µl PBS were
injected into the spleen by sterile Hamilton syringe.
Sample collection
Peripheral blood samples were drawn from tail veins, spun,
and serum stored at -20 . Liver samples were collected
either by sacrificing animals or by performing partial
hepatectomies. Samples were fresh frozen in liquid nitrogen,
and stored at -80 .
HBV inoculation of rats
One week following human hepatocyte transplantation,
tolerized rats were inoculated with 105 HBV particles in 100
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µl TEN (0.02 M Tris-HCl, pH 7.5, 1 mM EDTA, 0.15 M NaCl)
buffer by intrasplenic injection. Controls consisted of tolerized
neonatal rats from the same litter that did not receive human
hepatocyte transplantation, but were also inoculated identically
with HBV, as well as tolerized rats from the same litter that
transplanted with human hepatocytes, but no HBV, and
tolerized rats from the same litter with saline injection only.

Detection and quantitation of HBsAg in serum
Levels of HBsAg in rat serum were measured as a function of
time after inoculation using an enzyme-linked immunoassay
kit for HBV surface antigen (Abbott Labs) according to the
manufacturer’s protocol. Antigen was quantitated using a
spectrophotometer at 492 nm. Assays were done in triplicate,
and the results expressed as means ± S.D. in units of pg/ml
serum.
Detection and time course of HBV DNA in serum
To detect circulating virus, HBV DNA was extracted from
30 µl of rat serum, incubated with 100 µg/ml proteinase K
in 0.05 M Tris-HCl, pH 8.0, 0.1 M EDTA and 0.5 % SDS,
overnig ht at 55
. DNA was pur ified b y p heno lchlor of o rm extr action [4 ] . An an tisen se p rim er 5’ ATCTTCTGCGACGCGGCGATGGAGATC-3’ and a sense
primer 5’-CTCTGCTGGGGGGAATTGATGACTCTAGC-3’
were used to generate an expected 355 bp fragment of adw
HBV genome spanning nt 2079-2434. One third of total cDNA
was mixed with 100 pmol of amplification primers, and 2.5 U
Taq polymerase, and amplified by 1 cycle of 94 for 3 min;
38 cycles of 94 for 1 min, 55 for 1 min, 72 for 1 min;
and the final elongation reaction at 72 for 5 min. The PCR
products were analyzed on 1.0 % agarose gels in Tris-borateacetate buffer and visualized by ethidium bromide staining.
Detection and time course of HBV RNA levels in rat liver
Total liver RNA was extracted from 100 mg liver samples
from rats tolerized only, rats tolerized and transplanted with
human hepatocytes, rats tolerized and transplanted with human
hepatocytes followed by HBV inoculation. Samples obtained
at 1, 6 and 14 weeks following HBV inoculation were
homogenized in a guanidinium isothiocyanate solution[5]. RNA
concentrations were determined by spectrophotometric
measurement, and samples either used immediately or stored
at -80 . In some experiments, total RNA was passed through
an oligo-dT cellulose column and poly A(+) RNA isolated[6].
10 µg total RNA or 1 µg poly A(+) RNA was reverse
transcribed using reverse transcriptase (Gibco/BRL Life
Technologies) with random primers. One third of the reverse
transcriptase reaction sample was used for PCR generation of
a 355 bp fragment using the same primers as mentioned above.
One third of total RNA was mixed with 100 pmol of
amplification primers, and 2.5 U Taq polymerase, and
amplified for 1 cycle at 95 for 5 min; 38 cycles at 95 for
5 min, 55 for 1 min, 72 for 1 min; and the final elongation
reaction at 72
for 5 min. The PCR products were analyzed
on 1.0 % agarose gels in Tris-borate-acetate buffer and
visualized by ethidium bromide staining.
Detection of HBcAg in rat liver
Immunohistochemical staining was performed as described
previously [1]. In brief, frozen rat liver tissue slides were
immersed in acetone for 2 min at 25 and washed with PBS
(pH 7.4). Endogenous peroxide activity was blocked by
incubation in a solution containing hydrogen peroxide (Sigma)
and methanol for 20 min at 25 . Slides were washed with
PBS (pH 7.4), and non-specific activity was blocked by
incubation in PBS (pH 7.4) and 1 % BSA (Sigma) for 10 min
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at 25 . Primary antibody, rabbit anti-HBV core (Sigma),
was diluted 1: 1 000 in PBS (pH 7.4) and 1 % BSA and slides
were incubated with primary antibody for 3 hrs at 25 .
Washes were performed using PBS (pH 7.4) and 1 % BSA
with 1 % Tween-20 (Sigma). Secondary antibody, rhodamine
conjugated anti-rabbit IgG (Jackson ImmunoResearch Lab.,
West Grove, Pa), was diluted 1:200 in PBS (pH 7.4) and 1 %
BSA. Slides were incubated for 1 hour at 25
and washed
with PBS and 1 % BSA with 1 % Tween-20, and finally washed
in PBS (pH 7.4). Slides were sealed and immunofluorescence
visualized using a Zeiss Scanning laser confocal microscope
(Model LSM-410).

Detection of HBV cccDNA in rat liver
Low molecular weight DNA was isolated using fractionation as
described by Yeh, et al.[7] and originally by Hirt[8]. 5 µg of
extracted DNA were subjected to the following conditions: (a)
no treatment or (b) digestion with 0.1 unit of Mung Bean nuclease
(New England Biolabs, Beverly, MA) in 50 mM sodium acetate
(pH 5.0), 30 mM NaCl, 1 mM ZnCl2 at 25
for 5 min and
inactivation at 70 for 15 min. Samples were then mixed with
100 pmol primers in 1×PCR buffer (Invitrogen, Carlsbad, CA),
500 mM MgCl 2, 100 mM dNTPs, and 2.5 U Taq DNA
polymerase (Invitrogen). The cycler was programmed for 5 min
at 95 , 2 min at 55 , 38 cycles of 1 min at 95 , 1 min at
with a final cycle of 5 min at 72 .
55 , 1 min at 72
Samples were analyzed on a 1 % agarose gel stained with
ethidium bromide. The primers used were: a 21-mer sense
strand (5’ AGGCTGTAGGCACAAATTGGT 3’) and a 20mer antisense strand (5’ GTATGGTGAGGTGAGCAATG 3’)
spanning 1 780 to 2 060 of the adwR2 HBV genome which
generates a predicted 280 bp fragment after PCR.
Serum aminotransferase assays
To detect possible liver damage following inoculation of HBV,
10 µl aliquots of rat serum were assayed for ALT
spectrophotometrically using kits (Sigma) as instructed by the
manufacturer. All assays were performed in triplicate and
results expressed as means ±S.D. in units of IU/L.
Liver histology
Liver specimens were fixed in formalin, and stained with
hematoxylin and eosin to evaluate liver architecture, and
cellular reaction, and examined in a blinded fashion.
RESULTS
Time course of HBV DNA and HBsAg in serum
Figure 1 showed the results of assays of serum for HBsAg and
HBV DNA as a function of time after inoculation of HBV into
rats tolerized and transplanted with human hepatocytes cells.
Surface antigen levels were detectable at a level of 0.2 pg/ml
on day 1, declined slightly by day 4, but increased to a
maximum of 0.7 pg/ml by day 21. There was no significant
change in levels thereafter as the levels plateaued through day
60. Serum HBV DNA was detected on day 7, and remained
positive on up to day 70 of post-inoculation. These data
confirmed the results from our previous study[1], and were
presented here to show the dynamics of the parameters in a
single figure.
HBV mRNA is present in livers from transplanted and HBV
inoculated rats
To be certain that the HBsAg detected in serum was actually
produced in the liver, and not simply remnants of injected virus,
the presence of viral messenger (poly A(+) RNA) was sought
in liver by RT-PCR as a function of time after inoculation.
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Figure 2 showed that, as expected, neither normal untreated
rat liver, lane 2, nor Huh7, a transformed human liver cell
line, lane 3, produced any signal corresponding to the expected
355 bp fragment from amplification of HBV RNA in the corepolymerase reading frames. As a positive control, RNA from
HepG2 2.2.15 cells which constitutively produced infectious
HBV particles, lane 4, did produce a band of the predicted
size. Livers from rats tolerized and transplanted with human
hepatocytes and subsequently inoculated with HBV, also
produced a band at 355 bp when assayed after one week, lane
5. This signal remained detectable at week 6, lane 6, and
through week 14, lane 7.
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Figure 3A could not have been due to uptake or artifact from
the input injected virus. Similarly, control untreated rats in
Figure 3C had no HBcAg staining confirming that the observed
results in Figure 3A were not due to non-specific cross
reactivity to a rat antigen.

Serum HBsAg (pg/ml)
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Figure 1 Composite time course of HBsAg, HBV DNA in
serum. Levels of HBsAg in rat serum were measured as a function of time after inoculation using an enzyme-linked immunoassay kit as described in Materials and Methods. Assays were
done in triplicate, and the results expressed as means ±S.D. in
units of pg/ml serum. HBV DNA was extracted from rat serum,
and amplified with primers spanning nt 2 079-2 434 of the adw
HBV genome. Upper panel, serum positive for HBV DNA.
Lower panel, HBsAg levels.
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Figure 2 Detection and time course of HBV RNA in liver. Poly
A(+) RNA from livers were isolated, reverse transcribed and
amplified by PCR as described in Materials and Methods to
generate a 355 bp fragment. Lane 1, molecular size markers;
lane 2, normal untreated rat liver; lane 3, Huh7 human liver
cell line; lane 4, HepG2 2.2.15 cells which constitutively produce infectious HBV particles. Livers from rats after tolerization
and transplantation with human hepatocytes and subsequent
inoculation with HBV after 1 week, lane 5; 6 weeks, lane 6, and
14 weeks, lane 7.

HBcAg was detectable in HBV infected rats
To obtain evidence of HBV replication, the presence of HBcAg
was sought by immunofluorescence. Figure 3 showed a
representative immunofluorescence pattern from the liver of a
rat tolerized and transplanted with human hepatoctyes, and
subsequently inoculated with HBV. Clumps of cells can be
seen with cytoplasmic staining for HbcAg, Figure 3A. In
contrast, livers from rats without transplantion, but inoculated
with the same amount of HBV as the rat in Figure 3A had no
staining, Figure 3B, indicating that the observed staining in

Figure 3 Detection of HBcAg in livers of rats transplanted
and inoculated with HBV. Livers were removed 14 weeks after
inoculation with HBV, incubated with anti-HbcAb and
rhodamine-conjugated secondary antibody as described in
Materials and Methods. Figure 3A, a rat tolerized,
transplanted, and inoculated with HBV; Figure 3B a rat
tolerized and inoculated, but not transplanted; Figure 3C, an
untreated rat.

HBV cccDNA is detectable in HBV infected rat liver
Further evidence supporting HBV replication was obtained
from assays for HBV covalently closed circular DNA
(cccDNA). In these experiments, Mung Bean nuclease, a DNA
nuclease with a cleavage preference for single-stranded DNA
was used to distinguish partially double stranded viral DNA
from completely double stranded cccDNA. At low
concentrations of enzyme, the partially double-stranded region
DNA of the virus should be digested, and only cccDNA should
survive exposure to the nuclease. In Figure 4, lane 2 showed
that media from HepG2 2.2.15 cells known to secrete intact
virus into the medium, produced after amplification, a band
corresponding to an expected size of 280 nt. However, lane 3
showsed that when first digested with Mung nuclease, and then
amplified, no signal could be produced even with 5 times the
amount of DNA sample from media compared to lane 2. DNA
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extracted from cell layers of HepG2 2.2.15 cells produced a
smear when amplified as shown in lane 4. However, prior
exposure to Mung nuclease yielded a surviving band at 280 nt
indicating that Mung nuclease resistant DNA was present in
the low molecular weight extracts of the cell layers. Lane 6
showed that DNA extracted from livers of rats tolerized,
transplanted and inoculated with HBV also generated a smear
in the absence of nuclease. However, lane 7 showed that even
after prior exposure to Mung nuclease, a 280 nt band spanning
the partially double stranded region in the virus was still
evident, supporting the presence of cccDNA in that rat liver.
In contrast, DNA from rats without transplantion, but
inoculated with the same amount of HBV DNA failed to
generate any signal with, lane 9, or without nuclease, lane 8,
indicating the signal detected in lane 7 was not due to an artifact
of input viral DNA. Similarly, liver from untreated rats failed
to generate the 280 nt band either with or without nuclease
digestion, lanes 11, and 10 respectively, indicating that the
observed band in lane 7 was not due to nonspecific
amplification of host rat sequences.
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rials and methods. All assays were performed in triplicate and
results expressed as means ±S.D. in units of IU/L. Rats tolerized
transplanted and inoculated with HBV, open triangles; rats
inoculated with HBV, had a slight increase in ALT on the first
day, solid squares; rats transplanted, but not inoculated with
HBV, open squares.
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Alanine aminotransferase (IU/L)

Figure 4 Detection of HBV cccDNA in liver. Low molecular
weight DNA was extracted from liver, digested with Mung
Bean nuclease or amplified by PCR without nuclease digestion as described in Materials and Methods. Lane 1, molecular
weight markers; lane 2, 5 µg DNA from HepG2 2.2.15 cell media (containing partially double stranded viral DNA); lane 3,
25 µg DNA from HepG2 2.2.15 cell media plus 0.1 U Mung
Bean nuclease pretreatment; lane 4, 5 µg DNA from HepG2 2.
2.15 cell layer; lane 5. 5 µg DNA from HepG2 2.2.15 cell layer
plus 0.1 U nuclease pretreatment; lane 6, 5 µg liver DNA from
a tolerized, transplanted and HBV inoculated rat; lane 7, 5 µg
liver DNA from a tolerized, transplanted and HBV inoculated
rat; plus 0.1 U nuclease; lane 8, 5 µg liver DNA from a nontransplanted rat inoculated with HBV; lane 9, 5 µg liver DNA
from a non-transplanted rat inoculated with HBV plus 0.1 U
nuclease; lane 10, 5 µg DNA from an untreated rat; lane 11, 5
µg DNA from an untreated rat plus 0.1 U nuclease; lanes 1
and 12, molecular size markers.
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Figure 5 Time course of ALT. To detect possible liver damage
following inoculation of HBV, aliquots of rat serum, 10 µl, were
assayed for ALT spectrophotometrically as described in Mate-

B

C
Figure 6 Histological examination. Liver specimens were obtained at various time points after inoculation with HBV, fixed
in formalin and stained with hematoxylin and eosin as described in Materials and Methods. Figure 6A, 1 week; Figure
6B, 6 weeks, Figure 6C, 14 weeks.

HBV infection results in biochemical evidence of liver damage
To determine whether HBV inoculation was associated with
liver damage, serum alanine aminotransferase (ALT) activities
were measured as a function of time after inoculation. Figure
5 showed that in animals that were transplanted with human
hepatocytes, and inoculated with HBV, ALT levels rose from
normal levels of 20 IU/L on the first day to a peak of 180 IU/
L on day 18, and remained significantly above normal
throughout the study with a value of 160 IU/L on day 60. In
contrast, rats which were not transplanted, but were inoculated
with HBV, had a slight increase in ALT on the first day, but
returned to normal levels throughout the course. Rats that were
transplanted, but not inoculated with HBV, had no increases
in ALT levels at any time.
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Histology confirms an immune response following HBV
inoculation
To determine whether the biochemical abnormalities were
associated with any pathological evidence of liver damage,
livers were examined histologically as a function of time after
HBV inoculation. Figure 6A showed no significant
abnormalities at one week after inoculation. However, by the
sixth week, Figure 6B, there was moderate inflammation
characterized by lymphocytic and neutrophilic infiltration of
the lobules, Kupffer cell hyperplasia, and mild portal
inflammation. Figure 6C showed that at 14 weeks of postinoculation, the inflammation was maintained, with
characteristics similar to that seen in Figure 6B: moderate
lobular hepatitis with lymphocytic and neutrophilic infiltration
in the lobules and portal inflammation. There were no
significant differences in fibrosis among any of the samples.
Control livers from rats transplanted, but not inoculated with
HBV, or rats not transplanted, but were inoculated with HBV
failed to show any inflammation (data not shown). These data
taken together with the ALT measurements indicated that
inoculation of HBV into rats transplanted with human
hepatocytes was associated not only with viral replication, but
also liver damage mediated at least in part by a host immune
response.
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HBV was not totally unexpected, the development of liver
damage was. It is generally accepted that the majority of the
liver damage by human hepatitis B viral infection in man is
due to the host immune response. However, in the case of our
model, because of the mismatch between host rat immunocytes
and human hepatocyte MHC, no significant recognition or
interaction between HBV antigens and immune cells was
anticipated. Thus, the finding of evidence of hepatitis was
surprising. However, non-specific immune-mediated toxicity
has been described in other systems[19]. The mechanism of the
response observed in the present study in unknown, and is
presently under investigation.
Nevertheless, the model system in its present form may be
useful in the evaluation of new antiviral agents for efficacy,
including those with immunostimulatory properties that can
only be assessed in the presence of a functional immune system.
Eventually, models such as this might also permit evaluation
of hepatocyte toxicity of agents as well.
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Abstract
AIM: Clinical therapy and prognosis in HCV infections are
not good, and mix-infections with different HCV genotypes
or quasispecies and mix-infections with HCV plus other
hepatitis viruses are important concerns worldwide. The
present report describes the sequence diversity and
genotying of the 5’NCR of HCV isolates from hepatitis
patients mix-infected with different HCV genotypes or
variants, and the conditions of mix-infections with HCV plus
other hepatitis viruses, providing important diagnostic and
prognostic information for more effective treatment of HCV
infections.
METHODS: The 5’ non-coding region (5’NCR) of HCV was
isolated from the patients sera and sequenced, and
sequence variability and genotypes of HCV were defined
by nucleotide sequence alignment and phylogenetic
analysis, and the patients mix-infected with HCV plus other
hepatitis viruses were analyzed. The conditions and clinical
significance of mix-infections with HCV plus other hepatitis
viruses were further studied.
RESULTS: Twenty-four out of 43 patients with chronic
hepatitis C were defined as mix-infected with different
genotypes of HCV. Among these 24 patients, 9 were mixinfected with genotype 1 and 3, 7 with different variants
of genotype 1, 2 with different variants of genotype 2, 6
with different variants of genotype 3. No patients were
found mix-infected with genotype 1 and 2 or with genotype
2 and 3. The clinical virological analysis of 60 patients mixinfected with HCV plus other hepatitis viruses showed that
45.0 % of the patients were mix-infected with HCV plus
HAV, 61.7 % with HCV plus HBV, 6.7 % with HCV plus
HDV/HBV, 8.4 % with HCV plus HEV, 3.3 % with HCV plus
HGV. Infections with HCV plus other hepatitis viruses may
exacerbate the pathological lesion of the liver.
CONCLUSION: The findings in the present study imply

that mix-infections with different HCV genotypes and mixinfections with HCV plus other hepatitis viruses were
relatively high in Yunnan, China, providing important
diagnostic and prognostic information for more effective
treatment of HCV infections.
Chen YD, Liu MY, Yu WL, Li JQ, Dai Q, Zhou ZQ, Tisminetzky
SG. Mix-infections with different genotypes of HCV and with
HCV plus other hepatitis viruses in patients with hepatitis C in
China. World J Gastroenterol 2003; 9(5): 984-992
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INTRODUCTION
Hepatitis C virus (HCV) is the major causative agent of nonA, non-B pasttransfusional hepatitis, possessing a positivestranded RNA genome of 9.4 kb[1]. Since the discovery of HCV,
investigations showed that HCV genome has great diversity,
proposing that HCV isolates be classified into different groups
(genotypes) or subtypes. HCV sequence diversity observed
among isolates relevant to the process of viral evolution as it
occurred during the history of human populations[2]; therefore,
it has been largely exploited to classify viral variants showing
different epidemiological and pathogenic features [3] .
Conversely genetic diversity within individuals is more
pertinent to the long-term adaptation of the virus to the host
and reflect the dynamics of viral population and the selective
mechanisms operating during the course of the infection[4],
formation of persistent and chronic infections[5,6].
Clinic therapy and prognosis in HCV infections are not
good. More than 50 % of individuals exposed to HCV develop
chronic infection, and of those individuals chronically infected,
approximately 20 % to 30 % will develop liver cirrhosis and/
or hepatocelullar carcinoma when followed a twenty to thirty
years[5,7]. For those results, in addition to HCV infection, mixinfection (co-infection or super-infection) with HCV plus other
hepatitis viruses might have important significance in these
situations. It was previously believed that some of the
individuals with hepatitis C might in fact be mix-infected by
HCV plus other hepatitis viruses. In such cases, HCV viremia
clearance might be observed after clinical treatment directed
to HCV infection, but the serum ALT level be not normalized
or only transiently decreased. Mix-infection with HCV plus
other hepatitis viruses is an important concern worthy further
investigation.
The present report described the sequence diversity and
genotying of the 5’NCR of HCV isolates from hepatitis patients
mix-infected with different HCV genotypes or variants, and
the conditions of mix-infections with HCV plus other hepatitis
viruses in Yunnan, China.
MATERIALS AND METHODS
Subjects
The cases described in this study are all Chinese patients in
Yunnan province clinically diagnosed with liver diseases mixinfected with different HCV genotypes or variants, or with
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HCV plus other hepatitis viruses. The serum specimens were
collected from the patients for virological tests.

Sequencing and genotyping of HCV genome
HCV-RNA extraction HCV-RNA was extracted from the
sera of patients with hepatitis C by the guanidinium lysis and
phenol-chloroform method described previously[8]. The HCV
RNA extract from 450 µl of serum was finally dissolved in 45
µl of distilled water.
HCV PCR HCV-positive serum specimens were obtained
from patients with hepatitis infected by HCV, and the details
of RT-PCR method used to generate the double-stranded cDNA
fragment have been described elsewhere [8], with some
modification. Briefly, 45 µl of RNA was extracted from 450
µl of serum as described previously, and the antisense primer
AS-1 (5’-GTGCACGGTCTACGAGACCT-3’) derived from
the 5’NCR was used in a reverse transcriptase reaction to generate
a cDNA copy of the antisense strand. Synthesis of HCV cDNA
was performed from 2 µl of RNA extract, mixed with 13 µl of
pre-RT buffer (50 mM Tris-HCl, 50 mM KCl, 10 mM MgCl2,
0.5 mM spermidine, 10 mM DTT, 1.25 mM of the four dNTPs
[Promega Biological Products Ltd., Shanghai, China] and 150
ng of the AS-1). After heat treated for 30 s at 92 and quick
chilling, the above mix was added with 5 µl of RT buffer
containing 20 u of RNasin and 10 u AMV reverse transcriptase
(Promega, Shanghai, China) and then incubated for 1 hr at 42 .
Twenty microliters of cDNA from each reverse transcriptase
reaction was used as a template for the first subsequent PCR
in a DNA Thermal Cycler (Perkin-Elmer/Cetus, CA., USA).
The first PCR was performed in a reaction volume of 100 µl
containing 10 mM Tris-HCl (pH9.0), 50 mM KCl, 25 mM
MgCl2, 0.1 % Triton x-100, 5 mM of each dNTPs, 5 u Taq
DNA polymerase [Promega], 150 ng of primers AS-1 and S-1
(5’-GCCATGGCGTTAGTATGAGT-3’) and 20 µl of cDNA.
The PCR was performed for 30 cycles at 94 for 45 s, 56
for 45 s and 72
for 45 s.
Cloning and sequencing One µl aliquot of the first PCR product
(comprising nucleotides -240 to -22) was used as a template for
the second of PCR amplification, using a new pair of primers
AS-2 (5’-CGGGGAGCTCGCAAGCACCCTAT-3’), S-2 (5’GTCGTGGTACCTCCAGGACC-3’). The conditions of the
second PCR reaction were the same as described above, except
the primers AS-2 and S-2 which induced restriction
endonuclease sites (underlined) Kpn I (GGTACC) and Sac I
(GAGCTC) on the 5’- and 3’-end of the PCR product. The
second PCR product (comprising nucleotides -220 to -47) was
then cut with enzymes Kpn I/Sac I and inserted into pBluescript
II K/S +/- (pBS) cloning vector by standard procedures. Clones
were sequenced by the dideoxy chain termination method with
phage T7 DNA polymerase ( T7Sequencing TM, Pharmacia
Biotech Inc. USA) (Figure 1). To minimize sequencing errors
due to sequencing reaction and electrophoresis artifacts, all
the clones were sequenced in both directions.
Sequence analysis To make a comparative analysis with
reported sequences, sequences of the 5’NCR were compared
with the consensus sequence of HCV-1[9]. Genalign was used
for sequence alignments and comparison (Intelligenetics). A
phylogenetic tree for HCV was constructed by the previously
described method[10]. Briefly, evolutionary distance (i.e. those
corrected for multiple substitution) between pairs of sequences
were estimated using the DNADIST program in the PHYLIP
package[11]. Phylogenetic analysis was carried out using the
programs DNADIST, NEIGHBOR and DRAWTREE in the
PHYLIP package[11].
Seral and virological tests
Anti-HAV detection Serum anti-HAV IgM was examined
with an ELISA kit (Beijing Science & Health Clinic
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Diagnostics Company, Beijing) as described in the manual.
HBV detection HBV infection markers including HBsAg,
anti-HBs, anti-HBc, HBeAg were examined with ELISA kits
(Beijing Biochemical & Immunological Reagent Company,
Beijing). HBV-DNA was examined by PCR. The patients
positive for at least two of the above markers were considered
HBV-infected cases.
HCV detection Serum anti-HCV was examined with a second
generation ELISA kit (AxSYM, Abbott Laboratories
Diagnostics Division, USA) and the 5’NCR of HCV genome
was examined by reverse transcription PCR (RT-PCR) as
described previously[8]. The patients positive for both anti-HCV
and HCV-RNA were considered HCV-infected cases.
Anti-HDV detection Serum anti-HDV was examined with
an ELISA kit (Beijing Science & Health Clinic Diagnostics
Company, Beijing).
Anti-HEV detection Anti-HEV IgM was examined with an
ELISA kit (Genelab Diagnostics PTE LTD, Singapore).
Anti-HGV detection HGV-RNA was examined by RT-PCR
with HGV specific primers[12].
Serum ALT detection Serum ALT was examined by Rate’s
method.

Statistical analysis
Statistical analysis was performed using the Mann Witney test
and Fisher’s exact test[13].
Nucleotide sequence accession numbers
The nucleotide sequence data reported in this study have been
deposited in the Genbank and EMBL Databases under the
following accession numbers: AJ388314 to AJ388391.
Genbank accession numbers of the previously reported
sequences cited in this study are HCV1 (1a), M62321; HCVJ
(1b), D90208; HC-J6 (2a), D00944; HC-J8(2b), D10988; NE92
(2d), X78862; Eb1 (3a), D10114; HCV-TR (3b), D11433;
NE048 (3c), D16612; NE125 (3f), D16614; IND1751 (3g),
X91421; T983 (2c), Ref. 14.
RESULTS
Mix-infections with different HCV genotypes or variants and
sequence diversity
Forty-three serum samples from HCV antibody-positive
patients with chronic hepatitis were analyzed by RT-PCR. The
alignment of the DNA sequences (Figure 1 and 2) showed
that 24 patients were mix-infected with different HCV
genotypes or variants. Among these 24 patients, 9 were mixinfected with genotype 1 and 3 (Figure 1), 7 with different
variants of genotype 1, 2 with variants of genotype 2, and 6
with variants of genotype 3 (Figure 2). There were no patients
mix-infected with genotype 1 and 2 or mix-infected with
genotype 2 and 3. Phylogenetic analysis with DNADIST
(Figure 3 and 4) clearly demonstrated these results.
Nineteen isolates were cloned from the nine patients mixinfected with genotype 1 and 3 (Figure 1). Of them only 2
isolates (YS233-3 and YS245-3) were found possessing the
sequence completely identical to the previously reported
genotype 1b (HCVJ)[15]. Two isolates (YS203-3 and YS2322) possessed high sequence homology with genotype 1b. The
remaining sequences were quite different from the existing
(classified) genotypes reported previously.
Fourteen isolates were cloned from the seven individuals
mix-infected with different variants of genotype 1, and only 2
isolates (YS246-2 and YS248-1) were found possessing the
sequences completely identical to HCVJ (1b). Four isolates
were cloned from the two patients mix-infected with different
variants of genotype 2, and only one (R4-1) was found
possessing sequence quite similar to T983 (genotype 2c)[14].
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HCV1

(1a)

TCCCGGGAGA GCCATAGTGG TCTGCGGAAC CGGTGAGTAC ACCGGAATTG CCAGGACGAC CGGGTCCTTT CTTGGATCAA CCCGCTCAAT

HCVJ

(1b)

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS203-3

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS215-2

----------

----------

-T- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T- - - - - - - - - - - -

YS232-2

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS233-3

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS239-2

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - -

YS241-2

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - -

YS243-2

- - - - - AA- - -

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - -

YS245-3

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

R19-3

----------

----------

-T- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T- - - - - - - - - - - -

Eb 1

(3a)

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - TG - - GT- - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - -

HCV-TR (3b)

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - T- - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - -

YS203-5

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - -

YS215-1 )

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

YS232-1

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS233-2

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

YS239-1

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G- - - T- - - - - - - - - - - - - - - - - - - A- T - - - - - - - - - - -

YS241-5

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

YS243-1

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

YS245-1

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - G- - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

YS245-2

- - - - - - A- - -

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - G- - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

R19-2

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -
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HCV1

(1a)

GCCTGGAGAT TTGGGCGTGC CCCCGCAAGA CTGCTAGCCG AGTAGTGTTG GGTCGCGAAA GGCCTTGTGG TACTGCCTG

HCVJ

(1b)

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS203-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - -A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS215-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS232-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - T- - - - - - - - - - - - - - - - - - - - - - - - -

YS233-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS239-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

YS241-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

YS243-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

YS245-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R19-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

Eb 1

(3a)

A- -CA - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HCV-TR (3b)

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS203-5

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS215-1

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS232-1

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS233-2

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

YS239-1

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

YS241-5

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

YS243-1

- - -C - - - A - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS245-1

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS245-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - - -

R19-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G- - - TCA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figure 1 Alignment of DNA sequence of the 5’NCR of HCV isolated from the patients mix-infected with genotypes 1 and 3 mixinfected patients. Comparison of nucleotide sequences in the 5’NCR from Chinese patients (YS-, R-) with previously published
HCV sequences. Nucleotide numbering corresponds to that described for the prototype HCV1[9]. Dashes indicate identity with
sequence of HCV1 (top line). Nucleotide substitutions are indicated. Numbers in parentheses indicates the genotype of that sequence.
Source of published sequences referred to Materials and Methods.
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HCV1

(1a)

TCCCGGGAGA GCCATAGTGG TCTGCGGAAC CGGTGAGTAC ACCGGAATTG CCAGGACGAC CGGGTCCTTT CTTGGATCAA CCCGCTCAAT

HCVJ

(1b)

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS204-5

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS204-9

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS205-3

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS205-2

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS219-2

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS219-1

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS224-3

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -T- - - - - - - - - - - -

YS224-1

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -T- - - - - - - - - - - -

YS226-3

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS226-2

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS246-2

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -T- - - - - - - - - - - -

YS246-3

----------

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -T- - - - - - - - - - - -

YS248-1

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

YS248-2

----------

----------

---------- ---------- ---------- ---------- ---------- ---------- ----------

HC-J6

(2a)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

HC-J8

(2b)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A - - G - A - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

T983

(2c)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

NE92

(2d)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

R4-1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

R4-2

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

R3-1

- - - - - A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

R3-2

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G - - - A - - - T- - - - - - - - - - - - - - - - A - - - - - A - - - T - -

Eb 1

(3a)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - TG - - GT - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - -

HCV-TR (3b)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - T - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - -

YS194-2

- - - - - - - - - - - - - - -G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS194-3

- - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G -C - - - G - - - - - - - - - - - - - - - - - - - - - - - A - - - - - - - - - - - - -

YS198-2

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS198-3

- - - - - - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G -C - - - G - - - - - - - - - - - - - - - - - - - - - - - A - - - - - - - - - - - - -

YS201-4

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS201-2

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - - - - - - - - - - - - - - - - - - - - - A -G - - - - - - - - - - -

YS201-1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS225-6

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - TG - - GT - - - - - - - - - - - - - - - - - - - AT - - - - - - - - - - - -

YS225-10

----------

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - TG - - GT - - - - - - - - - - - - - - - - - - - AT - - - - - - - - - - - -

YS225-7

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - GT - - - - - - - - - - - - - - - - - - - AT - - - - - - - - - - - -

YS245-1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - G- - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS245-2

- - - - - -A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C - - - G - - - - - G - - - - - - - - - - - - - - - - - A- - - - - - - - - - - - -

YS250-3

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS250-1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -C- - - G- - - - - - - - - - - - - - - - - - - - - - -A- - - - - - - - - - - - -

YS252-7

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - T - - - - - - - - - - - - - - - - - - - A -T - - - - - - - - - - -

YS252-1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - G - - - T - - - - - - - - - - - - - - - - - - - A -T - - - - - - - - - - -
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HCV1

(1a)

GCCTGGAGAT TTGGGCGTGC CCCCGCAAGA CTGCTAGCCG AGTAGTGTTG GGTCGCGAAA GGCCTTGTGG TACTGCCTG

HCVJ

(1b)

- - - - - - - - - - - - - - - - - - - - - - - - - -G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS204-5

- - - - - - - - - - C- - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS204-9

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS205-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS205-2

- - - - - - - - - - - - - - - - - - - - - - - - - - GG - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS219-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS219-1

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS224-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS224-1

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - C - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS226-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS226-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS246-2

- - - - - - - - - - - - - - - - - - - - - - - - - -G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS246-3

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS248-1

- - - - - - - - - - - - - - - - - - - - - - - - - -G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS248-2

- - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

HC-J6

(2a)

- - - C- - TC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - - T - - - - - - - - - - - - - - - - - - - - - - - - -

HC-J8

(2b)

- T- C - - T C - - - - - - - - AC - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - - T - - - - - - - - - - - - - - - - - - - - - - - - -

T983

(2c)

- - - C - -CC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - - T

NE92

(2d)

- - - - - - TC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - - T

R4-1

- - - C - - T C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - - T - - - - - - - - - - - - - - - - - - - - A- - - -

R4-2

- - - C - - T C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

R3-1

- - - C- - TC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R3-2

- - - C - - T C - - - - - - - - - - - - - - - - - - G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

Eb 1

(3a)

A- -CA- - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HCV-TR (3b)

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS194-2

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS194-3

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS198-2

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS198-3

- - - CA - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS201-4

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS201-2

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS201-1

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS225-6

A- -CA- - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS225-10
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A- -CA- - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS225-7

A- -CA- - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS245-1

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS245-2

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS250-3

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YS250-1

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS252-7

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - - TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

YS252-1

- - - C - - - A - - - - - - - - - - - - - - - - - - G - - G TCA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -G - - - - - - - - - - - - - -

Figure 2 Alignment of DNA sequence of the 5' NCR of HCV isolated from the patients mix-infected with different variants of the
same genotype. Comparison of nucleotide sequences in the 5’NCR from Chinese patients (YS-, R-) with previously published
HCV sequences. Patients were presumably divided in three groups, as shown in the left column. Nucleotide numbering corresponds to that described for the prototype HCV1[9]. Dashes indicate identity with sequence of HCV1 (top line). Nucleotide substitutions are indicated. Numbers in parentheses indicates the genotype of that sequence. Source of published sequences referred to
Materials and Methods.
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HCV1

989

YS232-1

1

HCV-TR
YS243-1
YS245-1
YS215-1

3

IND1751
Eb 1
NE125
NE048
YS203-5
R19-2
YS233-2
YS241-5
YS245-2
YS239-1
YS245-3
YS233-3
1 HCVJ
YS203-3
YS232-2
YS241-2
YS243-2
YS239-2
R19-3
YS215-2

2

HC-J8
HC-J6

0.1

Number of nucleotide substitutions per site

Figure 3 Phylogentic tree constructed with Chinese (YS-, R-) and previously reported sequences, based on nucleotide (nt) identity
of 5’ NCR sequence (nt –220 to – 47). Dentrogram shows 19 Chinese isolates distributed within 2 major genotypes (genotypes 1
and 3). Source of published sequences referred to Materials and Methods.
HCV1 YS226-3

1

YS204-5
HCVJ
YS248-1
YS246-2

HCV-TR
YS250-3
YS245-1
YS201-4
YS198-3
YS201-2
YS252-7
YS252-1
YS245-2
YS201-1
YS198-2
YS250-1
YS194-3
YS194-2
IND1751

3

NE048

Eb1
YS225-10
YS225-7
YS225-6

YS219-1
YS205-2
YS248-2
YS224-1
YS224-3
YS246-3
YS226-2
YS219-2
YS205-3
YS204-9

NE92

2

HC-J8
HC-J6

0.1

NE125

R3-1
R3-2
R4-2

R4-1
T983

Number of nucleotide substitutions per site

Figure 4 Phylogentic tree constructed with Chinese (YS-, R-) and previously reported sequences, based on nucleotide (nt) identity
of 5’ NCR sequence (nt –220 to – 47). Dentrogram shows 34 different Chinese isolates distributed within 3 major genotypes, 14
isolates in genotype 1, 4 in genotype 2,and 16 in genotype 3. Source of published sequences referred to materials and Methods.
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Variation in the HCV 5’NCR sequences
Fifty one isolates were obtained from the 24 mix-infected
patients, and only 5 isolates were found possessing the
sequences completely identical to the known HCVJ (genotype
1b), the remaining possess high variability from the known
genotypes. On the other side, isolates cloned from different
individuals might possess the completely identical sequences,
such as YS233-3 and YS245-3 (Figure 1); YS203-5, YS2151, YS243-1, R19-2 (Figure 1), YS201-4 and YS250-3 (Figure
2); YS233-2 (Figure 1) and YS250-1 (Figure 2); YS239-1
(Figure 1) and YS252-7 (Figure 2).
The sequence analyzing found that out of 51 isolates, 29
(57 %) possessed a G at nucleotide position -61, in place of the
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“T” that was present in all previously reported sequences. Of
them, 14 were in genotype 1, 2 in genotype 2, 13 in genotype 3.

Clinic virus detection
In order to detect the conditions of mix-infection with HCV
plus other hepatitis viruses, HAV, HBV, HDV, HEV and/or
HGV infection markers were detected in 82 patients HCV
chronically infected. The results showed that 60 patients were
mix-infected with HCV plus other hepatitis viruses. The
incidence was very high. Among these cases, 30.0 % (18/60)
were mix-infected with HCV plus HAV, 46.7 % (28/60) with
HCV plus HBV, 18.3 % (11/60) with HCV plus other two or
three hepatitis viruses (Table 1). The individuals mix-infected

Table 1 Virological test in different groups
Cases

Positive cases (%)
HCV+
HAV+

HCV+
HBV+

HCV+
HEV+

HCV+
HGV+

HCV+
HAV+
HBV+

HCV+
HAV+
HEV+

HCV+
HAV+
HGV+

HCV+
HBV+
HDV+

HCV+
HBV+
HEV+

HCV+
HAV+
HBV+
HDV+

HCV+
HAV+
HBV+
HEV+

60

18

28

2

1

3

1

1

1

1

3

1

(%)

(30.0)

(46.7)

(3.3)

(1.7)

(5.0)

(1.7)

(1.7)

(1.7)

(1.7)

(5.0)

(1.7)

Table 2 Virus detection in HCV-infected patients
Cases
60

Positive cases (%)
HAV
27
(45.0 %)

HBV

HDV

HEV

HGV

37
(61.2 %)

4
(6.7 %)

5
(8.3 %)

2
(3.3 %)

Table 3 Mean age and ALT level of patients infected with HCV and mix-infected with HCV plus other hepatitis viruses
Subtotal

Group

Age (years)
HCV+
HCV++HAV+

ALT (U/L)

Male
Age (years)

ALT (U/L)

Female
Age (years)

ALT (U/L)

35.9 (20-57)

577.7 (20-1890)

33.5 (20-57)

580.8 (20-1890)

38.9 (20-48)

572.9 (121-1000)

[718/20]

[11553/20]

[368/11]

[6970/12]

[350/9]

[4583/8]

18.9 (4-40)

1253.4 (92-2350)

18.8 (6-40)

1108.5 (92-2080)

19 (4-37)

1398.4 (208-2350)

[302/16]

[20055/16]

[150/8]

[8868/8]

[152/8]

[11187/8]

HCV++HBV+

34.6 (18-71)

741 (30-2745)

35.7 (18-53)

610.4 (30-1905)

32.4 (19-71)

1016.7 (35-2745)

[970/28]

[20748/28]

[678/19]

[11598/19]

[292/9]

[9150/9]

HCV++other

29.3 (14-64)

1266.5 (49-4160)

27.6 (14-54)

1090.4 (49-3800)

32.6 (16-64)

1618.8 (345-4160)

hepatitis viruses

[439/15]

[18998/15]

[276/10]

[10904/10]

[163/5]

[8094/5]

Total

30.7 (4-71)

803.2 (20-4160)

30.7 (6-57)

799.5 (21-3800)

30.9 (4-71)

1100.5 (35-4160)

[2429/79]

[71354/79]

[1472/48]

[38375/48]

[95/31]

[33014/30]

*Patients were divided into different groups: HCV-infected group (HCV+), HCV plus HAV mix-infected group (HCV++HAV+),
HCV plus HBV mix-infected group (HCV++HBV+), and, HCV plus other hepatitis viruses mix-infected group (HCV++other viruses).
Refer to table 1.
Table 4 Mean ages and ALT levels of patients mix-infected with HCV plus HAV and other hepatitis viruses and with HCV plus
HBV and other hepatitis viruses
Group

HCV++HAV+
HCV++HBV+

Total
Age (years)

ALT (U/L)

Male
Age (years)

Female
ALT (U/L)

Age (years)

ALT (U/L)

26.9 (14-64)

1521.9 (233-4160)

21.6 (14-41)

1552.6 (233-3800)

33.5 (16-64)

1483.5 (345-4160)

[242/9]

[13697/9]

[108/5]

[7763/5]

[134/4]

[5934/4]

34.3 (26-64)

771.8 (49-2680)

31.8 (26-50)

772 (49-2680)

39.3 (54-64)

591.3 (234-1429)

[309/9]

[6406/9]

[191/6]

[4632/6]

[118/3]

[1774/3]
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with HCV plus HDV were all infected with HBV. Among these
HCV infected patients, the positive rates of HAV, HBV, HDV,
HEV and HGV were 45.0 %, 61.2 %, 6.7 %, 8.3 % and 3.3 %,
respectively (Table 2).

Ages and serum ALT
The ages and serum ALT levels in different group patients
were showed in Table 3.
The mean age of individuals infected singly with HCV was
35.9 years old, older than those mix-infected with HCV plus
other hepatitis viruses. The mean age of the patients mixinfected with HCV plus HAV was 18.9 years old, which was
significantly younger than that (35.9 years) singly infected with
HCV (P<0.001), mix-infected with HCV plus HBV (34.6 %)
(P<0.001) or mix-infected with HCV plus other one or more
viruses (29.3 years) (P<0.001). The serum ALT level of the
patients mix-infected with HCV plus HAV was 1 253.4 U/L,
which was significantly higher than that (577.7 U/L) singly
infected with HCV (P<0.001) or than that (741 U/L) mixinfected with HCV plus HBV (P<0.05) (Table 3). The mean
age of the patients mix-infected with HCV plus HAV was
significantly younger than that mix-infected with HCV plus
HBV (P<0.001), no matter whether they were mix-infected
with other hepatitis viruses or not (Table 3 and 4).
There were no significant differences in mean ages or in
mean ALT levels between two sex individuals within different
groups.
DISCUSSION
Conditions and features of different genotype HCV mixinfections
High variability of HCV genome appears not only in its highly
variable region (HVR) of E2 protein, but also in the most highly
conserved 5’NCR. The 5’NCR is the first generation of direct
sequencing tests which provide complete sequence information
to characterize HCV genotypes[8,14]. However, the previously
reported sequence comparisons between isolates were mainly
cloned from the same individuals and focused on HVR of E2
or C protein region[6,16-18], and largely within the same genotype.
Isolates of HCV genome cloned from the same individual could
belong to the same genotype[16] or the different genotype[19].
The previous report showed that HVR1 of HCV variation had
an adaptive significance and was associated with favorable
features of liver disease[6] and the 5’NCR did so as showed in
the present study. The findings in the present study showed
that mix-infections within the same individual with different
HCV genotypes or variants commonly existed, and mixinfection with genotype 1 plus genotype 3 were only found in
the present study up to now in China. No genotype 1/2 or
genotype 2/3 mix-infected cases were found in the present
study. Different HCV genotypes or variants existed within the
same individual. Most of the viral sequences found in the
present study had high diversity from previously reported,
implying that HCV genotypes in China had specific geographic
distributions and epidemiological features.
Considerable sequence diversity exists both among isolates
from unrelated individuals and within the same individual,
implying that the virus is not a single molecular species, but as
a variable population of closely related or unrelated genomes,
according to the model of the viral genotypes or quasispecies.
The pathogenetic mechanisms responsible for persistent HCV
infection and progressive liver disease are largely unclear;
nonetheless, variant genotypes or quasispecies presence was
thought favorable to escaping from immune surveillance,
leading to chronicity. In fact, the immune response failed to
eradicate HCV infection and did not confer protection [20],
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despite the continuous presence of antibodies[21-23] and cytotoxic
T-cell [24,25]. This phenomenon is likely to result in the
continuous selection of new variants.
The previous reports showed that different HCV genotypes
had different clinical pathological features and had different
response to interferon therapy, while very few reports described
clinical pathologic implications of mix-infection with different
genotypes or variants. This is worthy to further study.

Clinical implications of mix-infections with HCV plus other
hepatitis viruses
A considerable number of HCV/HAV or HCV/HBV mixinfections were observed in this study. Among the studied
cases, only 26.8 % (22/82) of the patients were singly infected
with HCV. The results showed that the mean age was lower
and the mean ALT level was higher in the patients mix-infected
with HCV plus other hepatitis virus than in the patients singly
infected with HCV. These findings implied mix-infection with
HCV plus other hepatitis virus might exacerbate pathological
lesion of the liver, accelerating the progress of liver disease.
Affections by HAV super-infection were most significant.
HCV infection has become an important public health
problem worldwide including China[26], and mix-infections
among the patients with liver diseases with HCV plus other
hepatitis viruses in China seems to be also a common problem.
There were a lot of investigations about infections with only
single HCV or other hepatitis viruses, but only few involved in
mix-infections with HCV plus HAV[27], HCV plus HBV[28-31],
HCV plus HDV[28,32], or HCV plus HGV[12,28,33-35], with high
incidence rate has been reported in China. While there were
no investigations involved the cases mix-infected with HCV
plus so many hepatitis viruses with clinical features in China
and even abroad. The findings in the present study showed
that patients might get mix-infections with HCV plus one, two
or three other hepatitis viruses. The positive rate in the patients
mix-infected with HCV plus HBV was very high, implying
that mix-infection with HCV plus HBV have great significance
in diagnosis and treatment of HCV infected patients. Besides,
mix-infection with HCV plus HIV would not be another
ignorable public health problem in China today, especially in
blood donors and drug abusers[26,36,37]. The preliminary results
obtained in the present study would provide important
diagnostic and prognostic information for more effective
treatment of HCV infections. In order to get better insight in
the whole conditions of mix-infection of different hepatitis
viruses more investigations are still necessary.
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Abstract
AIM: To assess the prevalence of hepatitis B and C
serological markers in a population of refugees living in
Athens.
METHODS: One hundred and thirty refugees (81 males
and 49 females, mean age ±SD: 31.7±8 years) were included
in the study. The hepatitis B virus surface antigen (HBsAg),
the hepatitis B virus core antibody (anti-HBc) and the
hepatitis C virus antibody (anti-HCV) were detected using a
third-generation immunoassay.
RESULTS: Twenty individuals (15.4 %) were HBsAg
positive and 69 (53.1 %) were anti-HBc positive. The
prevalence of HBsAg and anti-HBc was higher among
refugees from Albania and Asia (statistical significant
difference, P<0.008 and P<0.001 respectively). The
prevalence of these markers was found irrelevant to age
or sex. Anti-HCV was detected in the serum of 3 individuals
(2.3 %). No differences among age, sex or ethnicity
regarding anti-HCV prevalence were found.
CONCLUSION: It can be concluded that refugees living in
Athens are an immigrant population characterized by a high
incidence of HBV infection. The prevalence of HBV markers
is higher among refugees from Albania and Asia. It is
therefore believed that the adherence to general precautions
and the initiation of HBV vaccination programs will be
necessary in the future, especially in these communities.
Although the prevalence of HCV infection seems to be
relatively low, extended epidemiological surveys are needed
to provide valid results.
Roussos A, Goritsas C, Pappas T, Spanaki M, Papadaki P, Ferti
A. Prevalence of hepatitis B and C markers among refugees in
Athens. World J Gastroenterol 2003; 9(5): 993-995
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INTRODUCTION
During the last decade, refugees from countries with an
increased prevalence of infectious diseases, (i.e. viral hepatitis,
AIDS and tuberculosis) have settled in Greece. The crowded
living conditions and the avoidance of well-organized places
of sheltering, due to the fear of deportation or expulsion,
characterize immigrant populations and facilitate the spread
of these diseases[1].
Assessing the prevalence of viral hepatitis among refugees

is necessary in order to plan health control measures regarding
primary and secondary prevention and prophylaxis for the
entire population[2,3]. Both prevention and prophylaxis are of
great importance for public health, as chronic viral hepatitis
remains the main etiology for the development of
hepatocellular carcinoma, in our country[4] and worldwide[5-7].
In Greece, previous studies on Albanian refugees showed a
high prevalence of hepatitis B[8,9]. However, data regarding
refugees of other nationalities is limited. Moreover, insufficient
information is available on the prevalence of hepatitis C.
The aim of this study was to assess the prevalence of hepatitis
B and C serological markers in a population of refugees of
various nationalities, living in Athens.

MATERIALS AND METHODS
Materials
The study involved all refugees referred to the outpatient clinic
of our Department for a health certificate, during a six-month
period. A total of 130 refugees (81 men and 49 women), aged
between 18 and 69 years (mean age±SD: 31.7±8 years old),
were studied. The local ethics committee approved the study
and signed informed consent was obtained from each
participant.
Methods
All subjects were interviewed by means of a structured
questionnaire for general demographic details (age, sex, ethnic
origin) and risk factors for hepatitis B and C infections (blood
transfusions, intravenous drug use, tattoos). Thereafter, 10 ml
of blood was obtained by venesection and the serum was
separated by centrifugation. Each serum sample was coded
and stored at -20 . The hepatitis B virus surface antigen
(HBsAg), the hepatitis B virus core antibody (anti-HBc) and
the hepatitis C virus antibody (anti-HCV) were detected by a
third-generation enzyme-linked immunosorbent assay (ELISA,
ABBOTT, EIA-3). This immunoassay method was used
according to the instructions of the manufacturer.
Statistical analysis
Results were expressed as mean ± SD. A Chi - squared (χ2)
test with Yate’s correction was used to detect differences
between groups and predictive indices. χ2-analysis was
performed using the SPSS program (version 9.0, SPSS Inc.,
IL, USA). P<0.05 were considered statistically significant.
RESULTS
Albanian refugees represented the higher proportion (59 %)
in our study population. Refugees from eastern European
countries (the former USSR, Poland, Bulgaria and Romania),
Asia and Africa, were also examined. The mean age did not
differ among the various ethnic groups. Male sex was
prominent in Albanian (67 %) and Asian (100 %) refugees.
The demographic characteristics of the 130 subjects were
shown analytically in Table 1.
Twenty individuals (15.4 %) were HBsAg positive and 69
(53.1 %) were anti-HBc positive. Table 2 showed the
distribution of hepatitis B markers according to sex. The
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prevalence of HBsAg and anti - HBc was higher in men than
that in women but the difference was not statistically significant
(P=0.23 and P =0.14 respectively). Finally, the mean age did
not differ significantly between seropositive and seronegative
for these markers groups [HBsAg (+): 31.8±6years, HBsAg
(-): 32.7±7years, P =0.66; and anti-HBc (+): 30.9±7years, antiHBc (-): 32.8±6years, P=0.23)].
A total of 3 individuals (2.3 %), two men (aged 32 and 34)
and one woman aged 33 were anti-HCV positive. No
differences in age (P=0.71) and sex (P=0.87) regarding antiHCV prevalence were found.
Table 3 showed the distribution of hepatitis B and C
serological markers according to ethnicity. The prevalence of
HBsAg and anti-HBc was higher among refugees from Albania
and Asia (statistically significant difference, P<0.008 and
P<0.001, respectively). Although a high prevalence of hepatitis
C infection (12.5 %) characterized African refugees, no
statistically significant difference among the various groups
(P=0.76) was found.
Table 1 Demographic characteristics of refugees
Ethnicity

n (%)

Sex (M/F)

Albania
East europe
Asia
Africa
Total

76 (59)
35 (27)
11 (8.5)
8 (6.2)
130

51/25
15/20
11/0
4/4
81/49

Age (mean±SD)
31.8±8.5
32.5±10.2
31.4±6.2
31.1±6.7
31.7±8.5

Table 2 Distribution of hepatitis B serological markers according to sex
Sex

Males
Females
Total

n

HBsAg(+)

81
49
130

15 (18.5 %)
5 (10.2 %)
20 (15.4 %)

Anti-HBc(+)

HBsAg,
anti-HBc(-)

47 (58 %)
22 (45 %)
69 (53.1 %)

19 (23.5 %)
22 (44.8 %)
41 (31.5 %)

Table 3 Distribution of hepatitis B and C serological markers
according to ethnicity
Ethnicity

n

Albania
E Europe
Asia
Africa
Total

76
35
11
8
130

a

HBsAg(+)
17 (22.4 %)a
0 (0)
3 (27.3 %)b
0 (0)
20 (13.4 %)

Anti–HBc(+)
54 (71 %)a
8 (23 %)
5 (45 %)b
2 (25 %)
69 (53.1 %)

Anti–HCV(+)
1 (1.3 %)
1 (2.8 %)
0 (0)
1 (12.5 %)
3 (2.3 %)

P<0.008, bP<0.001.

DISCUSSION
Hepatitis B and C are widespread infectious diseases
representing major health problems. The worldwide
seroprevalence of HBsAg and anti-HCV is estimated to be 5 %
and 1 %, respectively. However, marked geographic variation
exists. Local factors, such as the ethnic composition of the
population, influence the prevalence of these infections in a
particular community [2,3]. It is well known that refugees
constitute a special social group in a geographical area. They
often live under conditions that facilitate the spread of
infectious diseases. Moreover, the prevalence of chronic
infections among them depends on the endemicity of these
diseases in the country of origin. In the present study, the
prevalence of hepatitis B and C serological markers among
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refugees of various nationalities living in Athens was evaluated.
Greece has been traditionally considered as a region of
intermediate endemicity for HBV infection and estimated
prevalence rates for HBsAg and anti-HBc were 3 % and 3040 %, respectively [10]. Recent information regarding the
seroprevalence of these markers in the Greek population is
not available. However, in recent studies, blood donors and
recruits in the army had an HBsAg posivity below 1 %, possibly
indicating a shift towards lower endemicity in Greece[11]. In
the population of our study, the prevalence of HBsAg and antiHBc was extremely high (15.4 % and 53.1 %, respectively),
similar to that reported in countries of high endemicity for
HBV infection. In Greece, the reported HBsAg prevalence even
in high-risk groups for HBV infection, such as HIV-patients
(13.3 %)[12] and drug addicts (6.9 %)[13,14], is lower than that
observed in our population. Higher HBsAg prevalence (17.2 %)
has been reported only in Kurdish of a refugee camp in Athens,
a social group characterized by particularly unhealthy living
conditions[15].
An increased prevalence of hepatitis B serological markers
has been reported in previous studies concerning Albanian
refugees in Greece and Italy[8,9,16,17]. Our results confirm that
Albanian refugees have a high seroprevalence of HBV
markers, which possibly reflects the high endemicity of HBV
infection in Albania. It is also suggested that Asian refugees
should be considered as another group with high prevalence
of chronic HBV infection. If a larger epidemiological research
confirms our results, then future preventive intervention could
be conducted for those communities of refugees that are at
highest risk.
The prevalence of anti-HCV in the population of refugees
was relatively low (2.3 %) and no differences among various
nationalities were found. A previous study among Albanian
refugees in northwestern Greece showed anti-HCV seroprevalence
of 1.75 %[8]. To our knowledge, the present study is the first
concerning refugees living in Athens. In Greece, several reports
have shown the important role of HCV in the development of
cirrhosis and hepatocellular cancer[18,19]. However, most of the
epidemiological research for the prevalence of hepatitis C
concerns specific population groups, such as blood donors,
medical staff, and chronic alcoholics[20-22]. Recently, a random
community-based study of the general population in the Greek
Island of Zakynthos showed lower prevalence of hepatitis C
(1.25 %) compared to our results[23]. However, this difference
is slight. Therefore, refugees living in Athens cannot be
considered as a potential reservoir of HCV infection for the
indigenous population.
It is concluded that refugees living in Athens are
characterized by a high prevalence of HBV infection. The
seroprevalence of HBV markers is higher among refugees from
Albania and Asia. We, therefore, believe that the adherence to
general precautions and an effort to improve living conditions
will be necessary in the future, especially in these communities.
The initiation of HBV vaccination programs is also needed.
Although the prevalence of HCV infection seems to be
relatively low among refugees living in Athens, extended
epidemiological surveys are needed to provide valid results.
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Abstract
AIM: To investigate the expression of recombinant HBsAg
(rHBsAg) in transgenic cherry tomatillo in order to explore
the feasibility of producing HBV oral vaccine with cherry
tomatillo by animal immune tests.
METHODS: The recombinant plant expression vector
containing HBsAg gene was constructed. Mediated with
Agrobacterium tumefaciens, HBsAg gene was transferred into
cotyledons of cherry tomatillo. Transformed cherry tomatillos
were obtained through hygromycin delay-selection. Integrated
DNA in transgenic cherry tomatillo was confirmed by
hygromycin resistance selection, Gus detection, polymerase
chain reaction (PCR) and dot blotting analysis. Antigenicity of
rHBsAg was examined by ELISA and the immunogenicity of
rHBsAg derived from transgenic cherry tomatillo tissues was
confirmed by oral feed of transformed tissues to BALB/c mice
primed with commercial HBV vaccines. Specific antibody titers
in mice’s serum were examined by ELISA every week.
RESULTS: By far, 10 positive lines of transgenic cherry
tomatillos containing HBsAg gene were obtained. Among
different organs of the same transgenic cherry tomatillo,
level of rHBsAg expressed in leaves was the highest with
the yield up to 300ng/g fresh weight. And the rHBsAg
expression level in fruits was about 10 ng/g fresh weight.
In animal immune tests, oral delivery with transgenic tissues
to mice primed with commercial vaccine instead of naive
mice resulted in significant immune response.
CONCLUSION: The result of this animal immune test
indicated the rHBsAg derived from transgenic cherry tomatillo
possessed normal immunogenicity. This work demonstrated
the feasibility to generate oral immunogenic rHBsAg in
transgenic cherry tomatillo, and would provide some
experimental approach for the production of low-cost oral
vaccines using transgenic cherry tomatillo in large scale.
Gao Y, Ma Y, Li M, Cheng T, Li SW, Zhang J, Xia NS. Oral
immunization of animals with transgenic cherry tomatillo
expressing HBsAg. World J Gastroenterol 2003; 9(5): 996-1002
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INTRODUCTION
Hepatitis B virus infection is one of the most widespread viral
infections of humans, especially in China. HBV DNA were
found in most of newborns of HBsAg positive mothers[1]. HBV
vaccines have prevented numerous infections. However,
administration of vaccine intramuscularly causes some pain,
it is not accepted widely, especially in children. In recent years,
a novel production system of vaccines- “edible vaccines” or
“oral vaccines” is developed. Oral vaccines can serve multiple
immunization priorities, including simplicity of use, increase
in compliance (as a result of increased comfort of delivery),
enhanced immune responses at mucosal sites, and stimulation
of humoral immunity[2-5].
The use of transgenic vegetables and fruits for the expression
and delivery of recombinant protein antigens as edible vaccines
has become an attractive topic for plant molecular biologists.
Plants are potential source of antigen protein that is not
dependent upon process technology to ensure protein folding
and particle assembly. In addition, a plant-based antigen protein
expression system makes possible the testing of an oral
immunization strategy by simply feeding the plant tissues. So
far, the production of oral vaccines in transgenic plant has focus
on viral and bacterial subunit antigen, including E.coli heatlabile enterotoxin B subunit (LT-B)[6-12], cholera toxin B subunit
(CT-B)[13,14], hepatitis B surface antigen (HBsAg)[15-21], Norwalk
virus capsid protein (NVCP)[22,23], rabies virus glycoprotein[24],
etc. The results of oral immune tests in human bodies with
transgenic potato and lettuce expressing rHBsAg have been
reported, and the special antibody was detected in serum of the
volunteers who were given edible tissues of transgenic plant[25].
As we know, potato and lettuce could not be eaten in raw in
certain population. But cooking process would destroy the target
protein and affect its immunogenicity. So the plant acceptor
should not only be easy to handle in genetic constructs, but also
be able to be consumed in raw. In our study, we chose cherry
tomatillo as the plant system for producing recombinant antigen.
Tomatillo, Physalis ixocarpa Brot. is grown in Mexico
annually. It is a good source of vitamin C. The flesh of tomatillo
is solid and seedy. And the pulp is glutinous, a little sweeter
than tomato, and the flavor is somewhat similar to green apple.
It is a key ingredient of many Mexican recipes, raw or cooked.
Ripe fruits can be eaten raw, in sandwiches and salads. As an
important commercial vegetable crop in the diets of Mexicans
and Central Americans, tomatillo has been known by more
and more researchers. The aim of this study that chose tomatillo
as the plant acceptor was to investigate the feasibility of
producing HBV oral vaccine with transgenic cherry tomatillo.
MATERIALS AND METHODS
Materials
Plant materials Cherry tomatillo (Physalis ixocarpa Brot.).
The seeds were obtained from Xiamen ITG Seed IMP&EXP
CO., LTD.
Bacteria and plasmids Agrobacterium tumefaciens strain
EHA105, was kindly provided by Prof. Zhang Qi-fa, Huazhong
Agricultural University. p1301HBs, recombinant mini Ti
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plasmid of the binary expression vector (containing
hygromycin-resistant gene, kanamycin-resistant gene, Gus
gene and HBsAg-S gene), was constructed in our lab[20,21].
Animals in immune tests BALB/c mice aged 4-6 weeks were
purchased from the Center of Cancer Research, Xiamen
University.

Methods
Construction of plant expression vector A 0.8 kb DNA
fragment containing HBsAg-S gene was obtained by a PCRbased assembly from patient’s serum and inserted into pBPFΩ7
between the constitutively-expressed cauliflower mosaic virus
(CaMV) 35S promoter and Nos terminator at the Xho I/EcoR
I site by substituting the Ω gene to form pBHBs, then the 2.4
kb DNA fragment containing the HBsAg-S gene, the
CaMV35S promoter and the nos terimator was cleaved with
PstI from pBHBs and ligated into the binary plant vector
pCAMBIA1301 (containing hygromycin-resistant gene,
kanamycin-resistant gene, Gus gene) digested by Pst I to give
the resulting plasmid, p1301HBs (Figure 1).
35S promoter
Bgl II
Nco I
Hind III
Pst I
Xho I
P35S
Xba I
FcoR I
HBs
Xba I
Pst I
Tnos
Xba I
BamH I
EcoR I
CaMV35S

Xho I

Gus first exon
Catalase intron

Gus second exon
NOS polyA

p1301HBs
14 249 bp

Nhe I
Bst EII
T-BORDER(R)

pVS 1 sta

Hyg(R)
CaMV35S polyA
Xho I

pVS1 rep

Kan(R)

Nhe I

T-BORDER (L)

pBR322 bom
pBR322 ori

Figure 1 Plasmid p1301HBs.

Plant transformation and regeneration p1301HBs was
introduced into Agrobacterium tumefaciens strain EHA105
directly by the freeze-thaw method with slight modifications.
Subsequently, Agrobacterium tumefaciens carrying p1301HBs
was used to transform cherry tomatillo cotyledons disks. Tendays post germination cotyledons were excised from in vitrogerminated seedlings, and co-cultivated for 48-72 h with an
overnight-grown culture of Agrobacterium tumefaciens
carrying p1301HBs on a shooting medium containing 2 mg/l
6-benzyladenine (6-BA) and 0.2 mg/l indole-3-acetic acid
(IAA). Cotyledons were then rinsed with sterilized water added
500 mg/l cefotaxime to kill the A. tumefaciens on the surface
of explants, blotted dry on a sterilized paper towel, and placed
onto a shooting medium added 500 mg/l cefotaxime for
recovery. After seven days’ recovery period, the explants were
transferred to a shooting medium added 300 mg/l cefotaxime
and 25 mg/l hygromycin to select transgenic progeny. About
eight weeks later, hygromycin-resistant shoot regenerants were
removed to a rooting medium containing 0.2 mg/l IAA and 25
mg/l hygromycin. Rooted plantlets were acclimatized and
transferred to a greenhouse for fruiting.

Analysis of transgenic plants
Detection of expression activity of reporter gene-Gus gene
Histochemical quantification of Gus activity was performed.
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Different tissues were cut from transgenic plantlets and
immerged into Gus reaction buffer (889 mg/l X-Gluc, 100 mg/
l chloramphenicol, 50 mM NaH2PO4, 1 Triton-X100, 20 %
methanol, pH 7.0-8.0). After incubation at 37
for 24 h, the
tissues were bleached with absolute alcohol, then observed and
photographed under the dissecting microscope. Tissues from
non-transformed cherry tomatillo were used as negative control.
PCR amplification of plant genomic DNA Transgenic plants
were checked for the presence of target gene in leaf tissue
using PCR and dot-blot analysis. Genomic DNA samples
extracted from leaves of regenerated cherry tomatillos plants
by the CTAB method [26] were used as templates in PCR
reactions using the following primers: forward primer 5’ATGGAGAACACAACATC-3’; reverse primer 5’GGATCCTTTTGCGGAAGCCCA-3’, such that amplification
would yield a PCR product of 480 bps. The DNA was denatured
at 94
for 10 min. Forty cycles of PCR were performed at:
94
for 50 sec, 45
for 45 sec, 72
for 50 sec; followed
by a 72 incubation for 7 min. A positive control (p1301HBs)
and a negative control (DNA from non-transformed tomatillo
leaves) were included in this experiment. Analysis of PCR
products was carried out by loading samples onto a 1.2 %
agarose gel containing ethidium bromide (EB), followed by
electrophoresis and visualization via ultraviolet transillumination.
A molecular weight standard (DL-2000, Takara) was used.
Dot blotting The denatured genomic DNA samples were
loaded onto a nitrocellulose membrane (Millipore). A positive
control (p1301HBs) and a negative control (DNA from nontransformed tomatillo leaves) were included in this experiment.
Pre-hybridization was followed by DNA hybridization using
a DIG-labelled probe generated from the same 480 bps
fragment that was amplified from p1301HBs. Pre-hybridization
and hybridization conditions were both at 42 . After washing
procedure, the membrane was incubated with alkaline
phosphatase-conjugated anti-DIG antibody for 2 h at room
temperature. The membrane was finally soaked in the color
solution at room temperature for up to 4 h in the dark, and the
reaction was stopped by rinsing the membrane in distilled water
when satisfactory color was observed.
ELISA Different organs of Cherry tomatillo were harvested,
frozen in liquid N2, and ground to a fine power. The power
was suspended in extraction buffer (50 mM Tris-HCl, 0.029 %
NaN3, pH9.5) at room temperature overnight. The slurry was
then centrifuged at 12 000 rpm for 10 min at 4 , and
supernatants were tested for HBsAg by ELISA (Double
Antibody sandwich-ELISA Kit, provided by Beijing Wantai
Biological Medicine Co.) following the corresponding
protocol. Total soluble protein was quantified using Molecular
Biology Assistant (MBA2000, Perkin-Elmer Co.).

Immunization of animals
Oral primary immunization Two four-week-old BALB/c
mice were fed 20 g transgenic tomatillo tissues (containing
the equivalent of approximate 1 µg HBsAg) every day. Two
control mice were fed wild-type tomatillo tissues. After four
weeks, two groups of mice were all boosted parenterally with
a subimmunogenic dose (containing 0.5 µg HBsAg) of
commercial vaccine (Chuangchun Institute of Biological
Products).
Oral booster immunization Four four-week-old BALB/c
mice were administered parenterally with commercial vaccine
(containing 2 µg HBsAg) as primary immunization. Once the
serum antibody levels of the mice decreased apparently, three
mice were fed transgenic cherry tomato tissues (20 g/day,
containing the equivalent of approximately 1 µg HBsAg) and
negative control one was fed wild-type tomatillo tissues.
Antibody assays Mice sera were collected once every week
and evaluated for anti-HBsAg-specific antibodies using a

998

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

commercially available enzyme immunoassay (EIA) diagnostic
kit (Double Antigen sandwich-ELISA Kit, Beijing Wantai
Biological Medicine Co.).

RESULTS
Transformation and regeneration of cherry tomatillo
The plasmid for expression of HBsAg in plants (p1301HBs,
Figure 1) was introduced into Agrobacterium tumefaciens and
used in transformation experiments. Hygromycin incorporated
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into tissue culture media allowed for selection of transformed
callus tissue from which shoots and thereafter mature cherry
tomatillo plants were regenerated over a period of about 2-3
months. Ten independent hygromycin-resistant lines of
transgenic plants were generated finally. Some lines grew
poorly in tissue culture. Such effects could result from
insertional mutagenesis. Four lines appearing similar in
morphology to wild-type plants were transferred to a
greenhouse for fruiting (Figure 2). And F1 progeny of one
line was obtained.

A

B

C

D

Figure 2 Transgenic cherry tomatillo. A, Transgenic plant in tissue culture; B, Transgenic plant in greenhouse; C, Green transgenic
fruits; D, Ripe transgenic fruits.

A

B

C

D

Figure 3 Analysis of Gus activity in transformed cherry tomatillo tissues. A, Leaf of transformed cherry tomatillo; B, Leaf of nontransformed cherry tomatillo; C, Fruit of transformed cherry tomatillo; D, Fruit of non-transformed cherry tomatillo.
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Detection of expression activity of reporter gene (Gus)
The transformed plants, containing Gus gene as the report gene,
were tested for the Gus activity (Figure 3). The results
demonstrated that Gus gene was stably integrated into nuclear
chromosomal DNA of tomatillo and different organs all
presented a remarkably high Gus activity.
PCR screening for the presence of HBsAg gene
To verify that these plants contained the target gene, genomic
DNA extracted from young leaves was subjected to PCR
amplification and the PCR products were electrophoresed
through agarose. Samples containing the target gene were
identified by the presence of an amplified product of 480 bp,
representing a fragment of the HBsAg-S coding sequence in
p1301HBs. The results obtained demonstrated the presence of
an amplified product of the expected size in all the hygromycinresistant plants tested, which was absent in non-transformed
plants (Figure 4 A).
Analysis of genomic DNA by dot blotting
To further confirm that HBsAg coding gene was stably
integrated into nuclear chromosomal DNA of transgenic cherry
tomatillo, genomic DNA was analyzed by dot blotting, which
showed that all the transgenic samples had the same
hybridization signals as the positive control (p1301HBs)
(Figure 4 B).
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significant variation was observed among the rHBsAg/TSP
values of the same kind of organs in different individuals
reproduced from the same line, but striking difference in the
absolute expression levels of rHBsAg was observed and the
level of TSP in leaves of the plantlets in tissue culture was
significantly lower than that in leaves of the plants in
greenhouse. The difference might be due to growth condition
of these plants.
The rHBsAg levels in leaves of tissue-cultured plantlets of
four different lines were shown in Table 2. ELISA analysis
demonstrated that rHBsAg was expressed in these different
lines ranging from 21 to 90 nag/g fresh weight.
Table 1 Expression of HBsAg in different organs and different plants of same line
Plant No.

Organ

Total soluble
protein (mg/g
fresh weight)

1#

Leaf
Stem
Fruit
Leaf
Stem
Fruit
Leaf
Stem
Fruit
Leaf
Stem
Leaf
Stem
Fruit

31.6
5.8
0.7
30.0
5.0
0.6
27.3
3.6
0.6
11.3
2.6
28.4
4.7
0.6

2#

3#

4#
2 000bp
1 000bp
750bp
500bp

CK

250bp
100bp

A

1

2
1

3

4
2

5

6

7
3

8

9
4

B

5

6

7

8

Figure 4 Identification of HBsAg gene in transgenic cherry
tomatillo by PCR (A) and dot blot (B). A1, DNA marker; A2,
Positive Control; A3, Non-transformed plants; A4-9, Transformed plants. B1-6, Transformed plants; B7, Non-transformed
plants; B8, Positive control.

Immunological detection and quantification of rHBsAg in
transgenic tomatillo
Plants positive in PCR and dot blotting were further tested by
ELISA to detect and quantitatively analyze the target protein.
The rHBsAg levels in different organs from a representative
one of several tactile lines are presented in Table 1. The results
indicated that the expression levels of rHBsAg varied among
different organs of the same plant. Apparently, the amount of
rHBsAg produced in leaf was much higher than any of the
other organs. rHBsAg protein levels in fruit and stem were in
a similar range. However, rHBsAg/TSP (total soluble protein)
value of fruit was somewhat higher than that of leaf. No

300
15
7
240
9
6
210
7
6
90
5
-

HBsAg/TSP
(1/1000 000)

9
3
10
8
2
10
8
2
10
8
2
-

Note: 1#, 2#, 3#, 4# were different plants of same transgenic
cherry tomatillo line; 1#, 2#, 3# were transferred to soil in the
greenhouse; 4# was still in tissue culture; CK was a non-transformed plant growing in the greenhouse.
Table 2 Expressed target protein
Line No.

480bp

Content of
HBsAg (nag/g
fresh weight)

1#
2#
3#
4#
CK

Total soluble protein
(mg/g fresh weight)

16.0
15.5
12.6
13.1
13.7

Content of HBsAg
(ng/g fresh weight)

45
24
21
90
-

HBsAg/TSP
(1/1000 000)

3
2
2
7

Note: 1#, 2#, 3# and 4# were four different lines of transgenic
cherry tomatillo with normal phenotype, and these materials were
all leaves of transgenic plants in the condition of tissue culture;
CK was leaf of a non-transformed tomatillo in tissue culture.

Oral immunogenicity of rHBsAg derived from transgenic
tomatillo in mice
The immunogenicity of plant-derived rHBsAg was tested by
oral immunizing BALB/c mice with transgenic tissues from
plant line with highest production of rHBsAg. Then vaccinated
mice were bled weekly, and the sera were assessed for the
presence of specific antibodies by ELISA.
Oral primary immunization
Oral immunization of two naive mice by feeding transgenic
tissues did not evoke primary antibody within four weeks. Then
mice in two groups were both injected with a subimmunogenic
dose (0.5 µg HBsAg) of commercial HBV vaccine via an
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intramuscularly route as booster. However, none of the mice
developed measurable specific serum antibodies in the
following examination. There was no significant difference
between serum antibody titers of the mice primed with
transgenic tissues and those of the control mice in this
experiment (Figure 5).
mouse
mouse
mouse
mouse

4

OD

3
2
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mouse A

3
2
1
0

0

1

2

3

4 5 18 19 20 21 22 23 24 25 26 27 28

weeks

A
B
C
D

prime

boost
mouse B

4

1

3
0

1

2

3

4

5

6

7

8

9

10

OD

0
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4
OD

1000

1

weeks
prime

2
0

boost

0

1

2

3

4 5 17 18 19 20 21 22 23 24 25 26 27

weeks

Figure 5 Serum antibody response elicited by oral prime with
transgenic cherry tomatillo. A.B: Mice were fed non-transformed tissu es until week 4 , then bo osted with a
subimmunogenic dose of commercial vaccine; C.D: Mice were
fed transformed tissues until week 4, then boosted parenterally with a subimmunogenic dose of commercial vaccine.

prime

boost

4

mouse C

OD

3
2

Oral booster immunization
After a single dose (2 µg HBsAg) of commercial vaccine as
priming, titers of serum antibody in mice rose sharply in
response to antigen initially and then declined. Three mice
primed were orally immunized with tissues of the transgenic
tomatillo tissues as booster, and elicited an immediate highlevel recall antibody response within the following 3-5 weeks.
Antibody titers in serum were augmented significantly. In
comparison, one negative control mouse fed with wild type
tomatillo tissues did not showed any booster response. Serum
titers of antibody remained same (Figure 6).
We concluded that immune memory cells were established
in mice following parenteral immunization of commercial
vaccine and a recall response was elicited by oral delivery of
HBsAg in transgenic tissues.
Our results showed that tomatillo-derived rHBsAg had same
immunogenicity as commercial vaccine in stimulating
production of HBsAg-specific antibodies in animal. The
present experiment was limited by the total amount of plant
tissues that mice ingested in 24 h and the amount of rHBsAg
produced in the transgenic tissues. Absence of expected antiHBsAg response in the oral priming study might be due to
inadequate immunization schedule, such as low doses of
antigen, or low sensitivity of the detection system and
interference of plant material with development of an immune
response. In contrast, active immune response to orally
administrated antigens in parenterally primed animals might
be due to altered antigen processing in favoring of active
antibody production rather than oral immunotolerance.

Figure 6 Serum antibody response elicited by oral boost with
transgenic cherry tomatillo. A: Mouse was primed parenterally with 2 µg commercial rHBsAg, and when its serum antibody level descends to OD<1.0, mouse was fed with
untransformed tissues; B.C.D: Mice were primed parenterally
with 2 µg yeast-derived rHBsAg, and when their serum antibody levels descend to OD<1.0, mice were fed with transformed
tissues as boost.

DISCUSSION
Oral vaccination using transgenic plants is a viable approach to
the development of a novel HBV vaccine. Availability of the
vaccine in an edible form as a fruit or vegetable would enhance
vaccination coverage by providing an inexpensive, easy to
deliver and relatively heat-stable package for distribution. Such
a vaccine would have the potential to enable rates of vaccination
to reach the targets required for global eradication.
In this study a new foreign breed of cherry tomatillo was
used as the vector of producing transgenic plant vaccine.
Through the research of transforming HBsAg gene into

tomatillo, a high efficient transformation system of tomatillo
was produced, and the recombinant protein from transgenic
plants possessed good immunogenicity. The work
demonstrated the feasibility of expressing the oral
immunogenic rHBsAg in transgenic tomatillo, and provided
some theoretic and experimental directions for the production
oral vaccines using transgenic tomatillo in large scale.
Transgenic plants expressing recombinant antigens have
been developed successfully since it was first described by
Mason et al. A corollary of this research is the goal of
developing subunit vaccines that are produced in edible plant
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products, such that the plant-derived vaccine can be ingested
directly without prior purification or processing. It appears to
be a very promising alternative to other methods for expressing
recombinant protein. Nevertheless, a number of questions and
challenges still remain to be solved. And its main disadvantage
is low yields of antigen expressed. To our knowledge, in most
cases at present expression levels of vaccine proteins in
transgenic plants are lower than 0.1 %. We encountered the
same problem in the study. Although plant-derived rHBsAg
had good immunogenicity, the maximal level of rHBsAg in
transgenic tomatillos was inadequate for use practically.
Bioencapsulation of the recombinant antigen within plant
cells may protect it from degradation by gastrointestinal
proteinases and allow important epitopes to be recognized. It
may result in greater stability of the antigen in the stomach,
effectively increasing the amount of antigen available for
uptake in the gut. However, foreign antigens expressed in edible
plant tissues for use as oral vaccines also will consist of impure
mixtures with numerous other plant proteins. The stability of
such a protein in the gut is unknown yet, but high protein levels
and localization in the cell wall should ensure that at least some
of the antigen will be delivered to the intestine. To address these
possibilities, we need edible plant tissues that produce higher
levels of rHBsAg, and thus our further studies will focus on
increasing the accumulation of rHBsAg in transgenic tomatillos.
Over the past decade increasing endeavors have been
directed towards how to augment expression levels of foreign
genes in transgenic plants. Some modifications of expression
vectors have been successfully assayed to have the function to
lead to increased levels of expression of the recombinant genes,
including the use of stronger promoters[15], plant-optimized
synthetic genes[8], plant-derived leader sequences, signal
peptides which can target the protein for retention in
intercellular compartments[7,10,27], the fruit-specific expressed
promoter[28,29], and the chloroplast expression system[30] etc.
Although this study was not yet complete, we could
demonstrate that plant-derived rHBsAg was active as an oral
immunogen and cherry tomatillo might be a potential source
of vaccines for direct application. Transgenic tomatillos could
induce specific immune response depending on the route of
administration and immune status of the animal. In our hands,
oral immunization solely by feeding transgenic tissues was
not effective. Activation of the immune system by a primary
immunization via a parenteral route followed by booster via
the oral route resulted in significant antibody responses. The
results showed that the administration of edible vaccines in
primed instead of naive subjects revealed a more sensitive test
system and higher probability of success. The mechanisms
underlying the increased responsiveness of parenterally primed
animals to orally delivered antigens are not clear yet. Further
research is required to optimize this approach and to identify
the underlying mechanisms. Combinations of parenteral and
oral delivery may eventually prove to be most efficient, and in
this regard, the present study provides a platform for ongoing
and future investigations.
In conclusion, more and more attentions have been paid to
the study on oral vaccine using transgenic plants in the recent
years, and many great achievements have been attained in this
field. However, there is a long way to go before practical use
of oral vaccine. Many problems still need to be solved, such
as how to improve the accumulation of target protein in edible
tissues of transgenic plant, how to enlarge the production scale
of plant oral vaccine, how to properly determine the suitable
delivery method and dosage of plant oral vaccine.
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Abstract
Severe acute respiratory syndrome (SARS) is an infectious
atypical pneumonia that has recently been recognized in
the patients in 32 countries and regions. This brief review
summarizes some of the initial etiologic findings,
pathological description, and its lesions of digestive system
caused by SARS vi rus. It is an attempt to draw
gastroenterologists and hepatologists’ attention to this fatal
illness, especially when it manifests itself initially as
digestive symptoms.
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INTRODUCTION
In November 2002, a so-called atypical pneumonia with
unknown etiology appeared in Guangdong Province, China,
followed by reports from Hong Kong, Vietnam, Singapore,
Canada and Beijing of severe febrile respiratory illness that
spread to household members and health care workers[1-6,23-26].
This disease was designated “severe acute respiratory syndrome
(SARS)” later by the World Health Organization (WHO) and
global efforts to understand the cause of this illness and prevent
its spread were instituted in March 2003. Many cases could be
linked through chains of transmission to a health care worker
from Guangdong Province, China, who visited Hong Kong,
where he was hospitalized with SARS and died. Till May 19,
2003, a cumulative total of 7 864 SARS cases were reported
to WHO from 29 countries; 643 deaths (case-fatality
proportion: 8.2 %) have been reported, in which most cases
occurred in China (7291 cases)[7]. The incubation period for
the disease is usually 2 to 7 days. Infection is characterized by
fever, non-productive cough, and shortness of breath, and the
presence of minimal auscultatory findings with consolidation
o n ch est r ad io g r ap h s. Ly m p h o pen ia, leu cop en ia,
thrombocytopenia, and elevated liver enzymes and creatinine
kinase may also present in most cases.
In response to this outbreak, WHO coordinated an
international collab oratio n that included clinical,
epidemiologic, and laboratory investigation, and initiated
efforts to control the spread of SARS. Rapid research progress
has been made in last three months. This brief review is to
focus on the etiologic and pathologic findings with an emphasis
on the known lesions in the liver and intestine.

ETIOLOGICAL FINDINGS
The isolation of a novel coronavirus was obtained from the
respiratory secretions of patients with SARS and subsequently
demonstrating this virus or a serologic response to this virus,
points to a possible etiologic association with SARS[5,6,17,20,22,27].
The discovery of this new virus occurred through a broadbased and multidisciplinary effort by clinical, epidemiologic,
and laboratory investigators.
Researchers around the world have sequenced the genetic
codes of SARS virus, and are searching for clues to the virus’s
origins, behavior, and future. Science is set to publish online a
paper analyzing the genome from the BCCA Genome Sciences
Center in Vancouver, as well as one from the Centers for
Disease Control and Prevention (CDC) in Atlanta (www.
sciencemag.org/feature/data/sars). Now that sequencing
technology has become cheap and widely available, almost
every country or area affected by SARS is sequencing its own
version, including Hong Kong, Singapore and China[8-10]. The
viruses themselves are something of an oddity. With a genome
of the complete -29 700 nucleotides, coronaviruses are relative
giants, and they have a complex two-step replication
mechanism. Many RNA virus genomes contain a single, large
gene that is translated by the host’s cellular machinery to
produce all viral proteins. Coronaviruses, instead, can have
up to 10 separate genes. Most ribosomes translate the biggest
one of these, called replicase, which by itself is twice the size
of many other RNA viral genomes. The replicase gene produces
a series of enzymes that use the rest of the genome as a template
to produce a set of smaller, overlapping messenger RNA
molecules, which are then translated into the so-called structural
proteins - the building blocks of new viral particles. Most
coronaviruses cause either a respiratory or an enteric disease,
and some do both. But the differences among these types can
be small. In 1999, for instance, a team led by Luís Enjuanes of
the Autonomous University of Madrid, Spain, showed that just
two point mutations can change a mostly enteric virus that can
kill piglets into a nondeadly one that excels at the respiratory
route but replicates poorly in the gut[11].
Researchers have grouped coronaviruses into three categories
based on cross-reactivity of antibodies backed up by genetic
data; the two previously known human viruses fell into different
groups. Investigators have hoped that the genome sequence of
the new virus would help pinpoint its origins. But a first glance
at the data has yielded few clues. The new coronavirus does
not fit into any of the clusters but is a new one by itself.
Phylogenetic analysis of the predicted viral proteins indicates
that the virus does not closely resemble any of the three
previously known groups of coronaviruses. The genome
sequence will aid in the diagnosis of SARS virus infection in
humans and potential animal hosts (using PCR and
immunological tests), in the development of antivirals
(including neutralizing antibodies), and in the identification
of putative epitopes for vaccine development.
PATHOLOGICAL CHANGES IN THE LUNG
Pathological studies of patients who died of SARS from
Guangdong, Hongkong, Beijing and Singapore showed diffuse
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alveolar damage (DAD) in the lung as the most notable
feature [5,6,12,15,21]. In those individuals with severe disease
resulting in death, scattered type II pneumocytes showed
marked cytologic changes including multinucleation,
cytomegaly, nucleomegaly, clearing of nuclear chromatin, and
prominent nucleoli. Although these changes were severe, they
were within the spectrum of epithelial changes seen in other
cases of DAD. Definite viral inclusions were not always found
in the cytoplasm of epithelial cells. Nicholis et al[12] found that
DAD was common but not universal. Morphologic changes
identified were bronchial epithelial denudation, loss of cilia,
and squamous metaplasia. Other findings included focal
intraalveolar hemorrhage, hemophagocytosis, necrotic
inflammatory debris in small airways, organizing pneumonia
or secondary bacterial pneumonia.
DAD is a pattern of acute lung injury characterized, in the
acute phase, by hyaline membranes, interstitial and
intraalveolar edema, patchy type II pneumocyte hyperplasia,
microthrombi, and scant interstitial infiltrates of mononuclear
cells. The acute phase forms a continuum with the proliferative
or organizing phase in which proliferation of interstitial
fibroblasts and prominent type II pneumocyte hyperplasia are
the histologic hallmarks. In addition to DAD, the autopsy cases
showed acute bronchopneumonia and variable intravascular
thrombosis, all of which are common as terminal events. Biopsy
material from milder cases or earlier in the course of illness
may better define the initial lesion in SARS.
Multinucleated syncytial cells were identified in the alveolar
spaces in a few patients. These cells contained abundant
vacuolated cytoplasm with cleaved and convoluted nuclei,
which show either CD68 or cytokeratin positive. No obvious
intranuclear or intracytoplasmic viral inclusions were
identified, and electron-microscopical examination of a limited
number of these syncytial cells revealed no coronavirus
particles. No definitive immunostaining was identified in
tissues from a patient with SARS, with the use of a battery of
immunohistochemical stains reactive with coronavirus from
antigenic groups I, II, and III. In addition, no staining of patient
tissues was identified with the use of immunohistochemical
stains for influenza viruses A and B, adenoviruses, Hendra
and Nipah viruses, metapneumoviruses, respiratory syncytial
virus, measles virus, Myocoplasma pneumoniae,and
Chlamydia pneumoniae[14].
Evaluation of Vero E6 cells infected with coronavirus
isolated from a patient with SARS revealed viral cytopathic
effect that included occasional multinucleated syncytial cells
but no obvious viral inclusions. Immunohistochemical assays
with various antibodies reactive with coronavirus from
antigenic group I, including human coronavirus 229E, feline
infectious peritonitis virus 1, and porcine transmissible
gastroenteritis virus, and with an immune serum specimen from
a patient with SARS demonstrated strong cytoplasmic and
membranous staining of infected cells. No staining was
identified with any of several monoclonal or polyclonal
antibodies reactive with coronavirus in antigenic group II
(human coronavirus OC43, bovine coronavirus, and mouse
coronavirus) or group III (turkey coronavirus and infectious
bronchitis virus). Electron-microscopical examination of a
bronchoalveolar-lavage specimen from one patient revealed
many coronavirus-infected cells[14].
Ksiazek and colleagues [5] noticed that the primary
histopathological lesions are consistent with a nonspecific acute
response to lung injury that can be caused by infections, trauma,
drugs, or toxic chemicals. The multinucleated syncytial cells
without viral inclusions seen in the lungs of two patients,
however, are suggestive of a number of viral infections
including measles and parainfluenzavirus, respiratory syncytial
virus, and Nipah virus infection. Multinucleated syncytial cells
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associated with some human coronavirus infections have
occasionally been observed in cell culture, but most often in
cell cultures inoculated with animal coronaviruses. To detect
this novel coronavirus antigen, the investigators used an
extensive panel of antibodies against coronaviruses that are
representative of the three antigenic groups, including several
group 1 antiserum specimens that reacted against Urbani
SARS-associated coronavirus infected tissue-culture material.
A possible explanation for the failure of this antiserum to react
with antigens in these patients on immunohistochemical
analysis is that the host immune response has cleared the virus
from these tissues. The tissues were available late in the course
of the illness, 14 to 20 days after its onset. For many viral
respiratory infections, viral antigens and nucleic acids are
cleared within two weeks after the onset of disease.
Electron microscopic examination showed that virus-like
particles with 100-150 nm in diameter were found in cytoplasm
and dilated reticular endoplasm of the infected alveolar
epithelial cells and endothelial cells[5, 15-17]. Other agents, such
as paramyxovirus, metapneumovirus and chlamydia, were also
identified in the pulmonary tissues[16,22]. It could be that the
coronavirus may by itself produce the disease but it may also
open the door for other viruses, or nonviruses, to aggravate
the disease.
The pathogenesis of this disorder remains to be determined.
However, the mechanism of acute lung injury could involve
direct damage by the virus to the alveolar wall by targeting
either endothelial cells or epithelial cells. Alternatively, the
virus could infect inflammatory cells with the injury mediated
through cytokines, interleukins, or tumor necrosis factor-alpha.
It is also possible that the tissue damage in SARS is not directly
related to viral infection in tissues but is a secondary effect of
cytokines or other factors induced by viral infection proximal
to but not within the lung tissue. In influenza infections, viral
antigens are seen predominantly in respiratory epithelium of
large airways and are only rarely identified in pulmonary
parenchyma, despite concomitant and occasionally severe
interstitial pneumonitis.

LESIONS IN DIGESTIVE ORGANS
As previously described, most coronaviruses cause either a
respiratory or an enteric disease, which is also transmitted by
the faecal-oral route. During this outbreak of SARS, symptoms
of gastrointestinal tract in the patients were noticed. Many
investigators[13,19,24] found that gastrointestinal symptoms are
not uncommon at presentation, including diarrhea (19-50
percent), nausea and vomiting (19.6 percent), and abdominal
pain (13 percent) manifested in SARS patients.
As many as 66 % of the patients in the Amoy Garden SARS
outbreak in Hong Kong also had diarrhea, contributing to a
significant virus load being discharged in the sewerage, which
caused 361 cases of SARS[3]. During hospitalization, some
patients were present with mildly elevated aminotransferase
levels (indicating liver damage), or developed dysfunction of
the liver at the later stage of the disease. Some patients
presented with severe acute abdominal pain requiring
exploratory laparotomy. All these patients developed typical
SARS. These clinical findings suggest that SARS virus does
involve the digestive system, especially the epithelial cells of
intestinal mucosa.
Patholologic evaluation of the fatal cases showed that, except
the lung changes, hepatocytes underwent fatty degeneration,
cloudy swelling, apoptosis and dot necrosis, with Kupffer cell
proliferation and portal infiltrates of lymphocytes[15,16]. There
were regional hemorrhages, vascular congestion and
lymphocytic infitration in gastrointestinal walls of the patient.
Suckling mice inoculated with SARS-infected samples also
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demonstrated hepatocytic lesions, including swelling, vacuolar
and hydropic degenerations, focal cellular condensation and
necrosis. But no coronavirus-like particles were found in
hepatocytes.
Epidemiologic investigation also showed that the virus
could survive in stools for at least two days and in diarrhoeal
stools, which has a higher pH, for up to four days. It can also
survive on plastic surfaces for up to 48 hours, but it is not yet
known how big a dose of the virus is required to cause
infection[18].
According to the experience of Prince of Wales Hospital in
Hong Kong[20], where SARS outbreak happened, the difficulty
of making a firm diagnosis until chest radiographic changes
appear has important implications for health-care personnel
and for surveillance. Three major reasons for spread of infection
to health-care workers are: failure to apply isolation precautions
to cases not yet identified as SARS, breaches of procedure,
and inadequate precautions. Every patient must now be
assumed to have SARS, which has major long-term
implications for the health-care system. Another reason for
spread among health-care workers is infected workers
continuing to work despite symptoms, such as mild fever. Such
individuals must now cease working. However, staying at home
can also have disastrous consequences for exposed family
members. Potential cases therefore require early isolation from
both workplace and household. Extreme measures are required
to protect health-care workers, who account for about 20 % of
cases. Therefore, gastroenterologists and hepatologists should
pay more attention when contacting the patients.
SARS has been appropriately elicited because current
knowledge regarding the transmission of this disease is rapidly
evolving and clinicians must provide patient care while dealing
with a degree of uncertainty. The Centers for Disease Control
and Prevention have published and regularly update logical
recommendations for preventing the spread of the causative
agent. The causative organism appears to spread predominantly
by contact and droplets and may spread by airborne routes as
well. The use of N-95 masks, gowns, double gloves, hand
hygiene, and eye protection seem well advised and appear to
have substantially curtailed spread within hospitals.
Global efforts have described this new syndrome with
dramatic speed, and identified and sequenced the apparent
etiologic agents. With expedited efforts to develop a specific
diagnostic test, effective infection-control techniques, and to
develop effective therapies and vaccines for SARS-associated
coronavirus, and to create a true global health network, there
is much reason for optimism. To be prepared for that challenge,
health care professionals must not forsake their patients, the
research community must help provide answers to the
unanswered questions, and health care leadership must take
the knowledge from that research to rapidly implement
whatever strategies necessary to better combat this newly
emerging infectious disease[28].
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Abstract
It has been proved that severe acute respiratory syndrome
(SARS) is caused by SARS-associated coronavirus, a novel
coronavirus. SARS originated in Guangdong Province, the
People’s Republic of China at the end of 2002. At present,
it has spread to more than 33 countries or regions all over
the world and affected 8 360 people and killed 764 by May
31,2003. Identification of the SARS causative agent and
development of a diagnostic test are important. Detecting
disease in its early stage, understanding its pathways of
transmission and implementing specific prevention
measures for the disease are dependent upon swift
progress. Due to the efforts of the WHO-led network of
laboratories testing for SARS, tests for the novel coronavirus
have been developed with unprecedented speed. The
genome sequence reveals that this coronavirus is only
moderately related to other known coronaviruses. WHO
established the definitions of suspected and confirmed and
probable cases. But the laboratory tests and definitions
are limited. Until now, the primary measures included
isolation, ribavirin and corticosteroid therapy, mechanical
ventilation, etc. Other therapies such as convalescent
plasma are being explored. It is necessary to find more
effective therapy. There still are many problems to be solved
in the course of conquering SARS.
Nie QH, Luo XD, Hui WL. Advances in clinical diagnosis and
treatment of severe acute respiratory syndrome. World J
Gastroenterol 2003; 9(6): 1139-1143
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INTRODUCTION
On 12 March 2003, the World Health Organization (WHO)
issued a global alert on the atypical pneumonia, also called
severe acute respiratory syndrome (SARS), after reports from
the Department of Health of Hong Kong of an outbreak of
pneumonia in one of its public hospitals. At about the same
time, WHO received reports of the syndrome from China,
Singapore, Vietnam, Thailand, Indonesia, Taiwan, and the
Philippines, as well as from countries in other continents
including Canada, the United States, and Germany. The disease

originated in Guangdong Province at the end of 2002 and has
affected 8 360 people and killed 764 by May 31, 2003. Dr.
Carlo Urbani reported the disease first in a Vietnam French
Hospital of Hanoi[1]. WHO took prompt measures to avoid
wider spread of SARS according to his alarm. It has been
proved that a novel coronavirus is associated with SARS
(SARS-CoV), and that this virus plays an etiologic role in
SARS[2-9]. Because of the death of Dr. Carlo Urbani (46 years
old, an expert of infectious diseases, Italian) from SARS,
Ksiazek and his colleagues proposed that their first isolate be
named the Urbani strain of SARS-associated coronavirus.
On 17 March 2003, WHO called upon 11 laboratories in 9
countries to join a collaborative multi-center research project
on SARS diagnosis. This network took advantage of modern
communication technologies to share outcomes of investigation
of clinical samples from SARS cases in real time. Clinicians
from China, Hong Kong and the USA introduced their own
experience of treatment on SARS. Scientists have made great
progress in the clinical diagnosis and treatment of SARS.
However, there are still many difficulties and problems to be
solved in the course of conquering SARS.

DIAGNOSIS
Identification of SARS causative agent and development of a
diagnostic test are of paramount importance. Detecting disease
in its early stage, understanding its pathways of transmission
and implementing disease specific prevention measures are
dependent upon swift progress and results in aetiological and
diagnostic research.
Clinical presentations
Booth et al[10] reported that features of the clinical examination
most commonly found in the patients at admission were selfreported fever (99 %), documented elevated temperature
(85 %), nonproductive cough (69 %), myalgia (49 %), and
dyspnea (42 %). The reports from Zhong[11] and Chan-Yeung
et al[12] were similar to this.
Laboratory tests
Due to the efforts of the WHO-led international multi-center
collaborative network of laboratory testing for SARS, tests
for the novel coronavirus have been developed with
unprecedented speed[13].
Early in the course of the disease, the absolute lymphocyte
count is often decreased. Overall white blood cell counts are
generally normal or decreased. At the peak of the respiratory
illness, approximately 50 % of patients have leukopenia and
thrombocytopenia or low platelet counts within normal range.
Early in th e resp irato r y p h ase, elev ated cr eatin e
phosphokinase levels (as high as 3 000 IU/L) and hepatic
transaminases (two to six times of the upper limits of normal)
have been noted. In the majority of patients, renal function is
normal. Common laboratory features include elevated lactate
dehydrogenase (87 %), hypocalcemia (60 %), and
lymphopenia (54 %). Only 2 % of patients have rhinorrhea[10]
(Tables 1 and 2).
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Table 1 Earliest symptoms of SARSa
Symptom

No. (%) of patients (n=144)

Fever (n=106)
Alone

33(23)

With prodrome

33(23)

With prodrome and cough or dyspnea

16(11)

With cough or dyspnea

15(11)

With other combinations

9(6)

Prodrome alone

19(13)

Cough or dyspnea alone

13(9)

Symptom reported first
Prodrome

74(52)

Fever

106(74)

Cough or dyspnea

51(35)

Diarrhea
a

9(6)

Prodrome includes headache, malaise, or myalgia.

Table 2 Laboratory features of SARS at admission and during
hospitalization
At admission

During hospitalizationa

Median No./Total(%)
(IQR)
Abnormalb

Median No./Total (%)
(IQR)
Abnormalb

Lymphocytes, /µL

900
104/122
(700-1300)
(85)

500
(400-800)

106/120
(88)

Lactate dehydrogenase, U/L

396
(219-629)

86/99
(87)

630
(363-1156)

115/123
(94)

Creatine kinase, U/L

157
(70-310)

43/109
(39)

370
(208-959)

64/118
(54)

Potassium, mEq/L

3.7
(3.4-4.0)

36/137
(26)

3.2
(2.9-3.4)

60/140
(43)

Calcium, mg/dLc

8.52
(8.2-9.16)

53/89
(60)

8.1
(7.76)

71/101
(70)

Magnesium, mg/dL

1.94
(1.7-2.19)

12/68
(18)

1.43
(0.97-1.51)

55/96
(57)

Phosphorus, mg/dL

3.10
(2.76-3.69)

17/64
(27)

2.17
(1.83-2.48)

41/78
(53)

Abbreviations: IQR, interquartile range; SI conversions: To
convert calcium to mmol/L. multiply by 0.25. To convert magnesium to mmol/L, multiply by 0.411. To convert phosphorus
to mmol/L, multiply by 0.323. aThe most abnormal value recorded used. bDefined as lymphocytes <1 500/µL; lactate dehydrogenase >190 U/L; creatine kinase >240 U/L for men and
>190 U/L for women; potassium <3.5 mEq/L; calcium <8.8
mg/dL; magnesium <1.70 mg/dL; phosphate <2.79 mg/dL.
c
Calcium values have been corrected for serum albumin.

Radiographic findings of SARS
Wong et al[14] found that initial chest radiographs were abnormal
in 108 of 138 (78.3 %) patients and showed air-space opacity.
Lower lung zone (70 of 108, 64.8 %) and right lung (82 of
108, 75.9 %) were more preferably involved. In most patients,
peripheral lung involvement was more common (81 of 108,
75.0 %). Unifocal involvement (59 of 108, 54.6 %) was more
frequent than multifocal or bilateral involvement.
Molecular test (PCR)
Sequencing of the about 30000-base genome of the SARSassociated coronavirus has completed [15-21]. The genome
sequence revealed that this coronavirus was only moderately
related to other known coronaviruses, including two human
coronaviruses, HCoV-OC43 and HCoV-229E. A valid positive
PCR result indicated that there was genetic material (RNA)
from the SARS-CoV in the sample. However, it does not mean
the virus present is infectious, or that it is present in a large
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enough quantity to infect another person. Negative PCR results
do not exclude SARS. Besides the possibility of obtaining falsenegative test results, specimens may not have been collected
at a time when the virus or its genetic material was present.
The SARS-CoV-specific RNA can be detected in various
clinical specimens such as blood, stool, respiratory secretions
or body tissues by PCR. A number of PCR protocols developed
by members of the WHO laboratory network are available on
a WHO website[22].
Despite their high sensitivity, the existing PCR tests cannot
rule out the presence of the SARS virus in patients on account
of possible false negative results. On the other hand,
contamination of samples in laboratories may lead to false
positive results.

SARS-CoV isolation
The presence of the infectious virus can be detected by
inoculating suitable cell cultures (e.g.Vero cells) with patient’s
specimens (such as respiratory secretions, blood or stool) and
propagating the virus in vitro. Once isolated, the virus must be
identified as SARS-CoV using further tests. Cell culture is a
very demanding test, but is currently (with the exception of
animal trials) the only means to show the existence of a live
virus. Positive cell culture results indicate the presence of live
SARS-CoV in the sample. Negative cell culture results do not
exclude SARS.
Antibody detection
Various methods provide a means for the detection of
antibodies produced in response to infection with SARS-CoV.
Different types of antibodies (IgM or IgG) appear and change
in level during the course of infection. They can be undetectable
in the early stages of infection. IgG usually remains detectable
after resolution of the illness. It was reported that IgG would
reach peak value 60 days after obvious symptoms and then
keep it, while IgM would reach peak value on day 14 after
onset of apparent symptoms. Enzyme-linked immunosorbent
assay (ELISA), immunofluorescence assay (IFA), neutralisation
test are being developed, but are not yet commercially available.
WHO CASE DEFINATION[23]
The definitions of suspected and confirmed and probable case
according to the WHO Case Definition are as follows:
Suspect case
A person presenting after 1 November 2002, with history of:
high fever (>38 ) and cough or breathing difficulty, and one
or more of the following exposures during the 10 days prior to
onset of symptoms: (1) close contact, with a person who is a
suspect or probable case of SARS; (2) history of travel, to an
area with recent local transmission of SARS; (3) residing in
an area with recent local transmission of SARS. Close contact
means having cared for, lived with, or had direct contact with
respiratory secretions or body fluids of a suspect or probable
case of SARS.
A person with an unexplained acute respiratory illness resulting
in death after 1 November 2002, but on whom no autopsy has
been performed, and one or more of the following exposures
during the 10 days prior to onset of symptoms: (1) close
contact with a person who is a suspect or probable case of
SARS; (2) history of travel to an area with recent local
transmission of SARS, and (3) residing in an area with recent
local transmission of SARS.
Probable case
(1) A suspect case with radiographic evidence of infiltrates
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consistent with pneumonia or respiratory distress syndrome
(RDS) on chest X-ray (CXR). (2) A suspect case of SARS that
is positive for SARS coronavirus by one or more assays. See
Use of laboratory methods for SARS diagnosis. (3) A suspect
case with autopsy findings consistent with the pathology of
RDS without an identifiable cause.

Exclusion criteria
A case should be excluded if an alternative diagnosis can fully
explain their illness.
Reclassification of cases
As SARS is currently a diagnosis of exclusion, the status of a
reported case may change over time. A patient should always
be managed as clinically appropriate, regardless of their case
status. (1) A case initially classified as suspect or probable, for
whom an alternative diagnosis can fully explain the illness,
should be discarded after carefully considering the possibility
of co-infection. (2) A suspect case who, after investigation,
fulfils the probable case definition should be reclassified as
“probable”. (3) A suspect case with a normal CXR should be
treated, as deemed appropriate, and monitored for 7 days. Those
cases in whom recovery is inadequate should be re-evaluated
by CXR. (4) Those suspect cases in whom recovery is adequate
but whose illness cannot be fully explained by an alternative
diagnosis should remain as “suspect”. (5) A suspect case who
died, on whom no autopsy was conducted, should remain
classified as “suspect”. However, if this case is identified as
being part of a chain transmission of SARS, the case should
be reclassified as “probable”. (6) If an autopsy was conducted
and no pathological evidence of RDS was found, the case
should be “discarded”.
The surveillance period began on 1 November 2002 to
capture cases of atypical pneumonia in China now recognized
as SARS. International transmission of SARS was first reported
in March 2003 for cases with onset in February 2003. The
Centers for Disease Control and Prevention have added
laboratory criteria for evidence of infection with SARS-CoV
to the interim surveillance case definition[24]. Using the new
laboratory criteria, a SARS case is laboratorily confirmed if
one of the following is met: detection of the SARS-CoV
antibody by indirect fluorescent antibody (IFA) or enzymelinked immunosorbent assay (ELISA), isolation of SARS-CoV
in tissue culture, detection of SARS-CoV RNA by reverse
transcriptasepolymerase chain reaction (RT-PCR), which must
be confirmed by a second PCR test. Negative laboratory results
for PCR, viral culture, or antibody tests obtained within 21
days of illness do not rule out SARS-CoV infection. In these
cases, an antibody test of a specimen obtained more than 21
days after the onset of illness is needed to determine infection.
Unless PCR confirms the initial suspicion of SARS infection,
the diagnosis of SARS is based on the clinical findings of an
atypical pneumonia not attributed to any other cause as well
as a history of exposure to a suspect or probable case of SARS,
or to their respiratory secretions or other body fluids. The initial
diagnostic testing for suspected SARS patients should include
chest radiography, pulse oximetry, blood cultures, sputum
Gram stain and culture, and testing for viral respiratory
pathogens, obviously influenza A and B and respiratory
syncytial virus. A specimen for Legionella and pneumococcal
urinary antigen testing should also be considered.
Clinicians should save any available clinical specimens
(respiratory, blood, and serum) for additional testing until a
specific diagnosis is made. Acute and convalescent (greater
than 21 days after the onset of symptoms) serum samples should
be collected from each patient who meets the definition criteria
for SARS. Specific instructions for collecting specimens from
suspected SARS patients are available on the Internet.
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In the early stages, SARS may be hard to differentiate from
other viral infections, and diagnostic delays may contribute to
the spread of the epidemic. Nevertheless, until standardized
reagents for virus and antibody detection become available
and methods have been adequately tested, the diagnosis of
SARS remains based on clinical and epidemiological findings.
The revised case definition for the first time includes laboratory
results: a suspected case of SARS, that is positive for SARSCoV in one or more assays, should be reclassified as a probable
case. At present there are no defined criteria for SARS-CoV
test results to confirm or reject the diagnosis of SARS.
Positive laboratory test results for other known agents that
are able to cause atypical pneumonia such as Legionella
pneumophila, influenza and parainfluenza viruses,
mycoplasma pneumoniae etc. may serve as exclusion criteria;
according to the case definition, a case should be excluded if
an alternative diagnosis can fully explain the illness. However,
the possibility of dual infection must not be ruled out
completely. According to our clinical experience and
correlative papers, we think that exact diagnosis of a confirmed
case must need a history of close contact and persistent
symptoms (fever or influenza-like symptom). To observe the
chest x-ray of patient continuously is also necessary.

TREATMENT
From initial clinical experience, SARS can develop in stages,
including acute constitutional symptoms, acute viral
pneumonitis, acute lung injury, and even acute respiratory
distress syndrome, evolving over 1 to 2 weeks. Initial infection
followed by a hyperactive immune response appears to underlie
the severe manifestations of SARS. Therefore, corticosteroids
can be used to dampen excessive lung damage due to an
inflammatory response.
Ribavirin and gucocorticoid therapy
A series of 31 patients with probable SARS were treated
according to a treatment protocol consisting of antibacterials
and a combination of ribavirin and methylprednisolone in Hong
Kong[25]. One patient recovered by antibacterial treatment alone,
17 showed rapid and sustained responses, and 13 achieved
improvements with step-up or pulsed methylprednisolone. Four
patients required short periods of non-invasive ventilation. No
patient required intubation or mechanical ventilation. There
was no mortality or treatment morbidity in this series. The
following is the standard protocol.
Antibacterial treatment
(1) Levofloxacin 500 mg once daily intravenously or orally;
(2) Or clarithromycin 500 mg twice daily orally plus
coamoxiclav(amoxicillin and clavulanic acid) , 375 mg three
times daily orally if patient is <18 years old, pregnant, or
suspected to have tuberculosis.
Ribavirin and methylprednisolone
Combination treatment with ribavirin and methylprednisolone
when: (1) Extensive or bilateral chest radiographic
involvement; (2) Or persistent chest radiographic involvement
and persistent high fever for 2 days; (3) Or clinical, chest
radiographic, or laboratory findings suggestive of worsening;
(4) Or oxygen saturation <95 % in room air.
Standard corticosteroid regimen for 21 days
(1) Methylprednisolone 1 mg/kg every 8 h (3 mg/kg daily)
intravenously for 5 days; (2) Then methylprednisolone 1 mg/
kg every 12 h (2 mg/kg daily) intravenously for 5 days; (3)
Then prednisolone 0·5 mg/kg twice daily (1 mg/kg daily) orally

1142

ISSN 1007-9327

CN 14-1219/ R

for 5 days; (4) Then prednisolone 0·5 mg/kg daily orally for 3
days; (5) Then prednisolone 0·25 mg/kg daily orally for 3 days;
(6) Then off.

Ribavirin regimen for 10-14 days
(1) Ribavirin 400 mg every 8 h (1 200 mg daily) intravenously
for at least 3 days (or until condition becomes stable); (2) Then
ribavirin 1 200 mg twice daily (2 400 mg daily) orally.
Pulsed methylprednisolone
(1) Give pulsed methylprednisolone if clinical condition, chest
radiograph, or oxygen saturation worsens (at least two of these),
and lymphopenia persists; (2) Give methylprednisolone 500
mg twice daily intravenously for 2 days, then back to standard
corticosteroid regimen.
Mechanical ventilation
Traditional approaches to mechanical ventilation use tidal
volumes of 10 to 15 ml per kilogram of body weight and may
cause stretch-induced lung injury in patients with acute lung
injury and the acute respiratory distress syndrome. The Acute
Respiratory Distress Syndrome Network therefore conducted
a trial. The mean tidal volumes on days 1 to 3 were 6.2±0.8
and 11.8±0.8 ml per kilogram of predicted body weight. They
found that in patients with acute lung injury and acute
respiratory distress syndrome, mechanical ventilation with a
lower tidal volume than traditionally used resulted in
decreased mortality and increased number of days without
ventilator use[26-29].
Cordingley et al[30] suggests that reduced mortality may be
achieved by using a strategy that aims at preventing
overdistension of the lungs. There is no clinical evidence to
support the use of specific FiO2 thresholds, but it is common
clinical practice to decrease FiO2 below 0.6 as quickly as
possible. SaO2 values of around 90 % are commonly accepted.
PaCO2 is allowed to rise during lung protective volume and
pressure limited ventilation. PaCO2 levels of 2-3 times 3 normal
seem to be well tolerated for prolonged periods. Renal
compensation for respiratory acidosis occurs over several days.
Many clinicians infuse sodium bicarbonate slowly if arterial
pH falls below 7.20, Set PEEP at a relatively high level such
as 15 cm H2O in patients with ARDS. It is common practice
during pressure control ventilation to increase the I:E ratio to
1:1 or 2:1 (inverse ratio ventilation) with close monitoring of
intrinsic PEEP and haemodynamics.
Other therapies being studied
At present, serum therapy is being studied for SARS patients.
40 patients were divided into two groups in the Medical College
of Hong Kong Chinese University. One group was treated with
convalescent plasma and another group not. The effect was
obviously different among two groups after one month, the
therapy group died no patients while another group 3 patients,
but it needs more clinical trial to be proved. In their opinion,
to use convalescent plasma within earlier two weeks will
shorten the in-hospital period and fever time and reduce
mortality. Serum therapy was used to dying patients and aged
patients with other severe or chronic disease and pregnant
women.
As to another trial in Hong Kong[31], treatment of a SARS
patient followed by 200 ml convalescent plasma donated by
SARS patients in their convalescent phase. No adverse reaction
occurred after administration of convalescent plasma. The fever
subsided, chest X-ray showed further resolution of basal lung
infiltrates, and she made an uneventful recovery. Although no
probable SARS case has been ascribed to transmission by labile
blood products or blood derivatives, there is a theoretical risk
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of transmission of the SARS virus through transfusion of labile
blood products, since low viraemia has been detected up to
approximately 10 days after the onset of symptoms from
probable SARS patients[32].
Moller et al[33] reported that bovine surfactant therapy in
severe ARDS improved oxygenation immediately after
administration. This improvement was sustained only in the
subgroup of patients without pneumonia but with an initial
PaO2/FIO2 ratio higher than 65. The SARS studies on antisense
oligonucleotide drug, polypeptide, and vaccine will benefit the
treatment of this disease.
It has been proved that a novel coronavirus is the cause of
SARS with strong infectivity. Up to now, we have only
understood the preliminary pathogenesis and epidemiology of
SARS. After all SARS is a disease seen never before in human.
To control and defend human being from this disease, further
studies are needed, such as: (1) origin, mutation, life cycle,
transmission pathways of SARS-CoV; (2) the mechanisms of
SARS-CoV replicating and coming into the host cell; (3)
pathogenesis of acute lung injury and abnormal immune
response; (4) rapid diagnosis and vaccine, and (5) effective
medicine such as inhibitory polypeptide. With rapid progress
in the basic studies of the disease all over the world, more
effective drugs and treatment measures will be discovered in
the days to come and SARS will be put under complete control
by mankind soon.
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Abstract
Tumor angiogenesis is the proliferation of a network of blood
vessels that penetrates into cancerous growths, supplying
nutrients and oxygen and removing waste products. The
process of angiogenesis plays an important role in many
physiological and pathological conditions. Solid tumors
depend on angiogenesis for growth and metastasis in a
hostile environment. In the prevascular phase, the tumor is
rarely larger than 2 to 3 mm3 and may contain a million or
more cells. Up to this size, tumor cells can obtain the
necessary oxygen and nutrient supplies required for growth
and survival by simple passive diffusion. The properties of
tumors to release and induce several angiogenic and antiangiogenic factors which play crucial roles in regulating
endothelial cell (EC) proliferation, migration, apoptosis or
survival, cell-cell and cell-matrix adhesion through different
intracellular signaling are thought to be the essential
mechanisms during tumor-induced angiogenesis. Tumor
angiogenesis actually starts with tumor cells releasing
molecules that send signals to surrounding normal host
tissue. This signaling activates certain genes in the host
tissue that, in turn, make proteins to encourage growth of
new blood vessels. In this review, we focus the mechanisms
of tumor-induced angiogenesis, with an emphasis on the
regulatory role of several angiogenic and anti-angiogenic
agents during the angiogenic process in tumors. Advances
in understanding the mechanisms of tumor angiogenesis
have led to the development of several most effective antiangiogenic and anti-metastatic therapeutic agents and also
have provided several techniques for the regulation of
cancer’s angiogenic switch. The suggestion is made that
standard cytotoxic chemotherapy and angiogenesis inhibitors
used in combination may produce complementary
therapeutic benefits in the treatment of cancer.
Gupta MK, Qin RY. Mechanism and its regulation of tumor-induced
angiogenesis. World J Gastroenterol 2003; 9(6): 1144-1155
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MECHANISM OF ANGIOGENESIS
Angiogenesis is a complex multi-step process involving
extensive interplay between cells, soluble factors, and
extracellular matrix (ECM) components. Four distinct
sequential steps in angiogenesis include: (1) degradation of
basement membrane by proteases; (2) migration of endothelial
cells (ECs) into the interstitial space and sprouting; (3) ECs

proliferation at the migrating tip; (4) lumen formation,
generation of new basement membrane with the recruitment
of pericyte, formation of anastomoses and finally blood flow[1].
The angiogenic response in the microvasculature is associated
with changes in cellular adhesive interactions between adjacent
ECs, pericytes and surrounding ECM. In the process of active
neovascularization, activated ECs reorganize their
cytoskeleton, express cell surface adhesion molecules such as
integrins and selectins, secrete proteolytic enzymes, and
remodel their adjacent ECM. These events are followed by
the formation of capillary buds. Autocrine and/or paracrine
angiogenic factors must be present to induce EC migration,
proliferation, elongation, orientation and differentiation leading
to the re-establishment of the basement membrane, lumen
formation and anastomosis with other new or pre-existing vessels,
eventually leading to the formation of intact microvessels.

CANCER’S ANGIOGENIC SWITCH
Angiogenic phenotype serves the development of malignant
tumor at multiple stages. Tumor cells may overexpress one or
more of the positive regulators of angiogenesis, may mobilize
an angiogenic protein from the ECM, may recruit host cells
such as macrophages (which produce their own angiogenic
proteins), or may engage in a combination of these processes.
Tumor angiogenesis is mediated by tumor-secreted angiogenic
growth factors that interact with their surface receptors
expressed on ECs. The most commonly found angiogenic
growth factors such as VEGF and bFGF, when encounter ECs,
they bind to the tyrosine kinase receptors on ECs membrane.
Binding leads to dimerization of the receptors and activation of
autophosphorylation of tyrosines on the receptor surface and
thereby initiates the several signaling proteins (including PI3kinase, Src, Grb2/m-SOS-1 (a nucleotide exchange factor for
Ras) and signal transducers and activators of transcriptions
(STATs) each of which contains src-homology-2 (SH-2)
domains[2]. Binding of the SH-2 regions of these proteins to the
phosphotyrosines on the receptor tyrosine kinases (RTKs)
activates several pathways that are crucial for triggering the cell
cycle machinery. The most well studied pathway passes through
the GTP-binding protein Ras and activates the mitogen activated
protein kinase (MAPK) cascade and subsequently transcription
factors in the nucleus[2]. Up-regulation of an angiogenic factor
is not sufficient in itself for a tumor cell to become angiogenic,
however, certain negative regulators or inhibitors of vessel
growth may need to be down-regulated [3]. If there is a
preponderance of angiogenic factors in the local milieu, the
neovasculature may persist as capillaries, or differentiate into
mature venules or arterioles. If instead, the local milieu changes
such that there is a preponderance of angiostatic factors, the
neovessels can regress. The angiostatic factors that mediate
regression can do so either by inducing apoptosis or cell cycle
arrest of ECs. Thus, the switch to the angiogenic phenotype is
regulated by a change in the local equilibrium between positive
and negative regulators of the growth of microvessels[1, 3].
FACTORS INVOLVED IN TUMOR ANGIOGENESIS
Vascular endothelial growth factor and receptors
Vascular endothelial growth factor (VEGF), also known as
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vascular permeability factor (VPF), is a heparin-binding
angiogenic growth factor, and is highly expressed in various
types of tumors. It may increase ECs permeability by enhancing
the activity of vesicular-vacuolar organelles, clustered vesicles
in ECs lining small vessels that facilitate transport of metabolites
between luminal and abluminal plasma membranes [4] .
Alternatively, VEGF may enhance permeability through
mitogen-activated protein (MAP) kinase signal transduction
cascade by loosening adhering junctions between ECs in a
monolayer via rearrangement of cadherin/catenin complexes[5, 6].
In addition, recent studies have shown that VEGF enhances
ECs permeability by activating PKB/Akt, endothelial nitricoxide synthase (eNOS), and MAP kinase dependent pathways
using human umbilical vein endothelial cell[7] (Figure 1).
Increased vascular permeability may allow the extravasation
of plasma proteins and formation of ECM favorable to
endothelial and stromal cell migration.
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Figure 1 The triggering mechanism in tumor angiogenesis:
inactivated tumor suppressor genes/activated oncogenes
versus hypoxia.

VEGF is an EC specific mitogen. VEGF, after binding to
its high affinity receptors (Flt-1/VEGFR-1, Flk-1/KDR/
VEGFR-2), promotes the formation of the second messenger
via hydrolysis of inositol, thus induces the autophosphorylation
of the receptors in the presence of heparin-like molecules, and
open phosphatidylinositol metabolic signal transduction
pathways, activates MAP kinases in EC and thereby VEGF
exerts its mitogenic effect by promoting EC proliferation[8, 9].
VEGF induces a balanced system of proteolysis that can
remodel ECM components necessary for angiogenesis. VEGF
stimulates EC production of urokinase-like plasminogen
activator (uPA), tissue type plasminogen activator (tPA) and
plasminogen activator inhibitor-1 (PAI-1)[10, 11], proteolytic
enzymes, tissue factors, and interstitial collagenase [12].
Plasminogen activators activate plasminogen to plasmin, which
can break down ECM components. In addition to remodeling
the basement membrane, uPA bound to uPAR also mediates
intracellular signal transduction in ECs. Tang et al. have
demonstrated that uPAR occupancy on ECs results in the
phosphorylation of focal adhesion proteins and the activation
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of MAP kinase[13] through which uPA influences EC migration
and proliferation (Figure 2).
Moreover, VEGF has been shown to exhibit its angiogenic
effect by inducing expression of the α1β 1, α2β 1 and αvβ 3integrins, which promote cell migration, proliferation and
matrix reorganization (Figure 2), and α1β 1, α2β 1 and αvβ 3
antagonists may prove effective on inhibiting VEGF-driven
angiogenesis associated with cancers and other pathologies
through apoptosis[14, 15]. VEGF, in addition to a very specific
mitogen for vascular EC, is a potent pro-survival factor for ECs
in newly formed immature vessels. Several endothelial survival
factors (VEGF, angiopoietin-1 and αvβ3) suppress p53, p21,
p16 and p27, and proapoptotic protein Bax, whereas they
variably activate the survival PI3k/Akt, p42/44 MAP kinases,
bcl-2, A1 and survivin pathways[16-20](Figure 2). It was reported
that p42/p44 MAP kinases promoted VEGF expression by
activating its transcription via recruitment of the AP-2/Sp1
(activator protein-2) complex on the proximal region (-88/-66)
of the VEGF promoter and by direct phosphorylation of hypoxiainducible factor 1 alpha (HIF-1 alpha)[21]. Pharmacological
inhibition of PI3K or transfection with a dominant-negative
Akt mutant abolished the antiapoptotic effect of VEGF on ECs.
In addition to the PI3K/Akt pathway, ras-dependent signaling
pathways might also play an important role at least for VEGF
signaling. Thus, H-rasV12G down-regulation leads to profound
tumor regression, which is initially characterized by massive
apoptosis of tumor- and host-derived ECs [22]. Therefore,
apoptosis induction is resistant to enforced VEGF expression,
suggesting that VEGF requires an intact Ras-dependent
signaling pathway to mediate its apoptosis inhibitory effect[22].
And also, VEGF via the KDR/Flt-1 receptor induces enhanced
expression of the serine-threonine protein kinase Akt[19], a
downstream target of PI3-kinase, which potently blocks
apoptosis by interfering with various apoptosis signaling
pathways[23, 24], promotes EC migration[25], and enhances the
expression of the hypoxia-inducible factor (HIF), which is
known to stimulate VEGF expression[26], suggesting a potent
proangiogenic effect[27, 28]. These findings have identified the
VEGFR2 and the PI3K/Akt signal transduction pathway as
crucial elements in promoting EC survival induced by VEGF.
The downstream effector pathways mediating the antiapoptotic
VEGF effect include Akt-dependent activation of the
endothelial nitric oxide synthase (NOS)[29, 30], resulting in an
enhanced endothelial NO synthesis, which, in turn promotes
EC survival (Figure 2). Gupta et al. demonstrated that the
VEGF-induced activation of the MAPK/extracellular signalregulated kinase (ERK) pathway and inhibition of the stressactivated protein kinase/c-Jun amino-terminal kinase pathway
is also implicated in the antiapoptotic effect mediated by
VEGF[31] (Figure 2). Interestingly, the activation of the PI3K/
Akt pathway mediates not only the antiapoptotic effect but
also the migratory effect of VEGF on ECs via Akt-dependent
phosphorylation and activation of eNOS[32] (Figure 2).
The expression of VEGF mRNA is highest in hypoxic tumor
cells adjacent to necrotic areas. Hypoxia-induced transcription
of VEGF mRNA is apparently mediated, at least in part, by
the binding of hypoxia-inducible factor 1 (HIF-1) to an HIF-1
binding site located in the VEGF promoter, and by the activation
of a stress inducible PI3K/Akt pathway[26,33]. In fact, progressive
growth of tumor creates ongoing hypoxia, which up-regulates
several pro-angiogenic compounds including VEGF, bFGF, IL8, TNF-α, TGF-β etc. These compounds, via several mechanisms
such as increase of vessel hyperpermeability, release of plasma
proteins, induction of proteases, fibrin formation, EC
proliferation, migration etc, promote angiogenesis and
fibrinolysis resulting in continued tumor growth and
dysfunctional vasculature, which further positively feedback to
create continuing hypoxia inside tumors (Figure 1).
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Fibroblast growth factors
Fibroblast growth factors (FGFs) and their receptors are
overexpressed in various types of cancers, and are important
tumor angiogenic and ECs survival factors. Pardo et al. reported
that bFGF induced expression of the antiapoptotic proteins bclXL and bcl-2 via the MEK/ERK signaling pathway[34] (Figure
2). Expression of VEGF mRNA in the tumor is increased by
bFGF overexpression, and the bFGF-induced tumor
development is significantly inhibited by treatment with KDR/
Flk-1 neutralizing monoclonal antibody (mAb), which suggests
that bFGF synergistically augments VEGF-mediated
hepatocellular carcinoma development and angiogenesis, at
least in part, by induction of VEGF through KDR/Flk-1[35]. In
addition, bFGF induces an increase of VEGF mRNA in
vascular smooth muscle cells[36] and an increase in VEGF
receptors in microvascular ECs [37]. aFGF and bFGF are
mitogenic for ECs and stimulate ECs migration as well as ECs
production of plasminogen activator (PA) and collagenase that
are capable of degrading basement membrane[38] (Figure 2).
FGFs are responsible for production of ECM and release of
matrix metalloproteinases (MMPs) for selective degradation
and organization of ECM[39] (Figure 2).

Binding of FGFs to their high affinity receptors causes the
activation of the intrinsic tyrosine kinase and a cascade of
events, leading eventually to the induction of immediate early
gene transcription, and to cell proliferation. FGFs receptors
dimerize upon ligand binding, and transphosphorylate at
tyrosine residue. Angiogenic growth factors, like bFGF and
VEGF165, require interaction with heparin sulfate (HS) in
order to induce a proliferative signal through tyrosine kinase
receptors. Binding of bFGF to high affinity cell surface receptor
sites can be modulated by heparin-mimicking compounds (i.
e. RG-13577) that can modulate abnormal bFGF signaling by
disrupting bFGF mediated autocrine loop, compete with
heparin sulfate (HS) on binding to bFGF, bind the growth
factor, and prevent receptor binding and/or dimerization[40], and
by proteolytic enzymes (e.g. MMP-2) that cleave the ectodomain
of the receptor. These effects are associated with profound
inhibition of bFGF mediated signal transduction (tyrosine
phosphorrylation) and proliferation of vascular ECs [40].
Spontaneous migration of ECs is inhibited by neutralizing
antibodies to bFGF, suggesting an autocrine of bFGF
synthesized and released by the ECs themselves [38]. A
dominant-negative receptor, which, when co-expressed with
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FGF receptors (FGFRs), can block the activation and signal
transduction. In addition, the ligand-specific targeting of toxin
to tumor cells expressing FGFRs and the compounds that bind
and inactivate FGF ligands, can block ECs proliferation.

Angiopoietins and tie receptors
It has been proposed that angiopoietin-1 (Ang1) and angiopoietin2 (Ang2) are pro-angiogenic and anti-angiogenic owing to their
respective agonist and antagonist signaling action through the
Tie2 receptor[41]. Lobov et al. have demonstrated that in vivo,
in the presence of endogenous VEGF-A, Ang2 promotes a rapid
increase in capillary diameter, remodeling of the basal lamina,
proliferation and migration of ECs, and stimulates sprouting
of new blood vessels[41]. By contrast, Ang2 promotes ECs death
and vessel regression if the activity of endogenous VEGF is
inhibited[41]. It was reported that Ang1 induced phosphorylation
of Tie2 and the p85 subunit of PI 3’-kinase and increased PI
3’-kinase activity in a dose-dependent manner, suggesting that
the Tie2 receptor, PI 3’-kinase, and Akt are crucial elements
in signal transduction pathway leading to EC survival induced
by the paracrine activity of Ang1[42] (Figure 2). Alternatively,
Ang1 prevents EC apoptosis via Akt/survivin pathway by
activating a critical survival messenger, Akt, and by upregulating a broad spectrum apoptosis inhibitor, survivin[43, 44]
(Figure 2), but has no effect on the expression of bcl-2 and
XIAP[44]. Moreover, Ang1-induced migratory effect might be
mediated through PI 3’-kinase activity dependent tyrosine
phosphorylation of p125FAK, which plays a key role in regulating
dynamic changes in actin cytoskeleton organization during EC
migration[45]. Increased plasmin and MMP-2 secretion, and
suppressed TIMP-2 secretion by Ang1 from ECs are also
important determinants for inducing ECs sprouting[45] (Figure
2). In contrast, the PI 3’-kinase inhibitors have been found to
inhibit Ang1-stimulated tyrosine phosphorylation of p125FAK,
and secretion of MMP-2 and plasmin from ECs and migration
[45]
. Ang2 blocks Ang1-mediated Tie2 autophosphorylation in
ECs and acts as a check point on Ang1/Tie2-mediated
angiogenesis to prevent excessive branching and sprouting of
blood vessels by promoting destabilization of blood vessels.
Transforming growth factor-β
Transforming growth factor-betas (TGF-βs) are multifunctional
polypeptides that regulate cell growth and differentiation, ECM
deposition, cellular adhesion properties, angiogenesis and
immune functions. TGF-β1 acts through the TGF-β type I and
type II receptors to activate intracellular mediators, such as
Smad proteins, the p38 MAPK, and the ERK pathway[46]. TGFβ1 mRNA levels by activin receptor-like kinase 5 (ALK5)
independent of p38 MAPK activation[46]. In contrast, TGF-β1
induction of fibronectin (FN) mRNA requires p38 MAPK
activity[46]. TGF-β1 induction of PAI-1 and TSP-1 mRNA uses
at least ALK5 and possibly the p38 MAPK pathway[46]. TGFβ secreted by most cultured cells is in biologically inactive
form, and cannot bind TGF-β receptors; the latent TGF-β is
activated by proteases such as plasmin and cathepsin D, low
pH, chaotropic agents such as urea, and heat[47, 48]. Several
studies suggested that VEGF increases plasminogen activator
(PA) activity in vascular ECs[11] and that plasmin is able to
activate latent TGF- β1[49, 50] which decreases Flk-1 expression
and thereby negatively regulates the VEGF/Flk-1 signal
transduction pathway in EC[51], raise the possibility that a
complex self-regulating mechanism of VEGF signal
transduction may exist during angiogenesis[50]. However,
immunohistochemical study has shown that TGF-β1 might be
associated with tumor progression by indirectly stimulating
angiogenesis through the up-regulation of VEGF expression
in gastric carcinoma [52]. In addition, TGF-β 1 inhibits the
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generation of the anti-angiogenic molecule angiostatin by
human pancreatic cancer cells in a time- and dose-dependent
manner, and this effect is mediated through modulation of the
plasminogen/plasmin system[53].
TGF-β not only inhibits the activity and expression of
cyclins and CDKs but also induces the cyclin-dependent kinase
inhibitors (CDKIs) p15, p27 and p15, which bind to the cyclin/
CDKs, preventing phosphorylation of pRB and thereby arresting
most epithelial cells (including ECs) at late G1 phase[54] (Figure
2). The effects of TGF-β 1 on endothelial tube formation may
be mediated through a net antiproteolytic activity by
modulating uPA and PAI levels[55]. Ellenrieder et al. reported
that TGF-β treatment of PANC-1 and IMIM-PC1 cells resulted
in strong up-regulation of expression and activity of both matrix
metalloproteinase-2 (MMP-2) and the uPA system, and
treatment with MMP inhibitors or inhibitors of the uPA system
caused significant reduction of TGF-β-induced invasiveness
in both cell lines suggesting that TGF-β acts in an autocrine
manner to induce tumor cell invasion, which is mediated by
MMP-2 and the uPA system[56] (Figure 2). Furthermore, TGFβ indirectly stimulates angiogenesis by the recruitment of
inflammatory mediators that secrete angiogenic factors. Thus,
TGF-β regulates vascular remodeling through its pleiotropic
effects on different cell types.

Interleukin-8 and matrix metalloproteinase-2
Up-regulation of MMP activity, favoring proteolytic degradation
of the basement membrane and ECM, has been linked to tumor
growth and metastasis, as well as tumor-associated angiogenesis.
IL-8 mRNA is up-regulated in neoplastic tissues, such as nonsmall cell lung cancer[57] and that its expression correlates with
the extent of neovascularization, tumor progression and
survival. And also, MMP-2 mRNA level is increased in tumor
cells transfected with IL-8, but VEGF and bFGF mRNA levels
are unchanged [58,59] suggesting that IL-8-induced MMP-2
production is a major mechanism by which tumor cells induce
angiogenesis. IL-8 can also be up-regulated by hypoxia,
suggesting that the environment plays a major role in regulating
IL-8 expression and metastasis [58]. MMPs induce tumor
angiogenesis by degrading ECM and thereby release
angiogenic mitogens that have been shown to be stored within
the matrix. In addition, MMP-2 and MMP-3 are able to release
soluble FGF receptor 1 (FGFR1) [60] and soluble 12-kDa
immunoreactive and mitogenic heparin-binding epidermal
growth factor (HB-EGF)[61], respectively. MMP-2 has been
shown to directly modulate melanoma cell adhesion, spreading
on ECM and invasion [62] , and an inhibitor of MMP-2
significantly inhibits growth and neovascularization of tumors
implanted into chick chorioallantoic membrane (CAM) by
preventing MMP-2 binding to αvβ3 and blocking cell surface
collagenolytic activity[63]. Furthermore, MMP-9, as well as
MMP-2 proteolytically cleave and activate latent TGF-β, and
promote tumor invasion and angiogenesis[64].
Oncogene and tumor suppressor genes
Oncogenes are found to be activated and tumor suppressor
genes are found to be inactivated in tumor, and hence promote
tumor growth and angiogenesis through different mechanisms
(Figure 1). It has been shown that VEGF is introduced by Kor H-ras mutant gene, v-src and v-raf in transformed fibroblast
and ECs. Other angiogenic factors such as VEGF, TNF-α,
TGF-β have been shown to be up-regulated by mutant ras[65].
These effect may be mediated through a ras-raf-MAP kinase
signal transduction pathway (Figure 1), which results in
activation of promoter regions of genes of angiogenic growth
factors[66]. Moreover, expression of ras, either constitutive or
transient, potentiated the induction of VEGF by hypoxia[67].
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p53 is an important suppressor gene, which inhibits the
angiogenic process by inducing thrombospondin-1, downregulating VEGF and NOS and, in addition, down-regulating
hypoxia-induced angiogenesis, either inducing apoptosis or
enhancing anti-angiogenic factors[68]. A transient transfection
of mutated p53 results in up-regulation of VEGF mRNA in
NIH3T3 cells[69]. In contrast, adenovirus-mediated wild-type
p53 overexpression down-regulats CD40-induced VEGF
expression and transmigration in human multiple myeloma
cells expressing mutant p53 [70]. And, we have previously
demonstrated that the expression of Flt-1 receptor is
significantly correlated with p53 mutation gene, not obviously
with ras mutation gene in pancreatic carcinoma cells, which
suggest that wild type p53, after mutation, might lose the
suppressive function to the expression of Flt-1 receptor, thus
results in neovascularization of pancreatic neoplasm and
promotes the growth of tumor cells, whereas ras mutation may
take part in neovascularization through other approaches.
Recombinant wild type p53 represses bFGF mRNA translation
in rabbit reticulocyte lysate, in a dose- dependent manner via
blocking translation initiation by preventing 80S ribosome
formation on an mRNA bearing the bFGF mRNA leader
sequence[71]. Moreover, adenoviral vector-mediated wild type
p53 transduction results in tumor regression, at least in part,
via anti-angiogenesis mediated by the down-modulation of
FGF binding protein, a secreted protein required for the
activation of angiogenic factor bFGF[72]. In addition, wild type
p53 gene transfer significantly reduces cell invasiveness in
vitro via a decrease in the secreted levels of MMP-2 in mutated
p53 human melanoma cell lines[73]. Biologically, p53 acts at a
G1/S check point, postponding DNA replication after certain
cell stress, such as DNA damage[74], and also induces the
apoptotic pathway of cell death[75].

THE ANGIOGENIC INHIBITORS
Mechanism of angiogenesis inhibitors
Leading anti-angiogenic targets that have been identified
are [76, 77]: (1) inhibition of the growth factors that promote
endothelial proliferation; (2) inhibition of the proteases required
for ECs to penetrate basement membrane and form new blood
vessels; (3) disruption of specific intracellular signal
transduction pathway; (4) induction of EC apoptosis or
inhibition of EC survival; (5) inhibition of endothelial bone
marrow precursor cells; and (6) inhibition of αvβ3-integrinvitronect interaction that is pivotal in mediating ECs adhesion
to ECM during neovascularizatioin[77].
Inhibitors of angiogenic growth-factors and their receptors
One broad class of angiogenesis inhibitors is made up of drugs
that target growth factors such as bFGF and VEGF. The factors
tend to bind to heparin, a property that may trap them within
the ECM and may thereby govern their bioavailability. Hence,
the early generation of drugs is heparin-like (e.g. Pentosan
polysulfate), especially with regard to carrying multiple
negative charges that promote growth factor binding. However,
receptor targeting agents can impede tumor growth and
metastasis by interfering, at specific growth-factor receptors,
such as those for FGFs and VEGF, with the transduction of
angiogenic stimuli into intracellular responses. In these
pathways, the receptors are transmembrane tyrosine kinases,
in which ligand binding to an extracellular domain induces
autophosphorylation of an intracellular kinase domain. Each
kinase then functions as an activator of downstream signals.
To disrupt such a sequence, a drug may compete for receptor
binding and prevent tyrosine kinase autophosphorylation.
Inhibitors of VEGF family include: (1) anti-VEGF mAb[78]:
directly neutralizes VEGF proteins, and inhibits biological
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activities of VEGF; (2) soluble VEGF receptors: specifically
bind to VEGF, indirectly block the function of VEGF with
receptors; (3) inhibitors of VEGF receptors[79]: bind to VEGF
receptors and block their functions with VEGF; (4) inhibitors
of VEGF signal transduction: interfere a series of signal
transduction pathways by blocking autophosphorylation of
VEGF receptors; (5) VEGF antisense[80]: is a specific nucleotide
sequence, which binds to VEGF mRNA and thereby interferes
VEGF mRNA translation and VEGF protein formation. A
recent study has shown that the VEGFR2 DNAzyme can
cleave its substrate efficiently in a concentration- and timedependent manner, inhibit the proliferation of EC with a
concomitant reduction of VEGFR2 mRNA, and inhibit
tumor growth in vivo[81].

Endogenous angiogenesis inhibitors
More than 40 endogenous angiogenesis inhibitors have been
characterized, and they are divided into 4 major groups:
interferons (IFNs), proteolytic fragments, interleukins (ILs),
and tissue inhibitors of metalloproteinases (TIMPs)[82].
Interferons The interferons (INF-α, -β, and -γ) are members
of a family of secreted glycoproteins, which have direct or
indirect inhibitory effect on tumor angiogenesis and growth.
IFN-α/β have been reported to down-regulate the expression
of pro-angiogenic factor MMP-9 mRNA and protein in
different cancers[83-86]. Also, IFN-α/β down-regulate IL-8
expression in bladder cancer[83-84]. Several studies demonstrated
that the administration of optimal biological dose of IFN-α/β
decreased the expression of bFGF mRNA and protein and
microvessel density in the tumors and, in addition, induced
EC apoptosis[83-85, 87]. Sasamura et al. demonstrated that IFN-γ
had mild inhibitory effects on VEGF mRNA and bFGF mRNA
expression, whereas IFN-α did not significantly decrease the
level of either VEGF mRNA or bFGF mRNA in renal cell
carcinoma[88]. However, some studies demonstrated that IFNα/β treatment did not cause the reduction of bFGF and VEGF
levels in serum from patients with carcinoid tumours[89] and
leukemia[86]. Thus, anti-angiogenic effect of IFNs treatment
might be mediated by the regulation of different angiogenic
factors in different tumors in dose- and time-dependent manner.
Moreover, IFN-γ is presumed to induce its anti-angiogenic
effects through the secretion of IFN-γ inducible protein 10 (IP10) and monokine induced by IFN-γ[90]. Finally, IFNs have
antitumor properties, which may be mediated through a direct
cytotoxic effect on tumor cells, augmentation of immunogenicity
of tumor by up-regulation of major histocompatibility (MHC)
classes I and II and tumor associated antigens, and/or activation
of macrophages, T lymphocytes and natural killer cells[89].
Interleukins It was reported that interleukins (ILs) having a
Glu-Leu-Arg (ELR) motif at the NH2 terminus, such as IL-8,
enhance angiogenesis, and those that lack this sequence, such
as IL-4, inhibit it[91]. IL-4 inhibits in vivo neovascularization
induced by bFGF in the rat cornea and blocks the migration of
microvascular ECs toward bFGF in vitro[92]. However, it has
been shown that IL-1α, a representative cytokine of activated
macrophages, induces angiogenesis through the enhanced
expression of various angiogenic factors such as VEGF, IL-8,
and bFGF[93]. And also, IL-6 was found to counteract the
apoptotic effect mediated by wild type p53[75]. Several studies
have reported that IL-12 suppresses the expression of VEGF
mRNA[94, 95], bFGF[94] and MMP-9 mRNA[94]. Additionally, IL12 was found to stimulate mRNA expression of IFN-γ and its
inducible anti-angiogenic chemokine IFNγ-inducible protein
(IP-10) in ECs cultured with IL-12 [95]. IL-12 significantly
promotes apoptosis and inhibits proliferation rate of human
tumors and extensive necrosis in the murine, and thereby
reducing tumor vessel density [95]. Furthermore, the in vivo
inhibition of neovascularization in IL-10-secreting tumors
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might be mediated by the ability of IL-10 to down-regulate
the synthesis of VEGF, IL-1β, TNF-α, IL-6, and MMP-9 in
tumor-associated macrophages[96]. And also, IL-10 inhibits
tumor metastasis through a natural killer (NK) cell-dependent
mechanism[96].
Tissue inhibitors of metalloproteinases Remodeled ECM
components comprise a scaffold upon which ECs can adhere,
migrate, and form tubes, and deposition of these components
forms the basal lamina that ensheaths endothelial and mural
cells. In vitro migration of ECs through gelatin is significantly
inhibited by overexpressed TIMP-1[97]. Murphy et al. reported
that TIMP-2, but not TIMP-1, inhibited bFGF-induced EC
proliferation [98]. TIMP-2 is able to inhibit soluble FGFR1
released by MMP-2[60]. Transfection of the highly metastatic
B6F10 murine melanoma cell line with TIMP-2 cDNA showed
the reduced levels of blood vessel formation and diminished
induction of EC migration and invasion[99]. Studies have shown
that the overexpression of TIMP-3 induces the apoptotic cell
death of a number of cancer cell lines and rat vascular smooth
muscle cells through the stabilization of TNF-alpha receptors
on the cell surface, perhaps by inhibiting a receptor shedding
metalloproteinase[100, 101]. Furthermore, anti-angiogenic and
antitumor effects of TIMP-3 appear to be mediated, in part, by
decreased expression of vascular endothelial (VE)-cadherin
by ECs in the presence of TIMP-3 in an in vitro assay and in
TIMP-3-overexpressing tumors[102]. Finally, TIMP-1, TIMP2, TIMP-3 and TIMP-4 inhibit neovascularization by inhibiting
MMP-1, MMP-2, and MMP-9 induced breakdown of
surrounding matrix[103]. Thus, the multiple effects of TIMPs
on both endothelial and tumor cells migration render MMPs
attractive targets for tumor therapy.
Proteolytic fragments Most of these fragments are derived
from ECM components, such as collagen or fibronectin, or
from enzymes such as plasminogen and MMP-2 that remodel
ECM. Perhaps the most characterized inhibitors in this class
are angiostatin and endostatin.
Angiostatin The anti-angiogenic effect of angiostatin, a 38kDa internal fragment of plasminogen, may be mediated, at
least in part, by their ability to down-regulate VEGF expression
within the tumor[104]. Angiostatin inhibits hepatocyte growth
factor (HGF)-induced phosphorylation of c-met, Akt, and
ERK1/2, and thereby exerts its anti-angiogenic effect via
disruption of HGF/c-met signaling [105]. Intraperitoneal
administration of angiostatin potently inhibits the
neovascularization and metastasis formation in mice observed
after a primary tumor has been removed[106]. It has been shown
that binding of angiostatin to the α/β-subunits of plasma
membrane-localized ATP synthase may suppress endothelialsurface ATP metabolism and thereby mediates its antiangiogenic effects and the down-regulation of EC proliferation
and migration[107, 108] (Figure 3). Further, adenoviral mediated
angiostatin gene transfer selectively inhibits EC proliferation
and disrupts the G 2/M transition induced by M-phasepromoting factors, and that ECs show a significant mitosis arrest
that is correlated with the down-regulation of the M-phase
phosphoproteins[109]. Other studies have shown that angiostatin
treatment significantly increases the apoptosis of EC and tumor
cells, and decreases density of tumor blood vessels[109-111].
Angiostatin was found to produce a transient increase in
ceramide that correlates with actin stress fiber reorganization,
detachment and death [112] and, in addition, treatment with
angiostatin or ceramide resulted in the activation of RhoA, an
important effector of cytoskeletal structure[112] (Figure 3).
Angiostatin can selectively regulate the expression of E-selectin
and thereby inhibits the proliferation of ECs.
Endostatin It is a 20-kDa fragment of type XVIII collagen
that has b een identif ied as a f actor p ro d uced b y
hemangioendothelioma cells that inhibits ECs proliferation,
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angiogenesis and tumor growth. The mechanisms by which
endostatin inhibits VEGF-induced proliferation and migration
of ECs are (Figure 3): First, endostatin blocks the VEGFinduced tyrosine phosphorylation of KDR/Flk-1 in ECs[113].
Second, endostatin suppresses the VEGF-induced activation
of ERK, p38 MAPK, and p125 FAK, which are downstream
events of the KDR/Flk-1 signaling and are involved in the
mitogenic and motogenic activities of VEGF in ECs[113]. Third,
endostatin inhibits the binding of VEGF to ECs and to its cell
surface receptor, KDR/Flk-1[113]. Finally, endostatin directly
binds to KDR/Flk-1 but not to VEGF[113]. Endostatin was found
to exhibit its anti-migratory effect by reducing VEGF-induced
phosphorylation of endothelial NOS (eNOS)[114] (Figure 3).
Rehn et al. demonstrated that soluble endostatin was capable
of binding to αv- and α5-integrins, thereby inhibiting the
integrin functions, such as EC migration [115] (Figure 3). In
addition, endostatin may exert its antiproliferative and antiangiogenic effects by competing with bFGF for binding to cell
surface heparan sulphate proteoglycans, which could disrupt
the mitogenic growth factor signaling[116]. Endostatin induces
a significant decrease in EC proliferation in the basal state and
after stimulation by neuropeptide Y and bombesin [117].
Endostatin potently inhibits both the extracellular activation
of proMMP-2 by inhibition of membrane-type 1 MMP (MT1MMP) and the catalytic activity of MMP-2 and thereby can block
the invasiveness of ECs and tumor cells[118]. The proapoptotic
activity of endostatin appears to be mediated via tyrosine kinase
signaling[119] and reduction of antiapoptotic proteins bcl-2 and
bcl-XL without affecting the level of the proapoptotic Bax
protein[120] (Figure 3). Furthermore, the Shb adaptor protein has
been suggested to be involved in the mediation of the apoptotic
signaling of endostatin[119] (Figure 3).

Somatostatin and its analogs
Somatostatin (SS) and its analogs inhibit the proliferation of
somatostatin receptors (SSTRs) positive endocrine neoplasm.
The antiproliferative action of SS is signaled via five specific
G-protein coupled receptors (SSTR1-SSTR5), which initiate
pertussis toxin sensitive-G protein dependent, and tyrosine
phosphatase mediated cell growth arrest or apoptosis according
to receptor subtypes and target cells. It has been shown that
activation of SSTR1, 2, 4, and 5 induce G1 cell cycle arrest
through the ability of SS to maintain high levels of CDKIs
p27(Kip1) and p21, and inactivate cyclin E-CDK2 complexes,
thus leading to hypophosphorylation of pRb[121, 122](Figure 3).
Moreover, somatostatin-mediated growth inhibition of normal
and cancer pancreatic acinar cells is triggered via an inhibition
of PI3-kinase signaling pathway[123]. SS may directly stimulate
tumor apoptosis via sstr3-dependent G protein signaling,
causing the induction of suppressor gene p53 and proapoptotic
protein Bax[124](Figure 3). Our recent investigation reported
that the low expression or loss of SSTR2 gene was more
negatively correlated with the over-expression of p53 and ras
mutation genes, which might take part in the angiogenesis of
pancreatic neoplasm, whereas there was no significant
relationship between SSTR2 and DPC4 (deleted in pancreatic
cancer, locus 4), which suggested that there was different
regulatory pathway in neovascularization of pancreatic
neoplasm. Albini et al. provided evidence that SS inhibits
Kaposi sarcoma associated angiogenesis by inhibiting both EC
proliferation and invasion, and also by inhibiting migration of
monocytes, which are important mediators of the angiogenic
cascade, and are able to produce survival factors that, in turn,
activate ECs[125]. In addition, SS induces a significant decrease
in basal and stimulates EC proliferation in HUVEC, and also
decreases number of capillaries[117]. CAM model study showed
that unlabeled SS analogs inhibited angiogenesis, which was
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SSTR2-selective agonists (octreotide and L-054 522) in dosedependent manner[131]. Growth factor-induced (EGF, bFGF)
VEGF synthesis could also be suppressed to <50 % by coincubation with SS or SSTR2-selective agonists, which was
less pronounced in hypoxia-induced VEGF synthesis[131]. And
also, SS and octreotide diminished the proliferative activity of
cultured murine ECs HECa10 vs. controls; however, SS and
octreotide did not change the release of VEGF into supernatants
of 24-h or 72-h EC cultures[132]. A recent study has demonstrated
that SS 14 can reduce bFGF-induced corneal angiogenesis[133].
In summary, the mechanisms of action of tumor growth
inhibition by SS and its analogs are[134]: (1) inhibition of the
secretion of hormones, such as GH, insulin and/or
gastrointestinal hormones; (2) direct or indirect (via GH)
inhibition of IGF-1 and/or other growth factors that exert a
stimulatory effect on tumor growth. On the other hand, SS
analogs can selectively stimulate the formation of IGF-binding
protein 1, and thereby interfering with IGF-1 action at the
receptor level; (3) inhibition of angiogenesis through different
mechanisms; (4) direct antimitotic effects of growth factors,
which act on tyrosine kinase receptors such as EGF and FGF,
via SSTRs on the tumor cells; (5) modulation of immunological
activity.

proportional to the ability of the analogs to inhibit growth
hormone (GH) production[126].
It is defined that SSTR subtypes are responsible for the
specific post-receptor signal transduction mechanisms involved
in octreotide’s inhibition of angiogenesis[126]. The intracellular
signal transduction mechanisms involved in this angiogenic
inhibition include the G^sub i^-binding protein, cAMP, and
calcium[127]. Further, SS and its analogs induce their biologic
effects by interacting with specific receptors that are coupled
to a variety of signal transduction pathways involving adenylate
cyclase, guanylate cyclase, ionic conductance channels,
phospholipase C-β, phospholipase A2, and tyrosine phosphatase
and protein dephosphorylation and thereby regulate cell
growth [128, 129]. The best characterized pathway involves the
inhibition of adenylate cyclase, leading to a reduction in
intracellular cAMP levels. Antiproliferative effects that are
mediated through SSTR1 and SSTR2, involve the stimulation
of tyrosin phosphatases, however SSTR5 appears to be coupled
to inositol phospholipid/calcium pathway[130]. Mentlein et al.
reported that cultivated cells from solid human gliomas of
different stages and glioma cell lines secreted variable amounts
of VEGF, which was reduced between 25 and 80 % of control
levels depending on the glioma by co-incubation with SS or
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Thrombospondin-1
Thrombospondin-1 (TSP-1) is a naturally occurring inhibitor
of angiogenesis that limits vessel density in normal tissues and
curtails tumor growth. TSP-1 exerts its anti-angiogenic activity
via binding to the CD36 receptor by triggering an apoptotic
signaling pathway[135]. Binding of TSP-1 to CD36 receptor leads
to the recruitment of the Src-related kinase, p59-fyn, and to
activation of p38 MAPK. The activation of the p38 MAPK
has been shown to be p59-fyn-dependent and to require a
caspase-3-like proteolytic activity[135]. Furthermore, activated p38
MAPK leads to the activation of caspase-3 and to apoptosis[135]
(Figure 3). Interestingly, the apoptotic effect of TSP-1 is
restricted to ECs activated to take part in the angiogenic process
and not in quiescent vessels[135]. TSP-1 acts through CD36 to
modulate the activity of focal adhesion kinase (FAK) and thus
inhibits EC migration and proliferation[136] (Figure 3). TSP-1
can effectively inhibit chemotaxis in vitro and neovascularization
in vivo, induced by several angiogenic stimuli. These include
protein that acts via tyrosine kinase receptors (VEGF, bFGF,
aFGF, PDGF), via G proteins (IL-8), via serine/threonine kinase
receptors (TGF-β), and also lipids (PGE-1)[137, 138].
SUMMARY AND CONCLUSION
Developmental status and evaluation of anti-angiogenic
therapy in human clinical trials
Angiogenesis is a complex process that depends on the
coordination of many different activities in several cell types.
The angiogenic response in the microvasculature is associated
with changes in cellular adhesive interactions between adjacent
ECs, pericytes, fibroblasts, and immune mediators express many
different cytokines and growth factors that react with other cells
or ECM components to affect ECs migration, proliferation, tube
formation, and vessel stabilization. As one or more of the positive
regulators of angiogenesis are up-regulated, and simultaneously,
certain negative regulators of angiogenesis are down-regulated,
tumors become angiogenic. Interestingly, different angiogenic
regulators, sometimes, function through the same mechanism
and a single angiogenic regulator, sometimes, functions through
different mechanisms. Hence, the anti-angiogenic therapy can
be realized through the regulation of ‘angiogenic switch’ by
interfering with different mechanisms.
Anti-angiogenic agents, if administered before a tumor
develops or becomes vascular supply dependent, would
therefore theoretically act similarly to a vaccine in preventing
tumor development, not just tumor growth. However, it is
notable that anti-angiogenic therapy represents a treatment, not
a cure, for cancer. A cure for cancer can be realized only by
targeting the agents and mechanisms that cause normal cells
to become tumorigenic. The anti-angiogenic therapy of cancer,
nonetheless, represents a highly effective strategy for
destroying tumors because fundamental requirement of tumor
growth is dependent on a blood supply. Unlike standard
chemotherapy that targets tumor cells and other proliferating
cells, angiogenesis inhibitors target dividing ECs that have been
recruited into the tumor bed. For example, certain tubulinbinding agents such as combretastin A-4, exhibit a selective
toxicity for proliferating ECs in vitro and causing a vascular
collapse in tumor models in vivo via apoptosis and the
subsequent death of much larger numbers of tumor cells[139].
Thus, specific anti-angiogenic therapy has little or no toxicities
such as gastrointestinal symptoms and myelosuppression that
are characteristic of standard chemotherapeutic regimens, does
not require that the therapeutic agent enter any tumor cells nor
cross the blood brain barrier, controls tumor growth
independently of growth fraction or tumor cell heterogeneity
or even tumor cell type, and does not induce acquired drug
resistance [140]. Further, since normal vasculature in the adult is
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quiescent, the appropriate use of selective angiogenic inhibitors
may be expected to confer a degree of specificity that is not
obtainable with the nonspecific modalities of chemotherapy
and radiation therapy and to allow for relatively nontoxic, longterm treatment of tumors.
Because anti-angiogenic agents are expected to be cytostatic
rather than cytotoxic, they may be particularly effective in
combination with cytotoxic agents, even used in advanced
cases of pancreatic, colon, and hormone-refractory prostate
cancer, thereby targeting not only DNA synthesis and cell
division but also the biologic behavior of tumor cells. The
following guidelines are suggested to improve the therapeutic
efficacy of endogenous angiogenesis inhibitors in clinical trials:
(1) after surgery or radiotherapy to prevent recurrence of distant
metastases; (2) combinatorial therapies, for example, in
combination with conventional chemotherapy, radiotherapy
and vaccine therapy or immunotherapy, and also, in combination
with several angiogenesis inhibitors rather than a single
inhibitor; (3) targeting therapy. Angiogenesis inhibitors may
be specifically targeted to the disease locus at high
concentrations rather than be widely distributed in the entire
body; (4) gene therapy, several advantages including prolonged
therapy, low doses of DNA molecules, and less frequent
injections may be achieved by anti-angiogenic gene therapy
with endogenous angiogenesis inhibitors; (5) more potent
angiogenesis inhibitors should be discovered; (6) prolonged
half-lives. Slow-release of angiogenesis inhibitors in the body
reaches a steady-state level in the circulation.
Remarkably diverse groups of anti-angiogenic drugs are
currently undergoing evaluation in phase I, II or III clinical
trials. However, there are still some difficulties associated with
the clinical evaluation of these drugs efficacy. In the
experimental animal model, tumors can be removed and
examined for therapeutic efficacy such as changes in the extent
of vascularization, vascular structure, EC viability or apoptosis,
as well as for markers of angiogenic activity, e.g. VEGF
expression. But in the clinical situation, taking serial biopsies
of metastatic tumors may not be a particularly practical or
desirable approach. For this, reliable surrogate markers of tumor
angiogenesis in serum or urine, and non-invasive strategy may
be necessary. Several studies have successfully used various
non-invasive medical imaging strategies (e.g. MRI, Doppler
ultrasound) to monitor changes in tumor blood flow, vascular
structure and permeability[141-143]. Indeed, there are considerable
research efforts underway in this field. In addition, there are
obvious concerns about delayed toxicity associated with longterm anti-angiogenic therapy, and physiological angiogenesis
affected by anti-angiogenic drugs such as wound healing in a
cancer patient, reproductive angiogenesis (e.g. corpus luteum
development in adult females, development of the vasculature
in developing embryos), in neonates and children. In this
concern, a potentially significant development in the near future
could be the use of genomics based technologies to uncover a
large number of highly (or even totally) specific molecular
markers for the activated ECs of newly formed blood vessels.
In the near future, the outcome of ongoing clinical trials
will give us more insights into the potential of anti-angiogenic
approaches to treat cancer.
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Abstract
Gastric cardia adenocarcinoma (GCA) is an under-studied
subject. The pathogenesis, molecular changes in the early
stage of carcinogenesis and related risk factors have not
been well characterized. There is evidence, however, that
GCA differs from cancer of the rest of the stomach in terms
of natural history and histopathogenesis. Adenocarcinomas
of the lower esophagus, esophagogastric junction (EGJ)
and gastric cardia have been given much attention because
of their increasing incidences in the past decades, which is
in striking contrast with the steady decrease in distal
stomach adenocarcinoma. In China, epidemiologically, GCA
shares very similar geographic distribution with esophageal
squamous cell carcinoma (SCC), especially in Linzhou
(formerly Linxian County), Henan Province, North China,
the highest incidence area of esophageal SCC in the world.
Historically, both GCA and SCC in these areas were referred
to as esophageal cancer (EC) by the public because of the
common syndrome of dysphagia. In Western countries,
Barrett’s esophagus is very common and has been
considered as an important precancerous lesion of
adenocarcinoma at EGJ. Because of the low incidence of
Barrett’s esophagus in China, it is unlikely to be an important
factor in early stage of EGJ adenocarcinoma development.
However, Z line up-growth into lower esophagus may be
one of the characteristic changes in these areas in early
stage of GCA development. Whether intestinal metaplasia
(IM) is a premalignant lesion for GCA is still not clear. Higher
frequency of IM observed at adjacent GCA tissues in Henan
suggests the possibility of IM as a precancerous lesion for
GCA in these areas. Molecular information on GCA,
especially in early stage, is very limited. The accumulated
data about the changes of tumor suppressor gene, such
as p53 mutation, and ontogeny, such as C-erbB2, especially
the similar alterations in GCA and SCC in the same patient,
indicated that there might be some similar risk factors,

such as nitrosamine, involved in both GCA and SCC in Henan
population. The present observations also suggest that GCA
should be considered as a distinct entity.
Wang LD, Zheng S, Zheng ZY, Casson AG. Pr ima ry
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INTRODUCTION
Adenocarcinomas of the gastric cardia are currently classified
as gastric cancers[1, 2]. However, recent studies have suggested
that these tumors have distinct epidemiological and biological
characteristics[3, 4]. In the last two decades, the incidence of
primary adenocarcinomas of the lower esophagus,
esophagogastric junction (EGJ) and adenocarcinomas of the
gastric cardia has increased dramatically in North America and
Western European countries[3-6]. In contrast, the incidence of
adenocarcinoma of the distal stomach has decreased steadily
in recent years.
In China, adenocarcinomas of the gastric cardia have unique
epidemiological features distinguishing these tumors from the
adenocarcinomas of the distal stomach. Linzhou (formerly
Linzhou County), the region with the highest incidence rate of
esophageal cancer in the world, also has a high incidence of
adenocarcinoma of the gastric cardia. However, the incidence
of adenocarcinoma arising from the distal stomach is very low
in this area. Therefore, previously, adenocarcinomas arising
from the EGJ (gastric cardia) were referred to as esophageal
cancers, because they shared similar clinical symptoms such
as dysphagia. As most of the adenocarcinomas arising from
the cardia are diagnosed at an advanced stage, it is very difficult
to accurately define whether these tumors have a primary
esophageal or gastric origin. Therefore, adenocarcinomas of
the EGJ (gastric cardia) are now generally referred to as gastric
cardia adenocarcinomas (GCA). With the exception of Barrett’s
esophagus (a well documented premalignant lesion of
esophageal adenocarcinoma in Caucasians)[7, 8], the role of other
risk factors, such as H. pylori infection, diet, alcohol and
tobacco exposure, still remains unclear.
Most studies of esophageal carcinoma in Linzhou have
evaluated only esophageal squamous cell carcinoma (SCC).
Few have studied adenocarcinoma (AC) of the gastric cardia,
particularly as a separate pathological entity in China. In this
review, recent epidemiological, histopathological and
molecular biological advances were summarized to provide
clues about the risk factors and the molecular carcinogenosis
of adenocarcinomas of the lower esophagus, and EGJ (gastric
cardia).
EPIDEMIOLOGY OF ADENOCARCINOMA OF THE GASTRIC
CARDIA
GCA shares several common features with the adenocarcinoma
arising from the distal esophagus: a lower mean age of
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presentation, a higher incidence in the Caucasian population,
a higher male to female ratio, and similar risk factors[4, 9].
Epidemiological studies have demonstrated that smoking,
alcohol consumption, increased body mass index (reflecting
obesity), and lower socioeconomic status are risk factors for
adenocarcinomas of both the distal esophagus and gastric
cardia[10-12]. In Linzhou, China, adenocarcinoma of the gastric
cardia was previously classified as esophageal cancer by the
local registry for the past several decades, primarily because
of comparable clinical features and similarity in therapy.
Reviewing hospital records of patients with dysphagia, our
research group reported that while approximately 60 percent
of patients were found to have a diagnosis of SCC, the
remaining 40 percent were found to have adenocarcinomas of
the lower esophagus or gastric cardia[13]. A case-control study
performed on the patients with presumed distal esophageal or
gastric cardia cancer in Linzhou found that one third of all
these tumors was adenocarcinomas of the gastric cardia[14].
While there is considerable evidence implicating that dietary
factors, including certain nutrient deficiencies and consumption
of nitrosamine-contaminated food, and drinking water are
associated with the development of SCC[15-18], it is not clear
whether adenocarcinomas of the gastric cardia share the same
risk factors in this high-incidence area in China.

DIAGNOSTIC CRITERIA FOR ADENOCARCINOMA OF THE
GASTRIC CARDIA
It is generally difficult to distinguish where cardia
adenocarcinomas originate, as most tumors present in advanced
stage at diagnosis, often involving both esophagus and stomach.
Imprecise clinical and pathological definitions of
adenocarcinomas of the lower esophagus, EGJ or gastric cardia
may be the reason underlying inconsistencies between different
studies. An adenocarcinoma is considered to be of cardia origin
when the epicenter of the tumor is at the esophagogastric
junction, or within 2 cm distally[19]. Strict clinicopathologic
criteria have been used also to define primary esophageal
adenocarcinomas[20]. A new classification for adenocarcinomas
of the esophagogastric junction was proposed at a recent
conference of the International Gastric Cancer Association
(IGCA) and the International Society for Diseases of the
Esophagus (ISDE). Adenocarcinomas of the cardia has been
defined as tumors that have their centres within 5 cm of the
anatomic esophagogastric junction. Three distinct tumor
entities (Type I, II and III) have been proposed[21].
R E L AVA N T PAT H O L O G I C A L C O N D I T I O N S O F
ADENOCARCINOMA OF THE GASRIC CARDIA
Barrett’s esophagus
Barrett’s esophagus is the condition in which columnar
epithelium replaces the squamous epithelium that normally
lines the distal esophagus[22]. The endoscopic appearance is
characteristic, with a salmon-pink color and velvety texture.
This upward extension may be circumferential, or limited to
finger-like projections, or even islands of columnar epithelium
that only involve part of the distal esophageal wall[23]. In healthy
individuals, the squamo-columnar junction (SCJ) does not
always correspond with the anatomic EGJ. The juxtaposition
of pale squamous epithelium and reddish columnar epithelium
forms a visible line called the Z line, or the SCJ. The EGJ is
the most proximate part of gastric folds. The Z line and
gastroesophageal junction often coincide. When the Z line is
located above the EGJ, there is a columnarly lined segment of
esophagus. Barrett’s esophagus is diagnosed endoscopically
if columnar mucosa extending greater than 3 cm above the
EGJ, or by histologic finding of intestinal metaplasia
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(specialized mucosa) existing at any level of the tubular
esophagus[22].
The pathogenesis of Barrett’s esophagus is still unclear.
Most Barrett’s esophagus develops from approximately 10 %
of persons who have chronic gastroesophageal reflux[24]. In
addition to gastroesophageal reflux diseases (GERD), Barrett’s
esophagus is associated with several other esophageal
disorders, such as hiatal hernia[25], and occasionally familial
groupings are reported[26-28].
The significance of Barrett’s esophagus is its association
with the development of esophageal malignancy[29,30]. Patients
with Barrett’s esophagus have (by conservative estimates) a
30- to 40-fold higher risk of developing esophageal
adenocarcinoma than those without[23]. Since the diagnostic
criteria for Barrett’s esophagus now include the histological
finding of intestinal metaplasia, a columnar-lined esophagus
less than 3 cm in length is now recognized as short-segment
Barrett’s esophagus (SSBE), in contrast to the traditional
long-segment Barrett’s esophagus (LSBE)[31]. The risk of
malignancy in SSBE still needs to be determined[32].
In China, Barrett’s esophagus used to be regarded as a rare
condition, and consequently has not been studied in detail.
However, based on an endoscopic survey performed by our
research group in the high-risk population in Linzhou, Barrett’s
esophagus was detected with a frequency of 0.7 % (3/402);
not as rare as it was considered previously [33]. It has been
identified that there is an apparent change of Z line upgrowth
among symptom free subjects in the high-incidence area for
esophageal cancer in Henan Province. Z line upgrowth is
related with epithelial cell hyperproliferation both in gastric
cardia and lower segment of esophagus. These results suggest
that Z line upgrowth may be one of the characteristic changes,
or precancerous lesions related with EGJ carcinogenesis in the
high-risk population for GCA in Henan[11]. Further characterizing
Barrett’s Esophagus, Z line upgrowth, and esophageal and
gastric reflux esophagitis in this population may provide new
insights into understanding of cardia carcinogenesis[34].

Intestinal metaplasia
Since the diagnostic criteria for Barrett’s esophagus based
on endoscopy are arbitrary, recent definitions of Barrett’s
esophagus have included the histologic finding of intestinal
metaplasia, regardless of the length of the columnar-lined
esophagus [35] . Histologically, three types of columnar
epithelium have been observed in Barrett’s esophagus: gastric
fundic type, junctional type and specialized intestinal
metaplasia (IM). Based on the mucin content of the columnar
and goblet cells, intestinal metaplasia is histopathologically
divided into three types: the complete form (Type I), in which
the columnar cells are absorptive and contain neutral mucins,
and the two incomplete forms, in which the columnar cells
are partly secretory and contain acidic sialomucins (Type II)
or sulphomucins (Type III)[36,37]. Type I is the predominant
form of intestinal metaplasia found in the stomach, including
both benign and malignant conditions. Type III is the least
common form in the stomach, but the one most strongly
associated with gastric cancer[38]. The incomplete form of
intestinal metaplasia also termed specialized columnar
epithelium (SCE), is the histological mark of Barrett’s
esophagus[39].
IM is also associated with GERD, and the frequency of IM
is increased with the extention of columnar lining in the
esophagus[40]. However, gastritis rather than GERD seems to
be a risk factor of cardiac intestinal metaplasia[41]. While
complete intestinal metaplasia is a manifestation of multifocal
atrophic gastritis, the incomplete form may result from carditis
and GERD[42].
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It has been hypothesized that Barrett’s adenocarcinoma
follows the metaplasia-dysplasia-adenocarcinoma sequence
(MCS)[43]. Whether intestinal metaplasia is a premalignant
lesion for adenocarcinoma of the gastric cardia is still not
clear [44] . Several studies showed that dysplasia was
infrequently observed in EGJ or gastric cardia with intestinal
metaplasia[42, 44, 45]. These suggest that intestinal metaplasia at
the EGJ or gastric cardia is not a high-risk precursor lesion for
adenocarcinoma. However, progression from intestinal
metaplasia at the EGJ or gastric cardia to dysplasia still requires
further characterization[46].
Examination of the adjacent gastric cardia cancer tissue by
our research group showed that IM was frequently observed
in as high as 20 % of the specimens[47]. In contrast, only 0.7 %
symptom-free subjects in Linzhou were identified with IM in
gastric cardia biopsies[33]. Goblet cell was invariably identified
on HE stained specimen. Half of the IM lesion was found to
have dysplasia. These suggest that IM may be a precursor of
gastric cardia adenocarcinoma in Henan, which is not consistent
with that in Western countries. The reason is not clear. Standard
histologic evaluation fails to reliably differentiate between IM
in the esophagus and IM in native cardiac mucosa. Further
characterization for subtypes of IM with biohistochemistry and
immunohistochemistry will provide important evidence for
elucidating the significance of IM in gastric cardia
carcinogenesis.

Chronic carditis: H.pylori infection or gastroesophageal reflux
disease
IM in the distal stomach is usually a consequence of chronic
inflammation, mainly caused by H.pylori infection[48], while
the intestinal metaplasia of Barrett’s esophagus has been
demonstrated to be associated with GERD[49]. Furthermore,
recent studies suggested that gastric infection with H.pylori
might protect the esophagus from developing of reflux
esophagitis and Barrett’s esophagus[50-54]. It is reasonable to
hypothesize that intestinal metaplasia at the gastric cardia may
develop as a consequence of chronic inflammation due to either
GERD or infection. Several recent studies have focused on
the relative contribution of H. pylori infection and GERD to
gastric carditis, however, results have been inconsistent, to
date[55-58]. One possible reason may be related to the use of
different histopathologic criteria for identification of the
gastric cardia. A study of 33 consecutive autopsies in children
showed that the length of cardiac epithelium ranged from 1
to 4 mm, with a mean extent of 1.8 mm[59]. Ormsby expanded
the study to 223 adult autopsies, finding that the mean extent
of cardiac epithelium in patients aged <18, 19-50, and >50
years was 1.7, 2.6, and 3.3 mm, respectively[60]. Such a narrow
range makes accurate sampling extremely difficult.
Therefore, biopsies from the gastric cardia may have two
origins: esophagus or stomach.
MOLECULAR BASIS FOR ADENOCARCINOMA OF GASTRIC
CARDIA
The pathogenesis of carcinoma has been demonstrated to be a
progressive, multi-step process, manifested as an uncontrolled
cell cycle and abnormal proliferation. The molecular basis of
human cancer has been investigated widely in the recent two
decades, and has implicated deregulation of tumor suppressor
genes, activation of oncogenes, and aberrant expression of
growth factors. Different genetic alterations have been
observed between the two different histologic sub-types of
esophageal cancer. Meanwhile, molecular evidence is also
accumulating to support the hypothesis that adenocarcinomas
of the gastric cardia are distinct from adenocarcinomas of the
esophagus and stomach.
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Loss of heterozygosity (LOH)
LOH has been demonstrated to play an important role in
tumorigenesis, and to be frequently associated with the loss of
tumor suppressor gene function. LOH was initially observed
at several tumor suppressor gene loci (17p, 13q, 5q, 18q and
9p for p53, Rb, APC, MSH2, DCC and p16, E-cadherin, 19p,
respectively) in human esophageal and gastric cancer[61-67]. At
present, LOH has been used to localize putative tumor
suppressor genes. LOH has also been reported at 1p, 3p, 4q,
9q, 11p and 17q in esophageal adenocarcinomas[68, 69]. Allelic
loss of the tumor suppressor gene p73 on 1p is frequently
observed in neuroblastoma[70,71], and hMLH-1, a mismatch
repair gene associated with hereditary non-polyposis colorectal
cancer, is located on 3q21[72]. The tylosis esophageal cancer
(TOC) gene, initially reported in families with autosomal
dominant tylosis families who developed esophageal cancer,
has been located on chromosome 17q25. Allelic loss at this
region has been implicated in both sporadic SCC and Barrett’s
adenocarcinoma[73]. BCRA1, associated with susceptibility to
breast and ovarian cancer, is located on 17q [74]. Using
comparative genomic hybridization (CGH), deletion of a
specific region at 14q31-32.1 occurred significantly more
frequently in Barrett’s adenocarcinomas in the distal esophagus
than in gastric cardia cancers, suggesting genetic divergence
in this group of closely related cancers[75]. Allelotype analysis
performed on 38 gastric cardia adenocarcinomas even
differentiated this allelic imbalance between the intestinal-type
and diffuse-type adenocarcinomas, and a higher frequency of
allelic imbalance on chromosome 16q was detected in the
diffuse-type adenocarcinomas[76].
Dysfunction of tumor suppressor genes
Tumor suppressor gene p53 P53 is located on chromosome
17p13, encoding a phosphoprotein with a molecular weight of
53kd. Abnormalities in p53 gene function cause uncontrolled
cell cycles and abnormal cell proliferation. P53 mutations are the
most frequent genetic alterations found in human cancers[77]. Over
90 percent of p53 mutations are observed in exons 5-8, which
is the highly conserved region for DNA binding. Comparison
of p53 mutations in premalignant (basal cell hypertrophy, BCH;
dysplasia, DYS; carcinoma in situ, CIS) esophageal tissues
matched with corresponding invasive SCC tumor tissues,
showed similar p53 mutations in DYS, CIS and tumors[78].
Similar studies with Barrett’s adenocarcinoma showed that p53
mutations in Barrett’s epithelia (metaplasia, non-dysplastic) did
not necessarily correspond to the matched adenocarcinoma[20].
The high coincident alterations for P53 in SCC and GCA from
the same patient indicate the possibility of similar molecular
mechanisms, which provides important molecular basis and
etiological clue for similar geographic distribution and risk
factors in SCC and GCA[79,80]. These results suggest that some
p53 mutations may have a selective tumorigenic advantage
during tumor progression. And some findings suggest p53,
bcl-2 and caspase-3 may play an important role in the induction
of apoptosis in AGS cells[81]. In the course of the formation of
gastric carcinoma, proliferation of gastric mucosa can be
greatly increased by H.pylori infection, which can strengthen
the expression of mutated p53 gene [82]. Less aggressive
mutations may increase the genetic instability of Barrett’s
mucosa, promoting abnormal cellular proliferation, but as they
are incapable of transformation independently, additional
molecular or epigenetic events are required for tumorigenesis.
About 90 percent of p53 mutations are located within the
DNA binding domain (exons 5 to 8). They may occur either at
the binding surface or at the hydrophobic core, disrupting the
structure for DNA binding. P53 mutations do not distribute in
a random manner through the whole encoding region. Several
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“hot spot” mutations have been located such as codon 175,
176, 245, 248, 249, 273 and 282 in all the human cancers[83],
implying that there may be a general pathway for the
pathogenesis of tumors with a high percentage of p53
mutations. However, mutation sites also appear to be organ
specific and cell-dependent. In esophageal adenocarcinomas,
p53 mutations occur most frequently at codon 175 (9 %), 248
(16 %) and 273 (16 %), which are also hot spot mutations for
all human cancers recorded, while mutations at codon 248 and
273 are much less frequently observed, even though the
mutation at codon 175 accounts for 8 % in SCC. Relatively
high frequencies of p53 mutations at codons 193, 194, 195
and 270 are unique in comparison to other human cancers[77].
P53 mutations may result from endogenous processes or
exogenous carcinogens[84], and the spectrum of mutations may
be indicative of specific carcinogenic mechanisms. Mutation
profiles of p53 also help to identify the DNA damage arising
from environmental carcinogens. Approximately 31 % of p53
mutations occur at the A:T base pairs in the SCC, which are
usually caused by exogenous carcinogenic compounds. But
in esophageal adenocarcinoma, p53 mutations have a very high
frequency of transition at the CpG dinucleotides. This alteration
is thought to result from spontaneous deamination of
5-methylcytosine, suggesting a defective DNA mismatch
repair[77, 85]. Differences in p53 mutation spectra between SCC
and esophageal adenocarcinoma are consistent with the results
of epidemiological studies, suggesting that SCC and esophageal
adenocarcinoma have different etiology.
Adenocarcinomas of gastric cardia share similar
epidemiological and histological features to esophageal
adenocarcinomas in North America and some European
countries. Gleeson et al[86] compared the p53 abnormalities in
adenocarcinoma of the distal esophagus and gastric cardia, and
reported that p53 mutations were detected in 70 % and 63 %
of adenocarcinoma of esophagus and gastric cardia,
respectively. 85 % of the p53 mutations in esophageal
adenocarcinoma occurred as G:C A:T transitions, with 69 %
at the CpG dinucleotides. Similar p53 mutations were observed
in adenocarcinoma of the gastric cardia, in which 82 % were
base transitions with 55 % occurring at the CpG dinucleotides.
One study from Linzhou based on the p53 gene mutation
analysis identified 6 mutations among 14 adenocarcinomas of
the gastric cardia, 3 of which were G to T transversions, a mutation
that is rarely observed in Barrett’s adenocarcinoma[87]. Further
investigation and comparison of mutation analysis of p53 gene
between SCC and adenocarcinoma of the gastric cardia in this
population are needed so to provide more insights into the
etiology of both SCC and adenocarcinomas of esophagus and
the gastric cardia.
p53 gene family Recently, discovery of p53 homologues
such as p73 and p63 suggests a more complex pathway. p73
and p63, similar to p53, may result in transactivation, DNA
binding and oligomerization domains[88], capable of activating
the transcription of p53-responsive genes and inducing
apoptosis[89-91]. p73 is located on chromosome 1p36, a region
that is frequently deleted in neuroblastoma[73, 74], but unlike
p53, p73 mutations have been detected infrequently in other
types of tumor, including esophageal and gastric carcinoma[92100]
. Silencing of p73 gene due to hypermethylation at its
promoter region was observed in a subset of lymphoblastic
leukaemia and Burkett’s lymphoma[101, 102], but increased level
of mRNA was more commonly observed in other tumors[95,
103-105]
. p73 is characterized by loss of imprinting (LOI), resulting
in monoallelic expression in normal tissues. It has been
observed that p73 is overexpressed in several tumors, which
is thought to be due to the switching from monoallellic to
biallelic expression[93, 95]. Meanwhile, p73 isoforms, caused by
alternative splicing, have been observed in rare types of brain
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tumors, suggesting tissue-specificity in the regulation of p73
gene transcription[106]. However, the precise function of p73
isoforms in tumor development is still unclear. Specific
mutations of p73 or p63 causing amino acid substitutions are
not identified. Neither p53, p73 nor p63 is related to prognosis.
p73 and p63 have rarely been found to be mutated in gastric
carcinomas, but both proteins are expressed in only a subset
of tumors. The status of these p53 homologues is discordant
among all patients with multiple simultaneous gastric
carcinomas. The increased expression of p63 (TAp63 and black
triangleNp63) in less well-differentiated gastric carcinomas
may indicate that p63 can act to promote neoplastic growth in
the gastric epithelium[107]. In 15 SCC samples from Henan, no
p73 mutations were found in exons 4-7, but a high frequency
of LOI and LOH was observed in these samples. The SCC
samples with p53 defects were significantly correlated with
those, which had elevated expression of p73. These results
suggest that increased expression of p73, including that by
LOI, could be a partial compensatory mechanism for defective
p53[100].
The p63 gene also encodes multiple isoforms through
alternative splicing with different abilities to transactivate p53responsive genes. However, p63 is more closely related to p73
than to p53, and p63 mutations have been rarely observed in
human tumors[108, 109]. The predominant isoform of p63, lacking
in an acidic N-terminus corresponding to the transactivation
domain of p53, has been detected in many kinds of epithelial
tissue. This truncated protein may act as a dominant-negative
agents toward transactivation by p53[110]. Up to date, p63 has
not been studied in esophageal adenocarcinoma or
adenocarcinomas of the cardia.
Rb gene One study compared LOH with the expression of Rb
gene in SCC, finding that 90 % of the tumor samples containing
LOH showed low or no Rb expression, while only 20 % of
those without LOH had altered expression of Rb, suggesting
LOH is the principal molecular alteration of Rb in SCC[111].
Recent studies of SCC cell lines demonstrated that the
hypophosphorylated Rb protein was also associated with G2
arrest[112]. Besides inhibition of the cell cycle progression, Rb
protein appears to have other distinct mechanisms to suppress
cellular proliferation[113]. In the gastric carcinogenesis, H pylori
might cause severe imbalance of proliferation and apoptosis
in the precancerous lesions (IMIII and DysIII) first, leading to
p53-Rb tumor-suppressor system mutation and telomerase
reactivation, and finally causing gastric cancer[114]. Wang et al[115]
suggested the alteration of Rb protein might play a role in the
early stages of gastric cardia carcinogenesis.
p16INK4a, p15INK4b and p14ARF LOH of p16INK4a has
been detected with high frequencies in both SCC (65 %) and
esophageal adenocarcinoma (69 %)[116]. Several studies have
demonstrated that hypermethylation of the promoter region of
p16INK4a is the main mechanism causing gene silencing rather
than point mutation, which rarely occurrs in esophageal
carcinomas[116-119]. Distinct from p16INK4a, p15INK4b, which
inhibits the cell growth in response to extracellular stimuli such
as TGF-β [120], is more frequently deleted, at a frequency of
40 %[118]. Though p16INK4a regulates cell cycle through
inhibiting the phosphorylation of Rb protein, p14ARF is closely
associated with p53 by attenuating mdm2-mediated
degradation of p53[121,122]. Similar to p15INK4b, p14ARF is
also deleted frequently in SCC, losing its function to protect
p53 from ubiqitin-dependent degradation[123].
Abnormalities of oncogenes Point mutation, amplification,
rearrangement and overexpression are the most frequent
mechanisms for oncogene activation. Amplification of
cyclinD1, HER-2/neu(c-erbB2), c-myc, c-ras, Int-2/hst-1 and
c-erbB (EGFR) has been observed in gastric and esophageal
carcinomas[124-130]. The amplification of c-erbB2 was followed
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by overexpression in the same gastric adenocarcinoma
tissue[125,129]. No amplification of c-erbB2 was detected in SCC.
Amplification of oncogenes that encode growth factor receptors
is more commonly found in adenocarcinomas. Int-2 and hst1, encoding FGF-3 and FGR-4 respectively, are located at
chr om osom e 1 1q 13 with the on co gene cy clin D1 .
Coamplification of int-2 and hst-1 was observed at a frequency
of 28-47 % in primary esophageal carcinomas and much higher
in metastatic tumors, suggesting an association with tumor
progression and distal metastasis[131, 132]. CyclinD1, a cell cycle
protein, facilitates cell cycle progression from G1 to S phase
through combining with CDK4. Both the amplification and
overexpression of cyclinD1 were detected in esophageal
carcinomas[133, 134]. Abnormal expression of cyclin E and p27
may be one of the important molecular changes in the early
stage of esophageal carcinogenesis, and the high-expression
of cyclin E and low-expression of p27 may be one of the
mechanisms driving the mild lesion towards carcinogenesis[135].
In contrast to other gastrointestinal tumors, the ras oncogene
is rarely mutated in human esophageal adenocarcinoma[127].
However, overexpression of ras and ras-regulated genes
(osteopontin, cathepsin L) has been reported in 58 % of primary
esophageal adenocarcinomas[136].

DIFFERENCES BETWEEN ADENOCARCINOMAS OF LOWER
ESOPHAGUS, GASTRIC CARDIA AND SUBCARDIAC STOMACH
Though adenocarcinomas of the lower esophagus and gastric
cardia share similar epidemiological characteristics, new
clinicopathologic classifications have established criteria to
differentiate these two entities. Taniere[137] compared molecular
markers in esophageal adenocarcinomas with those in
adenocarcinomas of the gastric cardia. The male to female ratio
and p53 mutation frequency were higher in esophageal
adenocarcinomas, while mdm2 amplification was more
frequent in the adenocarcinomas of the gastric cardia. Patterns
of cytokeratin immunostaining were also different between
these two tumors. Flejou[138] performed a study to compare p53
protein expression immunohistochemically between
esophageal and gastric carcinomas, and reported a higher
prevalence of p53 protein overexpression was found in
esophageal and cardiac adenocarcinomas compared with gastric
antral adenocarcinoma. This was confirmed by an additional
study, which reported p53 mutation rates in adenocarcinomas
of distal stomach were significantly lower than those in
adenocarcinomas of esophagus and gastric cardia[139]. These
results suggest that adenocarcinoma of the gastric cardia may
be a distinct entity from adenocarcinoma of the distal stomach.
Comparison between gastric cardia adenocarcinoma and
esophageal squamous cell carcinoma, with special reference
to Linzhou
Because of the highly concurrent incidence of gastric cardia
adenocarcinoma and esophageal squamous cell carcinoma in
Linzhou[140], it is highly desirable to characterize the molecular
differences between these tumors of different histological types
to explore the possible clues related with etiological risk factors.
However, useful information concerning this topic is very
limited. In Linzhou, it is not uncommon clinically to identify
patients with both gastric cardia adenocarcinoma and
esophageal squamous cell carcinoma[141], which is the most
common pattern of multiple primary malignant neoplasm
(MPN) with an incidence of 0.4-2.5 %[142]. Recent studies from
Wang’s laboratory showed that there was a highly consistent
positive immunostaining rate for p53 in SCC and GCA from
the same patient (60 %, 12/25 vs 40 %, 10/25)[79] similar results
were observed for PCNA. p53 mutation analysis in patients
with either SCC or GCA from Linzhou indicated that G:C to
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A:T transition was the most frequent mutation pattern both in
SCC and GCA. The consistency of P53 gene mutation was as
high as 64 %[143]. G to A mutation pattern may be resulted from
DNA methylation induced by nitrosamine[141]. These results
are of important value in explaining the similar geographic
distribution of SCC and GCA in this area. Protein file analysis
also showed similar expression pattern in SCC and GCA, such
as PTEN[144], c-erbB-2 and c-myc[145], MUC1[146], CYP1A1 and
2E1[147], MUC3[148], mEH[149], GSTM1, GSTT1 and GSTP[150],
EGFR[151], etc from the samples in Linzhou.

CONCLUSION
In summary, the incidence of adenocarcinomas arising from
the distal esophagus, EGJ and gastric cardia is increasing at a
dramatic rate in North America and Europe. It is suggested
that adenocarcinomas of the esophagus develop in a metaplasiadysplasia-carcinoma sequence. Whether adenocarcinomas of
the gastric cardia follow the same pattern needs further study.
Although both esophageal squamous cell carcinomas and
adenocarcinomas of the gastric cardia have a high incidence
in the same high-risk population in Linzhou, little information
is available on the molecular and etiological differences
between these two tumor types. Metaplasia is a frequent finding
in the gastric cardia, but its significance in the development of
adenocarcinoma of the gastric cardia is not clear. H.pylori
infection, a main factor causing atrophy of the mucosa of distal
stomach, also leads to chronic inflammation of the gastric
cardia. Though H.pylori has been classified as a Type I
carcinogen, the role it plays in gastric cardia carcinogenesis
remains unclear. To study adenocarcinoma of the gastric cardia
in Ch in a , r es ear ch e r s ar e b e g in n in g to ev a lu a te
epidemiological, histopathologic and molecular characteristics
of the tumor.
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Abstract
Information about the mechanisms that generate mutations
in eukaryotes is likely to be useful for understanding human
health concerns, such as genotoxicity and cancer.
Eukaryotic mutagenesis is largely the outcome of attacks
by endogenous and environmental agents. Except for DNA
repair, cell cycle checkpoints and DNA damage avoidance,
cells have also evolved DNA damage tolerance mechanism,
by which lesion-targeted mutation might occur in the
genome during replication by specific DNA polymerases to
bypass the lesions (translesion DNA synthesis, TLS), or
mutation on undamaged DNA templates (untargeted
mutation) might be induced. DNA polymerase ζ (pol ζ),
which was found firstly in budding yeast Saccharomyces
cerevisiae and consists of catalytic subunit scRev3 and
stimulating subunit scRev7, has received more attention
in recent years. Pol ζ is a member of DNA polymerase δ
subfamily, which belongs to DNA polymerase B family, and
exists in almost all eukaryotes. Human homolog of the
scRev3 gene is located in chromosome region 6q21, and
the mouse equivalent maps to chromosome 10, distal to
the c-myb gene and close to the Macs gene. Alternative
splicing, upstream out-of frame ATG can be found in yeast
scRev3, mouse and human homologs. Furthermore, the
sequence from 253-323 immediate upstream of the AUG
initiator codon has the potential to form a stem-loop hairpin
secondary structure in REV3 mRNA, suggesting that human
REV3 protein may be expressed at low levels in human
cells under normal growth conditions. The functional
domain analysis showed that yeast Rev3-980 tyrosine in
conserved region II is at the polymerase active site. Human
REV3 amino acid residues 1 776-2 195 provide a REV7
binding domain, and REV7 amino acid residues 1-211
provide a bind domain for REV1, REV3 and REV7 itself.
More interestingly, REV7 interacts with hMAD2 and
therefore might function in the cell cycle control by affecting
the activation of APC (anaphase promoting complex).
Currently it has been known that pol ζ is involved in most
spontaneous mutation, lesion-targeted mutation via TLS,
chemical carcinogen induced untargeted mutation and
somatic hypermutation of antibody genes in mammalian.
In TLS pathway, pol ζ acts as a “mismatch extender” with
combination of other DNA polymerases, such as pol ι. Unlike
in yeast, it was found that pol ζ also functioned in mouse
embryonic development more recently. It was hypothesized
that the roles of pol ζ in TLS and cell cycle control might
contribute to mouse embryonic lethality.
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INTRODUCTION
The increase of environmental cancer has been received
intensive attention in recent years[1-6]. An arresting example is
that tobacco smoke significantly increases the risks for oral[7, 8],
esophageal[3, 6, 9, 10], bladder[11-14], pancreas[13], gastric[15] and
colorectal cancers[16]. To understand the relationship between
environmental agents and cancer is a noteworthy hotspot, by
which it is possible to establish a system to prevent and control
environmental cancers.
Information about the mechanisms that generate mutations
in eukaryotes is likely to be useful for understanding human
health concerns, such as genotoxicity and cancer. Eukaryotic
mutagenesis is largely the outcome of attacks by endogenous
and environmental agents. However, the cells have evolved
sophisticated systems in response to DNA damage, including
DNA repair and cell cycle checkpoints. Even when DNA
repair systems and cell cycle checkpoints are fully functional,
some damage can still persist in the genome during replication
under circumstances such as: (i) when cells sustain significant
DNA damage; (ii) when a particular damage is poorly
repaired; or (iii) when some genomic regions are inefficiently
repaired. DNA damage frequently blocks replication. Such
blockage can be overcome by error-free or error-prone
translesion DNA synthesis (TLS) bypass, employing
specialized DNA polymerases and proteins for promoting
continuous nascent strand extension at forks blocked by the
presence of unrepaired DNA damage at the cost of increasing
mutation frequency [17]. Alternatively, mutation can be
avoided by DNA damage avoidance [18] , or occur on
undamaged DNA template and lead to untargeted mutation
via damage tolerance[19].
DNA polymerase ζ (pol ζ), consisting of catalytic subunit
scRev3 and stimulatin g scRev7 in b ud ding y east
Saccharomyces cerevisiae, has received more attention in
recent years. It is thought to be the major component of errorprone TLS pathway [20-24] , although a number of other
polymerases might be involved in this process [25] . In
Saccharomyces cerevisiae, TLS pathway pasting many types
of DNA damage in yeast depends on the activities of pol ζ
and Rev1p, which is a major source of DNA-damageinduced substitutions and frameshifts and of spontaneous
mutations[21, 22, 26-30]. It has been speculated and demonstrated
later that human pol ζ plays a major role in UV-induced
mutagenesis and somatic hypermutation in antibody genes[31-34].
More recently, it was found that human pol ζ was also involved
in mammalian untargeted mutagenesis, and the expression of
human mutator REV3 could be upregulated at transcriptional
level in response to chemical carcinogen N-methyl-N’-nitroN-nitrosoguanidine (MNNG)[35], which could induce gastric
cancer[36-39] and colorectal cancer[40, 41]. Evidences also suggested
that pol ζ was concerned with cell cycle control and early
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embryonic development[42-45]. The aim of this paper was to
review the structural and functional features of pol ζ, and its
roles in mutagenesis and embryonic development as well.

PROPERTIES OF STRUCTURE AND FUNCTION DOMAIN
OF POL ζ
In the budding yeast Saccharomyces cerevisiae, the scRev3scRev7 complex is the sixth eukaryotic DNA polymerase to
be described, and is therefore called DNA polymerase ζ[22].
The catalytic subunit Rev3 is a member of family B DNA
polymerases, which contains six conserved motifs [46, 47].
Mutation analysis in vivo and the X-ray crystal structures of
family B polymerases reveal that yeast scRev3-980 tyrosine
in conserved region II is at the polymerase active site[48].
Investigation suggests that homologues of the yeast scRev3
gene are found in almost all eukaryotes, including Arabidopsis
thaliana, Drosophila melanogaster, Schizosaccharomyces
pombe, mouse and specifically humans[30, 31, 49-53].
Human homolog of the Saccharomyces cerevisiae scRev3
gene is located on chromosome region 6q21, and the mouse
equivalent maps to chromosome 10, distal to the c-myb gene,
and close to the Macs gene[50, 52]. The full-length cDNA of
human REV3 consists of 10 919 nucleotides, with a putative
open reading frame of 9 390 bp[31, 50, 51]. Human REV3 gene
contains 33 exons in about 200 kb of genomic DNA, in which
an additional exon, alternative splicing event and an upstream
out-of frame ATG have been demonstrated[31, 50]. The same
alternative splicing has also been observed in mouse, with a
128bp exon inserted between nt +139 and +140 in
approximately 50 % of the transcripts[52]. An upstream out-offrame ATG with an ORF that terminates within the main ORF
is also found in the yeast gene[21], suggesting that it may be
evolutionally conserved in all pol ζ genes. The sequence
context of the upstream gene performs a similar function to
that of its yeast counterpart. Interestingly, three stretches of
sequences, GGCAGTGGCGGC, AGGGGAGGGGGC, and
GCCGCCGCCGCTGC, are duplicated in the 5 untranslated
region constituting 323 nucleotides. Furthermore, the sequence
from 253-323 immediate upstream of the AUG initiator codon
has the potential to form a stem-loop hairpin secondary
structure in REV3 mRNA[51]. Such primary structural features
and the secondary structure in the 5’ untranslated region are
expected to reduce the translational efficiency of the message,
suggesting that human REV3 protein may be expressed at low
levels in human cells under normal growth conditions.
The predicted homogous proteins in human and mouse are
a little over twice the length of the yeast scReve protein (1 504
residues), i.e., 3 130 amino acids with an expected mass of
353 kDa and a calculated p I of 8.7 in human, and 3 122 amino
acids in mouse respectively. The homologous proteins of yeast
scRev3 are highly conserved[31, 51, 52]: (i) in the N-terminal part,
the overall homology between yeast scRev3/Drosophila
DmRev3, yeast scRev3/human REV3 and Drosophila
DmRev3/human REV3 amounts to respectively 33.3 %, 35.0 %
and 50.5 % identical amino acids. (ii) in a region of 850 residues
at the carboxyl terminus, the overall homology between yeast
scRev3/human REV3 amounts to 39 % identical amino acids,
and (iii) in a 55-residue region in the middle of both scRev3
and REV3 proteins, with 29 % identity. But little similarity
can be found in the intervening regions[31].
The carboxyl terminus region of yeast Rev3 homologue
proteins in human, mouse and Drosophila contains the six
conserved sequence motifs characterized by DNA polymerases
in the right order, including the canonical hexapeptide motifs
within regions 1 and 2, YGDTDS and SLYPSI, which are
found jointly only in type B DNA polymerases[46, 47]. Further
alignment shows that pol ζ is a member of DNA polymerase δ
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family with two specifically conserved motifs ζ I and ζ II in
pol ζ, and in the N-terminal part, a conserved glycine repeat
motif (G-x4-G-x2-G-x8-G-x3-YFY) in pol δ is also present in
the homologues which have been implicated in nucleotide
binding[51]. Outside the six DNA polymerase motifs in the Cterminal, both yeast scRev3 and human REV3 proteins contain
a putative zinc finger DNA binding region, and the location of
this putative zinc finger is also highly conserved from yeast to
humans[51]. Such structural features are consistent with the
notion that the C-terminal region of scRev3 homologue serves
as the catalytic domain during nucleotide polymerization, while
its N-terminal region may provide sites for protein-protein
interactions with other factors such as a putative yeast scRev7
homologue during translesional DNA synthesis.
However, the existence of a much larger nonhomologous
or species-specific region in the expected human protein
suggests that pol ζ may perform a wider range of functions in
the higher eukaryotes. In Saccharomyces cerevisiae, it was
found that LexA-scRev3 and Gal4-scRev7 fusions interacted
with each other[22]. More recently, studies showed that human
REV3 amino acid residues 1 776-2 195 provided a REV7
binding domain, and REV7 amino acid residues 1-211 provided
a bind domain for REV1, REV3 and REV7 itself [54, 55]. REV7,
the stimulating subunit of pol ζ which is located on
chromosome 1p36, displays 23 % identity and 53 % similarity
with scRev7, as well as 23 % identity and 54 % similarity with
the human mitotic checkpoint protein hMAD2. And yeast twohybrid assay suggests that REV7 may interact with hMAD2
but not with hMAD1[54]. It is possible that REV3, REV7, and
hMAD2 might be capable of forming a stable triprotein complex.

CHARACTERISTICS AND ROLES OF POL ζ INVOLVED IN
EUKARYOTIC MUTAGENESIS
DNA damage induced elevation of mutations during the course
of translesion replication is likely to be an important
contributory cause in the development of many cancers[27]. With
in vitro and in vivo investigation, it has been clear that pol ζ
plays a role in an error-prone way. Yeast pol ζ can bypass TT cyclobutane dimer, but not (6-4) T-T photoproduct and abasic
site, inserting an incorrect nucleotide with relatively low
efficiency in vitro (f inc values range from 4.1×10 -3 to 1.
9×10-5)[22, 56]. When combined with REV1 (transfers a dCMP
residue from dCTP to the 3’ end of a DNA primer in a templatedependent reaction opposite abasic site), pol ι (inserts a
deoxynucleotide opposite the (6-4) T-T photoproduct and
abasic site) or pol η (bypasses T-T cyclobutane dimer with
relative high accuracy and efficiency), pol ζ can bypass all
three types of lesions with more efficiency (foext values range
from 10-1 to 10-2) at elongating from a mismatched terminus,
which develops the TLS two-step model (Figure 1)[56-58].
Mutation caused by TLS is usually designated targeted
mutation. However, mutation can also occur on undamaged
DNA template and therefore is called untargeted mutation
(UTM), which has been described in SOS-induced mutagenesis
in E. coli[59]. It has been known that untargeted and targeted
mutations caused by SOS response in E. coli both result from
the inhibition of DNA polymerase functions that normally
maintain fidelity and the involvement of DNA polymerases
with low fidelity, which include DNA pol III, pol IV (dinB),
pol V (UmuD’2C) and other factors (RecA*, β-sliding clamp,
γ-clamp loading complex and single-stranded binding
protein)[60-64]. Using mating experiments with excision deficient
strains of Saccharomyces cerevisiae, Lawrence and Christensen
found that up to 40 % of cycl-91 revertants induced by UV
were untargeted, showing that a reduction in fidelity of DNA
replication[65]. In mouse T-lymphoma cells, stress response
induced by DNA damage agents (8-methoxy-psoralen or UVA)
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leads to specific, delayed and untargeted mutations[66]. It has
been found that low concentration N-methyl-N’-nitro-Nnitrosoguanidine (MNNG), a carcinogen which can induce
gastric cancer, could induce mammalian UTM[19]. However, it
is not clear which factor capable of inhibiting fidelity can be
induced or activated. More recently, it was found that pol ζ might
be involved in the mammalian UTM induced by MNNG. The
transcriptional level of REV3 gene is upregulated when human
cells are treated by low concentration MNNG. Furthermore,
human cells, in which the function of pol ζ is inhibited by
antisense REV3 RNA, display characteristics of both anti UTM
and targeted mutation[35].
Pol ζ also functions in somatic hypermutation [33,34] .
Accumulation of somatic mutations in the V(H) genes of
memory B cells from transgenic mice which express antisense
RNA to a portion of mouse REV3 is decreased, particularly
among those that generate amino acid replacements enhancing
the affinity of the B cell receptor to the hapten[33]. In addition,
inhibition of the mouse mRev3 by specific phosphorothioatemodified oligonucleotides impaires Ig and bcl-6 hypermutation
and UV damage-induced DNA mutagenesis, without affecting
cell cycle or viability[34].
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Figure 1 TLS two-step model in human cells. (1) The main
replicase in humans, pol δ, has difficulty in replicating through
cis-syn T-T cyclobutane dimmer and (6-4) T-T photoproduct.
This recruits specialized polymerases such as pol η, pol ι to
insert or misinsert deoxynucleotides, and then pol ζ functions
as a mismatch extender. (2) Opposite the abasic site, pol ι or
REV1 inserts a deoxynucleotide, and bypass of this lesion occurs when combined with pol ζ.

ROLE OF POL ζ IN MAMMALIAN EMBRYONIC DEVELOPMENT
In Saccharomyces cerevisiae, pol ζ is not essential for cell
viability, as indicated by the fact that haploids carrying a
complete deletion of Rev3 are viable [21]. Besides, human
fibroblast cells expressing high levels of an REV3 antisense
RNA fragment grow normally[31]. However, recent evidences
have shown that pol ζ is essential for cell viability during
embryonic development in mammals (Table 1)[43-45, 67].
Table 1 Characteristics of mRev3-/- embryo
Size

Reduced at day 10.5

Viability
Inner cell mass (ICM)
Haematopoietic cells

Usually aborted around day 12.5
Diminished expansion
No haematopoietic cells developed
other than erythrocytes
1. Abnormalities in the development and
maintenance of embryonic mesoderm
2. Predominant disorder and lack of
integrity mainly in mesenchymal tissues,
including heart and large blood vessels

Morphogenesis of embryo
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It has been realized that numerous DNA lesions caused by
unavoidable oxidative and hydrolytic processes are constantly
formed in genomes[68]. Double-strand breaks can form when
DNA replication forks encounter nicked templates, and these
stalled replication forks must be reactivated by replication or
repair. Unlike cells in adult tissues or in culture, which have
mechanisms to cease division or DNA replication temporarily
in order to allow accurate and specific DNA repair enzymes to
act before proceeding through the cell cycle, embryonic
development adheres to a strict temporal program that requires
rapid cell division. Under such conditions, enzymes that can
rapidly bypass DNA lesions may be expected to be particularly
important, and an intolerable load of damaged DNA in critical
embryonic or extra-embryonic cells would then lead to death.
On the other hand, the proliferating cells in the embryo might
gradually accumulate DNA damage and ES cells may be a
special case of a cell type primed to undergo apoptosis after
accumulated low levels of DNA damage [69]. During the
developmental stage of the mRev3-defective mouse embryos
before embryonic death, the embryos are still able to propagate
rapidly and differentiate through many cell divisions.
It is noteworthy that mouse mRev3 is most highly expressed
in mesodermal tissues and embryonic death coincides with
the period of more widely distributed mRev3l expression. Highlevel expression of mouse mRev3 is developmentally regulated
during embryogenesis, occurring first in early somatogenesis
and then in other mesodermal tissues up to at least 11.5 days
post coitum[45]. This differential expression seems likely to
account for the predominant disorder and lack of integrity
found mainly in mesenchymal tissues. Lack of proper
development of the heart and large blood vessels might in itself
be the immediate cause of death. Also, as mouse mRev3 is
normally expressed within extraembryonic membranes, the
absence of functional mRev3 in mouse mRev3–/– embryos could
be the cause of the pericardial sac edema, yolk sac fragility
and weak attachment to the decidual implantation site. Yolksac malfunction can induce osmotic imbalance, leading to
edema, whereas delayed and/or suboptimal chorioallantoic
fusion can result in an implantation defect. Defects of the
chorioallantoic placenta or yolk sac are a common cause of
murine lethality in utero and could contribute to the embryonic
lethality of mouse mRev3 disruption. Therefore, ES cells may
have a special need for the activity of pol ζ if certain types of
DNA damage accumulate within them, and bypass of specific
types of DNA lesions by pol ζ is essential for cell viability
during embryonic development in mammals.
However, it is also possible that mouse mRev3 has an
additional unknown function. In view of the fact that yeast
scRev7 shares a region of homology, termed the HORMA
(Hop1p, Rev7p and Mad2) domain with Mad2, which
associates with unattached kinetochores and functions in the
spindle assembly mitotic checkpoint[71]. Mad2, Rev3 and Rev7
proteins might therefore have the potential to interact in vitro.
It has been demonstrated that human REV7 may interact with
hMAD2 [54]. Interestingly, the tumor suppressor p33ING1,
which has recently been demonstrated to have no synergistic
effect with p53 in camptothecin-induced cell death in
melanoma cells[72], strongly associates with mRev3 protein in
a two-hybrid assay[30]. It was observed that mouse mRev3-/embryonic death occurred in a p53-independent pathway
indicating mRev3 functions with no direct or indirect
interaction with p53[67]. Furthermore, it has been found that
Saccharomyces cerevisiae lacking Snm1, scRev3 or Rad51
have a normal S-phase but arrest permanently in G2 after
cisplatin treatment[42]. Therefore, pol ζ can play a central role
in apoptosis, cell proliferation, and the control of cell cycle by
protein-protein interaction, and thus affect the embryonic
development.
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Abstract
AIM: To investigate the putative role of human papillomavirus
(HPV) infection in the carcinogenesis of esophageal squamous
cell carcinoma in China.
METHODS: Twenty-three esophageal squamous cell
carcinoma samples and the distal normal epithelium from Shanxi
Province, and 25 more esophageal squamous cell carcinoma
samples from Anyang city, two areas with a high incidence of
esophageal cancer in China, were detected for the existence
of HPV-16 DNA by PCR, mRNA in situ hybridization (ISH) and
immunohistochemistry (IHC) targeting HPV-16 E6 gene.
RESULTS: There were approximately 64 % (31/48) patients
having HPV-16 DNA in tumor samples, among them nearly twothirds (19/31) samples were detected with mRNA expression of
HPV-16 E6. However, in the normal esophageal epithelium from
cancer patients, the DNA and mRNA of HPV-16 were found with
much less rate: 34.7 % (8/23) and 26.1 % (6/23) respectively.
In addition, at protein level detected by IHC assay, 27.1 % (13/
48) tumor samples had virus oncoprotein E6 expression, while
only one case of normal epithelium was found positive.
CONCLUSION: HPV infection, especially type 16, should be
considered as a risk factor for esophageal malignancies in China.
Zhou XB, Guo M, Quan LP, Zhang W, Lu ZM, Wang QH, Ke Y,
Xu NZ. Detection of human papillomavirus in Chinese esophageal
squamous cell carcinoma and its adjacent normal epithelium.
World J Gastroenterol 2003; 9(6): 1170-1173
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of the
leading causes among Chinese cancer mortality, and the

incidence is mainly aggregated in North China, from which
Henan and Shanxi Provinces are two high-incidence areas.
The distinct geographical distribution suggests a dominant
role of environmental factors in the etiology of this disease.
Furthermore, other risk factors have been speculated, such
as nutrition imbalance (lack or absence of vitamins and
minerals), improper life style (cigarette smoking and
consumption of pickled food), exposure to nitrosamines,
during the carcinogenesis of ESCC in China[1-2]. Nevertheless,
the real causes and the mechanism of ESCC have not been
elucidated yet.
Human papillomavirus (HPV) as one kind of important
tumor-related virus has been firmly recognized in cervical cancer.
But its oncogenic role in other tumors is still disputed[3-5]. As to
its role in ESCC, it was firstly suggested by Syrjanen 20 years
ago, when he found the HPV infection in ESCC by pathological
observation[6]. Since then, many reports regarding this topic
have been published, but the HPV infection rate in ESCC varied
from zero to 67 %[7,8], depending on the specimens obtained
from low- or high-risk area around the world and the methods
used in each study[9-12]. In our previous study, we found that
the prevalence of HPV-16 E6 and E7 genes in high incidence
area was higher than that in low incidence area, detected by
means of PCR and ISH, from the samples of balloon cytologic
examination in Anyang area of China[13]. In order to confirm
and further investigate the prevalence of HPV infection in
ESCC, the tumor samples and the distal normal epithelia from
Shanxi Province, another high incidence region in China, with
the tumor samples from Anyang city together, were tested for
the existence of HPV-16 DNA.
Based on our previous data[13], in this study, we focused on
the HPV-16 E6 gene, a major viral oncogene of high-risk HPV
type. In addition to detecting its DNA and mRNA by using PCR
and ISH, the E6 protein expression was simultaneously analyzed
by IHC for all the samples. Furthermore the status of HPV-16
infection was compared between tumor samples and their
adjacent “normal” esophageal epithelium.

MATERIALS AND METHODS
Clinical samples
A total of 48 primary esophageal carcinoma specimens and
23 normal samples were obtained. Among them, 25 cases were
from Anyang City Cancer Hospital and 23 from Shanxi
Province Cancer Hospital. Distal end of the 23 surgical samples
was pathologically diagnosed as normal esophageal mucous
in morphology. Both areas are high incidence region of ESCC
in China. The group included 36 males and 12 females with
an average age of 57.4 years.
All the samples were esophageal squamous cell carcinomas.
None of the patients had radical therapy or chemotherapy
before surgery. The paraffin-embedded, formaldehyde fixed
samples were cut into 5 µm slides continuously, one for H&E
staining and others for DNA extraction, immunohisochemistry
and ISH analysis.
DNA extraction and PCR
The methods were as described previously[13]. Briefly, 5-10
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slides were deparaffinized in xylene and graded alcohol, then
the lysis buffer (300 mmol/l NaCl;50 mmol/l Tris·HCl pH 8.0;
0.2 % SDS) was added into the tube with proteinase K (200
mg/l), and the solution was incubated at 55 overnight until
it became clear. Then DNA was extracted using phenol/
chloroform, precipitated with cold alcohol, and dissolved in
ion-free water and the concentration was determined from
its optical density. Quality of the extracted DNA was tested
by PCR with β-actin primer: 5’GGC GGC ACC ACC ATG
TAC CCT 3’ and 5’ AGG GGC CGG ACT CGT CAT ACT
3’. The usable DNA went through PCR amplification using
primer: 5’-CAAGCAACAGTTACTGCGA-3’ and 5’CAACAAG-ACATACATCGACC-3’ targeting HPV-16 E6
gene under conditions at 94 denaturing for 1 min, at 60
annealing for 1 min, and at 72
prolonging for 1 min with
30 cycles.
The PCR product was about 321 bp. The plasmid containing
full of length of HPV-16 genome as template was the positive
control, and the water as template was the negative control.

In situ hybridization assay
HPV-16 E6 gene by PCR from the plasmid containing full
length of HPV-16 was obtained and cloned into PGEM-T easy
vector (Promega). After Sal I digestion, a digoxin-labelled E6
probe was made via in vitro transcription with the kit (Roche,
No, 1175025).
The slides were deparaffinized and hydrated in xylene and
graded ethanol continuously, then were treated with 0.2 mol/
L HCl for 10 min at room temperature, followed by digestion
with proteinase K 100 mg/l at 37
for 15 min. Twenty-five
to fifty ng probe was added into hybridization solution (50
% formamide, 4×SSC, 5 % dextran sulfate, 5×Denhardt’s
solution and 200 g/l denatured salmon sperm DNA), then
the solution containing E6 probe was dropped on the slides.
The hybridization reaction was completed overnight in wetchamber at 42 . After this, the slides were washed by
2×SSC, 1×SSC orderly twice, 30 min each time. The antidigoxin antibody conjugated with alkaline phosphatase was
added to the samples for 30 min at 37 . The purple-blue
ISH signals were developed by adding substrate NBT/ BCIP
(Roche, No, 1175041) on the slides. The slides were incubated
with hybridizing solution without E6 probe as negative
control, and the cervical cancer biopsies were used as positive
control.
Immunohistochemical staining for HPV-16 E6
The sections were deparaffinized in xylene and hydrated in
graded ethanol continuously. Then the sections were covered
with 3 % hydrogen peroxide in PBS to block the endogenous
peroxidase activity for 10 min. The sections were pre-treated
in citrate buffer (0.01 M, pH=6.0) under microwave heating
for 20 min to retrieve the antigen. Normal goat serum was
added to the slides for 30 min at room temperature. After that,
with mouse
the sections were incubated overnight at 4
monoclonal primary antibody against HPV-16 E6 (Santa
Cruez, sc-460#), while the negative control was incubated with
PBS instead of primary antibody under the same conditions.
After the slides were washed three times in PBS for 5 min
each, the biotinylated goat anti-mouse secondary antibody was
added for 30 min followed by the avidin-biotinylated
peroxidase complex for another 30 min at room temperature.
After being washed with PBS, the slides were stained with
DAB, and then counterstained in haematoxylin. The cervical
cancer biopsies were used as positive control.
Evaluation of ISH and IHC results
If more than 10 % of epithelial cells in one slide showed
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the positive signals, the case was regarded as positive. And
the data were calculated by χ2-test. P<0.05 was regarded as
significant.

RESULTS
PCR analysis
All the extracted DNA samples showed good quality of DNA
after PCR with β-actin primer. After PCR amplification using
HPV-16 E6 specific primer, HPV infection was found in
tumor patients from both regions, with an infection rate of
80 % in Anyang, and 47.8 % in Shanxi Province (Figure 1
and Table 1).
Furthermore, we detected the positive rate of 34.7 % of
HPV-16 DNA in the morphologically normal epithelium
adjacent to tumor tissue. But comparing the positive rate of
cancer and normal samples, the difference of HPV infection
in DNA level was significant (Table 1).
ISH and IHC assays
To identify whether HPV-16 infection can definitely cause
mRNA transcription and protein expression of E6 oncogene,
we further detected these two levels by ISH and IHC.
Using digoxin-labelled HPV-16 E6 specific cRNA probe, a
total of 19 samples showed positive ISH signals in the cytoplasm
of cancer cells. Among them, only 2 had nuclear positive
signals (Figure 1). And 6 samples from adjacent normal
esophageal epithelium were positive for HPV-16.
Among 48 cancer samples from both regions, 13 had HPV16 E6 protein expression, while only one normal epithelium
sample showed IHC positive signals. The difference
between cancer and normal epithelia was significant (P<0.05,
Table 1).
The immunohistochemistry dark-brown signals scattered
in the infected cancer cells, was similar to those mentioned
before[14] (Figure 2).
Table 1 HPV-16 infection rate detected by PCR, ISH and IHC
in normal and tumor esophageal epithelium from two highincidence regions in China
Samples

Region

n

PCR

ISH

Normal

Shanxi

23

8(34.7%)a

6(26.1%)

1(4.3%)a

Shanxi

23

11(47.8%)

6(26.1%)

5(21.7%)

Anyang

25

20(80.0%)

13(52.0%)

8(32.0%)

48

31(64.6%)

19(39.6%)

13(27.1%)

Tumor
Total

IHC

P<0.05, from PCR and IHC data, HPV infection rate in normal
esophageal epithelium was distinctly different from those in
esophageal cancer samples.
a

1

2

3

4

5

6

7

8

500 bp
321 bp

Figure 1 PCR results of Chinese esophageal cancer samples
using HPV-16 E6 specific primer. Lane 1,2 were the positive
and negative control; Lane 4,5,7 were the positive samples; Lane
3,6 were the negative samples; Lane 8 was 100 bp ladder.
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A

B

C
Figure 2 ISH and IHC results of tumor samples targeting HPV16 E6 gene. A, the positive purple-blue ISH signal is mainly
located in the cytoplasm of esophageal cancer cell. ×200; B, the
positive purple-blue ISH signal is mainly located in the nuclear
of the carcinoma cell. ×100; C, note the dark-brown IHC signals located mainly in the cytoplasm of cancer cell. SP methods,
haematoxylin counterstained ×200.

DISCUSSION
HPV infection of the esophagus was first suggested by Syrjanen
in 1982, who found that 40 % of the esophageal specimens
with squamous cell carcinoma presented histological changes
identical to those of condylomatous lesions in or around these
carcinomas, and demonstrated the presence of HPV antigen
in one case of esophageal squamous cell papilloma using
immunohistochemistry. This finding was subsequently
confirmed by others who demonstrated HPV antigens as well
as HPV DNA in benign and malignant esophageal lesions[15-19].
But the infection rate reported in the literature varied largely,
such as in India, one of Asian high ESCC regions, the detection
rate could reach as high as 67 %[8], while in some Western
countries such as France[20], Slovenia[21], Sweden[22], Belgium[23]
and Finland[24], the HPV infection rate is close to zero. Based
on our previous study[13], and after carefully reviewing the
literature, we share the opinion with others[21,25] that HPV
infection plays a much more significant role in ESCC in those
regions of the world with a high prevalence of disease than in
areas with a moderate or low risk[26-28].
Besides the influence of geographic, environmental and
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racial differences, the sensitivity of the detection techniques
and the different methodologies should not be ignored for the
variation around the world. For example, consensus L1 primers
were frequently used as the proper PCR primers for its ability
to detect a wide spectrum of HPV types[12,26,29]. But during virus
integration into the host genome, L1 and L2 were often lost.
Therefore, the detection using consensus primers against the
L1 gene would likely lead to a low rate. This has been
demonstrated clearly by our previous and other studies[13,25].
HPV type 16 has been most commonly implicated in ESCC,
and in addition, it is known that the E6 amplification system is
retained during viral integration into the host genome[25]. In
this study, we used specific primer targeting E6 gene of HPV16 as before[13]. The presence of HPV-16 DNA was found in
65 % tumor patients from Anyang city and Shanxi Province,
two high-incidence regions in ESCC in China. Furthermore,
E6 mRNA expression of HPV-16 was detected in nearly twothirds samples among those viral DNA positive patients, while
the positive rate of E6 protein expression not found as high as
that of mRNA, but still in more than 40 % (13/31) tumor
samples, the E6 protein could be detected by IHC when HPV16 infection occurred among those patients. From this study,
it is demonstrated that HPV-16 infection of esophageal
epithelium is very common within ESCC patients from Anyang
city, and this observation is truly the same as within those from
Shanxi Province.
Comparing the status of HPV-16 infection between some
adjacent “normal” esophageal epithelium and their tumor
samples, the most significant difference was E6 expression at
protein level, rather than DNA and mRNA level between them
(Table 1). Therefore, it is confirmed that not only existence of
the viral DNA, but also the expression of E6 gene may play an
important role in the carcinogenesis of ESCC in those high
incidence regions.
It is well known that HPV oncogenes expressed in
cervical cancer cells are involved in their transformation and
immortalization, and are required for the progression towards
malignancy[30-35]. In cervical cancer, the knowledge has been
firmly established that HPV infection could interfere normal
cell cycles by degrading tumor suppressor protein P53 and Rb
and cause host genomic instability through its DNA integrating
host genome randomly and increasing centrosome number.
As for the exact function of HPV infection during the
carcinogenesis of ESCC, it is still unclear. But in recent years,
more evidences suggested the possible mechanism of highrisk HPV in transforming esophageal epithelial cells, such as
induction of HPV on the activity of telomerase[36], interaction
of E6 with P53[37] the association of HPV-16 E6 with nuclear
matrix[38] and others[39-40].
In conclusion, from our previous study and this study, as
well as others, HPV infection should be considered as a risk
factor for ESCC, at least in high incidence area in China, and in
order to further explore the role of viral DNA infection during
the carcinogenesis of ESCC, more works are needed in the future.
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Abstract
AIM: To study the mechanisms responsible for inactivation
of a novel esophageal cancer related gene 4 (ECRG4) in
esophageal squamous cell carcinoma (ESCC).
METHODS: A pair of primers was designed to amplify a
220 bp fragment, which contains 16 CpG sites in the core
promoter region of the ECRG 4 gene. PCR products of
bisulfite-modified CpG islands were analyzed by denaturing
high-performance liquid chromatography (DHPLC), which
were confirmed by DNA sequencing. The methylation status
of ECRG 4 promoter in 20 cases of esophageal cancer and
the adjacent normal tissues, 5 human tumor cell lines
(esophageal cancer cell line-NEC, EC109, EC9706; gastric
cancer cell line- GLC; human embryo kidney cell line-Hek293)
and 2 normal esophagus tissues were detected. The
expression level of the ECRG 4 gene in these samples was
examined by RT-PCR.
RESULTS: The expression level of ECRG 4 gene was varied.
Of 20 esophageal cancer tissues, nine were unexpressed,
six were lowly expressed and five were highly expressed
compared with the adjacent tissues and the 2 normal
esophageal epithelia. In addition, 4 out of the 5 human cell
lines were also unexpressed. A high frequency of methylation
was revealed in 12 (8 unexpressed and 4 lowly expressed)
of the 15 (80 %) downregulated cancer tissues and 3 of the
4 unexpressed cell lines. No methylation peak was observed
in the two highly expressed normal esophageal epithelia
and the methylation frequency was low (3/20) among the
20 cases in the highly expressed adjacent tissues. The
methylation status of the samples was consistent with the
result of DNA sequencing.
CONCLUSION: These results indicate that the inactivation
of ECRG 4 gene by hypermethylation is a frequent molecular
event in ESCC and may be involved in the carcinogenesis of
this cancer.
Yue CM, Deng DJ, Bi MX, Guo LP, Lu SH. Expression of ECRG4,
a novel esophageal cancer-related gene, downregulated by CpG

island hypermethylation in human esophageal squamous cell
carcinoma. World J Gastroenterol 2003; 9(6): 1174-1178
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INTRODUCTION
Esophageal cancer (EC) is one of the most common malignant
tumors in the world. Previous studies have shown several
genetic abnormalities including amplification of c-myc, int-2
and Hst, mutation and/or deletion of p53 and Rb in human EC
and EC cell lines[1,2]. However, the genetic events leading to
the development of EC are not clear yet. In recent years, many
studies of EC focused on the clone and identification of novel
EC-related genes, which might play an important role in the
carcinogenesis and development of esophageal cancer[3-5].
Recently, we have cloned and identified a novel tumor
candidate suppressor gene, ECRG 4 (Genbank Accession NO.
AF 325503), from human normal esophageal epithelium[6, 7].
The ECRG 4 gene located in chromosome 2q14.1-14.3 contains
4 exons, spans about 13 kb and has a full-length cDNA of 772
bp. Analysis by bioinformatics has shown that the protein coded
by ECRG 4 shows a 31 % homology with mouse IgG V region.
The results of SAGE and RT-PCR detection have demonstrated
the ECRG 4 gene is expressed in adult esophageal epithelium
but is downregulated in esophageal squamous cell carcinoma
(ESCC) and tumor cell lines. These findings suggest that the
ECRG 4 gene might be involved in the development of ESCC,
but the mechanism inactivating it remains to be determined.
According to the result of the sequence analysis in ECRG 4
gene, we found that there were CpG islands in the promoter
region, exon 1 and part of intron 1 of the gene. Many tumor
suppressor genes are downregulated by promoter methylation
during the development and progression of cancer, and
hypermethylation of gene-promoter regions is being revealed
as one of the most frequent mechanisms in loss of gene
function, thus detection of CpG methylation is important to
understand the gene regulation of cancer [8, 9]. It has been
reported that the expression of some tumor suppressor genes,
such as p16 INK4a, p16INK4b, FHIT and E-cadherin are
commonly downregulated by CpG island hypermethylation
in ESCC[10-13]. However, the reason for reducing expression of
ECRG 4 in ESCC is unknown.
In order to determine the mechanism involved in the
downregulation of ECRG 4 in ESCC, we have examined the
methylation status of the 5’ CpG island in promoter region of the
ECRG 4 gene in 5 human cell lines, which include 3 esophageal
cancer cell lines, 2 normal esophageal epithelia and 20 cases with
ESCC and adjacent tissues. The methylation status of the cell
lines and tissues were compared with the expression of the ECRG
4 gene in the same samples by RT-PCR respectively.
MATERIALS AND METHODS
Cell lines and tissue samples
Five cell lines, including 3 esophageal cancer cell line-NEC,
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EC109 and EC9706; 1 gastric cancer cell line- GLC and 1
human embryo kidney cell line-Hek293 were used in this study.
All cell lines were routinely cultured in 1640 medium (Gibco)
supplemented with 10 % fetal bovine serum (Hyclone) at
37
with 5 % CO2. 20 pairs of ESCC and corresponding
tissues adjacent to the tumors were obtained from surgically
removed specimens of individual patients who underwent an
operation at the Cancer Hospital in Linxian County which has
the highest age-adjusted mortality rate of this cancer. Two
normal esophageal epithelia were collected from healthy
individuals by biopsy. All the samples were frozen at -70
before RNA and DNA were extracted with standard method
as described previously[14].

Bisulfite treatment of DNA
Genomic DNA was treated with sodium bisulfite as described
by Herman et al[15]. Briefly, 1 g DNA was denatured by adding
freshly prepared NaOH with the final concentration 0.3 M for
15 min in a 37
water bath. The denatured DNA was then
diluted in 30 µl freshly prepared 10 mM hydroquinone (Sigma)
and 520 µl freshly prepared 3 M sodium bisulfite (Sigma) at
pH 5.0. The DNA was incubated at 50
for 16 h and
subsequently purified by the Wizard DNA Clean-Up System
Kit (A7280; Promega).
20 µg of human placenta genomic DNA was incubated
for 24 h with 20 units of SssI (New England Biolabs) as
described in the instruction manual and the methylated DNA
was treated by bisulfite and purified by the Wizard DNA CleanUp System Kit (A7280; Promega) as described above.
Design of primers and SsPCR condition
Primers were designed according to the CpG island of the sense
strand of the ECRG 4 gene. The strand-specific primers for
the treated CpG island were used to amplify a 220 bp fragment
containing 16 CpG sites and 4 cis-acting elements, and they
were: 5’-AGT GGG GGA GTT AAG GAG ATA TT -3’ (forward),
and 5’-CCC CTA AAC TCC AAA ACC AA-3’ (reverse). PCR
was performed in a GeneAmp 2400 thermocycler (PerkinElmer, Norwalk, CT) with a 25 µl reaction mixture containing
about 100 ng DNA, 1.6 µmol each primer, 400 µmol each
dNTPs, 1.25 U LA Taq with 1× LA reaction buffer (TaKaRa).
Thermal cycles were: at 94 for 2 min, then 40 cycles at 94
for 30 sec, at 52
for 30 sec, at 72
for l min and 30 sec
followed by extension at 72
for 7 min. The PCR products
were detected in 1.5 % agarose gels.
Analysis for methylation by DHPLC
The ssPCR products of ECRG 4 were introduced into the
mobile phase at an injection volume of 5 µl by the autosampler
on a WAVE DNA Fragment Analysis System (Transgenomic)
identical to that described by Deng et al[16]. Non-denaturing
analysis was conducted at 48
and partially denaturing
analysis was conducted at 56 , which was predicted by
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WAVEMaker.
The ssPCR product from the SssI and bisulfite treated human
placenta genomic DNA was the positive control of the
experiment.

DNA cloning and sequencing
The PCR products amplified with primers specific either for
the methylated or for the unmethylated DNA were purified
and cloned into the pMD18-T Easy Vector (Promega) and
sequenced on an ABI 377 automated sequencer (Applied
Biosystems) by using M13 primers.
RT-PCR detection
Total RNA was isolated from cells and tissues using Trizol
reagent (Invitrogen). Reverse transcription was carried out with
the SuperScript TM First-Strand Synthesis System (Invitrogen).
Approximately 3 µg total RNA was used in each reverse
transcription reaction and the final volume was 20 µl. The ORF
of ECRG 4 gene was amplified using the primers 5’-GGT TCT
CCC TCG CAG CAC CT-3’ (forward), and 5’-CAG CGT GTG
GCA AGT CAT GGT TAG T-3’ (reverse). PCR was performed
in a GeneAmp 2400 thermocycler (Perkin-Elmer, Norwalk,
CT) with a 25 µl reaction mixture containing 1 µl reverse
transcription products, 200 pmol each primer, 200 µmol each
dNTPs, 1.5 mM Mg 2+ , 2.0 U PLATINUM pfx DNA
polymerase with 1×reaction buffer (Promega). Thermal cycles
were: at 95 for 2 min, then 30 cycles at 95 for 30 sec, at
62 for 30 sec, at 72 for l min followed by extension at 72
for 7 min. The β-actin transcripts in each sample were also
amplified as internal controls to normalize the amount of ECRG
4 specific products.
RESULTS
The promoter hypermethylation in ECRG 4 gene
Based on the flanking DNA sequences of the ECRG 4-core
promoter region, PCR primers were designed to amplify a 220
bp fragment containing the 16 CpG sites (Figure 1). Using the
ssPCR-specific primers, a 220 bp product was successfully
obtained from each bisulfite-treated sample, which was
detected by 1.5 % agarose gels and DHPLC size analysis, and
the specific band (Figure 2) and the single chromatogram peak
(Figure 3) were obtained respectively. The agarose gel
detection and the size analysis on DHPLC all indicating the
quality and quantity of the ssPCR products were high and the
products could be used in the methylation analysis on DHPLC.
Figure 4a shows the detection of methylated and unmethylated
CpG islands in ssPCR products by DHPLC. Compared with
the peak of positive control from the SssI treated human fetal
DNA, the methylated and unmethylated samples could be
easily discerned. The different proportion of methylated peak
represented the different methylation levels in different
samples. To confirm the reliability of the ssPCR products of

agtgggggag ccaaggagac accccagcgc tgggatccgg caagtcctcc ctctgagtgg
CAAT box
CAAT
ccagggggcc tcgtcccttc tcccgatgcc ttctgccctt ccttgggtct ccggaaccca
box
gcttgtccta accgctttcg ctgcgggcag cgctggccac gcggcccccg ccgccggcgg
BARBIE box
ttctccgtgg ccaagcatcc ttggccttgg agcccagggg
CAAT box
Figure 1 The sequence of ECRG 4 fregment for bisulfite- DHPLC analysis. The fragment contains 4 cis-acting elements and 16
CpG sites in shadow. The 5’and 3’primers are in the frames of the two ends of the fragment respectively.
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the ECRG4 promoter region, either the methylated or the
unmethylated DNA was cloned and sequenced (Figure 5). The
cytosines in the CpG sites of methylated ssPCR products
remained unchanged, but the cytosines of unmethylated products
were converted to thymines. The promoter methylation of
ECRG4 gene in esophageal tissues is shown in Table 1. A
high frequency of methylation was observed in 12 cancer
tissues, 3 tumor adjacent tissues and 3 cell lines (EC 9706, EC
109 and GLC). No methylation peak was obtained in the two
normal esophageal epithelia, the other tumor and adjacent
tissues and the two cell lines (NEC and Hek293).
M

1

2

3

4

242bp
190bp

Absorbance (mV)

Figure 2 The 1.5 % agarose gel detection of the ssPCR products of ECRG 4. M; pUC19 DNA/Msp I Hap II) Marker. 1, 2, 3,
4; four tissue samples.
8
7
6
5
4
3
2
1
0
-1

The expression level of ECRG 4 gene was different, and a
high frequency of methylation was revealed in 12 (8 unexpressed
and 4 lowly expressed) of the 15 (80 %) cancer tissues and the
3 of the 4 unexpressed cell lines. No methylation peak was
observed in the two highly expressed normal esophageal
epithelia and the methylation frequency was low (3/20) among
the 20 cases in the highly expressed adjacent tissues.

Expression of ECRG4 gene related to methylation
The expression level of the ECRG 4 gene in the tissues and
cell lines was examined by RT-PCR (Figure 4b). Out of 20
esophageal cancer tissues, nine were unexpressed, six were
lowly expressed and five were highly expressed compared with
the adjacent tissues and the 2 normal esophageal epithelia. In
addition, 4 out of the 5 human cell lines were also unexpressed.
The methylation was observed in 12 (8 unexpressed and 4
lowly expressed) of the 15 (80.0 %) cancer tissues and the 3
unexpressed cell lines (Table 1 and Table 2). Among the
normal tissues corresponding to the 12-methylation cancer
tissues, nine were highly expressed and unmethylated; three
were lowly expressed or unexpressed and methylated (Table
1). No methylation peak was obtained in the highly expressed
samples, including the two normal esophageal epithelia, the
cell line Hek293 and the other tumor and adjacent tissues.
The results demonstrated that the expression of ECRG4 was
downregulated by CpG island hypermethylation in human
esophageal squamous cell carcinoma.
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Time (minutes)

3
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Table 1 The expression and methylation of ECRG 4 in ESCC
PC
1
2
3
4

Figure 3 The sizing analysis of ssPCR products of ECRG 4 on
DHPLC at 48 . PC was the product from the Sss I treated
human placenta genomic DNA. 1, 2, 3, 4; the same samples as
in Figure 2.
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, Female; b, Male; c++, high expression; d+, low expression; e-,
unexpression; f-, unmethylation; g+, methylation.
a

(b)

Figure 4 (a) The methylation detection of ssPCR products at
56
on DHPLC. The methylation peak was emphasized by
the arrow. PC was the product from the SssI treated human
placenta genomic DNA. 1, 2, 3, 4; the same samples as Figure
2. (b) The expression level of ECRG 4 by RT-PCR using the
primer set flanking the ORF of the gene in the same samples
was detected on DHPLC. The β-Actin gene was amplified as
internal control. M; 1 kb DNA Ladder Marker. 1, 2, 3, 4; the
same samples as Figure 2.

Table 2 The expression and methylation of ECRG 4 in cell
lines
Cell lines
NEC
EC109
EC9706
GLC
Hek293

Expression

Methylation

-a
+b

-c
+d
+
+
-

-, unexpression; b+, expression; c-, unmethylation; d+,methylation.

a
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A
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AGTGGGGGAGTTAAGGAGATATTTTAGTGTTGGGATTCGGTAAGTTTTTTTTTGAGTGGCTAGGGGGTTTTGTTTTTTTTTTTGATGTTTTTGTTTTTTTTTGGGTTTT
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TGGAATTTAGTTTGTTTTAATTGTTTTTGTTGTGGGTAGTGTTGGTTATGTGGTTTTTGTTGTTGGTGGTTTTTTGTGGTTAAGTATTTTTGGTTTTGGAGTTTAGGGG

B
Figure 5 Sequencing of ssPCR products of the ECRG4 gene promoter region. All cytosines in CpG dinuleotides in the methylated
ECRG4 remain as cytosines, indicating methylation (A), while all cytosines in unmethylated ECRG4 have been converted to
thymidines, indicating unmethylation (B).

DISCUSSION
We used a high-throughout methylation assay, bisulfiteDHPLC assay to examine the methylation status of the ECRG
4 gene promoter in ESCC. The results demonstrated for the
first time that downregulated expression of ECRG 4 in ESCC
was associated with CpG island methylation in the core
promoter region of the gene. These findings suggest that
inactivation by the promoter hypermethylation of ECRG 4 is a
common molecular event in ESCC and it may be involved in
the development of this cancer, since this epigenetic change
of the ECRG 4 gene was not found in the normal epithelium
and immortalling cell line Hek293. Eads et al reported that
DNA hypermethylation was an early epigenetic alteration in
the multistep progression of the esophageal adenocarcinoma,
because they found that the premalignant tissue was significantly
more methylated than the normal tissue[17]. Then, we can
speculate that the inactivation by hypermethylation of ECRG 4
might be an early event in the progression of ESCC carcinogenesis.
Because of the extent of methylation at various CpG sites
of most genes, especially a novelly identified gene is unknown,
it is hard to design good MSP primers or MethyLight probes
for methylated templates, which require full methylation at all
CpG sites in their mating region[15,18]. However, the ssPCR for
bisulfite-modified templates are not influenced by the extent
of methylation of CpGs, because no CpG site exits in the primer
sequence and the primer for modified DNA can amplify both
methylated and unmethylated templates. Deng et al had
compared the bisulfite-DHPLC with other methylation
detection method, and demonstrated the bisulfite-DHPLC assay
could be used to detect methylation in homoallelic and
heteroallelic CpG islands in cell lines and tissues rapidly and

reliably [16]. In the present study, we also confirmed the
reliability of bisulfite-DHPLC assay by DNA sequencing.
Abnormal hypermethylation of CpG islands associated
with tumor suppressor genes can lead to repression of gene
expression and contribute significantly to tumorigenesis of
many kinds of tumors, such as esophageal cancer, gastric
cancer, lung cancer, breast cancer and cervical cancer[19-23].
Furthermore, each tumor type has a characteristic set of genes
with an increased propensity to become methylated, and an
individual tumor within a single patient has a unique epigenetic
fingerprint[24]. Determining tumor-type specific and patientspecific fingerprints may provide biomarkers that can be used
in diagnosis, such as cancer detection, cancer chemoprediction
and prognostics[25, 26]. The recent study has been repleted with
the examples of hypermethylation of CpG islands in the
promoter region of more than 40 lung cancer related genes to
analyse methylation patterns of multiple genes. They want to
obtain complex DNA methylation signatures, which can
provide a useful and highly specific tool for lung cancer
diagnosis[27].
The promoter hypermethlation of the ESCC-related genes
such as, p16INK4a, p15INK4b, hMLH1, E-cadherin, Chfr and
HLA class I genes, has been shown to be a common epigenetic
event in this cancer and the studies of these genes suggest that
hypermethylation of key genes may be used in combination
with other molecular changes, such as p53 mutation, in the
development of biomarkers for predicting the risk for
ESCC [28-30]. Our present study extended the findings of
methylation signature in ESCC, and the methylation in more
ESCC-related genes was studied, better understaning of the
mechanisms underlying tumor progression in this cancer was

1178

ISSN 1007-9327

CN 14-1219/ R

obtained, so that improved diagnosis and therapy can be facilitated.
In summary, our study demonstrated that aberrant
methylation of CpG islands in the core promoter of the ECRG
4 gene was a frequent molecular event in ESCC and proved
for the first time that loss or lower expression of ECRG 4 was
associated with ECRG 4 CpG island methylation. These results
indicate that the inactivation of ECRG 4 gene by
hypermethylation in ESCC may be involved in the
carcinogenesis of the cancer.
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Abstract
AIM: To study the relationship between the expression
profiles of a plant-associated human cancer antigen and
carcinogenesis of esophagus and its significance.
METHODS: We analyzed expression of a plant-associated
human cancer antigen in biopsy specimens of normal (n=29),
mildly hyperplastic (n=29), mildly (n=30), moderately (n=27)
and severely dysplastic (n=29) and malignant esophageal
(n=30) tissues by immunohistochemistry.
RESULTS: The plant-associated human cancer antigen
was mainly confined to the cytoplasm and showed diffuse
type of staining. Positive staining was absent or weak in
normal (0/30) and mildly hyperplastic tissue samples (2/
29), while strong staining was observed in severe dysplasia
(23/29) and carcinoma in situ (24/30). There was
significant difference of its expression between normal
mucosa and severely dysplastic tissues (P<0.001) or
carcinoma in situ (P<0.001). Significant difference was
also observed between mild dysplasia and severe dysplasia
(P<0.001) or carcinoma in situ (P<0.001). An overall trend
toward increased staining intensity with increasing grade
of dysplasia was found. There was a linear correlation
between grade of lesions and staining intensity (r=0.794,
P<0.001). Samples from esophageal cancer showed no
higher levels of expression than those in severely dysplastic
lesions (P>0.05).
CONCLUSION: The abnormal expression of this plantassociated human cancer antigen in esophageal lesions is
a frequent and early finding in the normal-dysplasiacarcinoma sequence in esophageal carcinogenesis. It might
contribute to the carcinogenesis of esophageal cancer. The
abnormal expression of this plant-associated human cancer
antigen in esophageal lesion tissues may serve as a
potential new biomarker for early identification of
esophageal cancer.
Fu J, Qu P, Li M, Tian HM, Zheng ZH, Zheng XW, Zhang W.
Expression of a plant-associated human cancer antigen in
normal, premalignant and malignant esophageal tissues. World
J Gastroenterol 2003; 9(6): 1179-1181
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INTRODUCTION
Despite three decades of progress in cancer treatment,
esophageal cancer remains a significant health problem
worldwide with a very low 5-year survival rate and a rapid
increase in its incidence [1-4]. Esophageal squamous cell
carcinoma is believed to develop progressively through a
dysplasia-carcinoma sequence[5, 6]. The evolution of sequential
histological changes from normal to dysplasia and carcinoma
in situ suggests that specific biomarkers may be expressed at
different points in the evolution of esophageal carcinoma[7].
Therefore, research directed toward the discovery of new
biomarkers that can aid in the early detection of esophageal
neoplasm has been intensified in recent years.
In the 1990s, Dr. Zhen-Hai Zheng separated and identified
a glycoprotein (molecular weight: 46 kilo-dalton) from a lower
plant. Early experiments demonstrated its stimulatory activity
on the growth of esophageal cancer cells. Recently the
differential stimulatory effects of this plant antigen on isolated
lymphocytes from patients with dysplasia or breast cancer have
been confirmed. Their experiments also suggested that this
plant antigen might have an associated counterpart cancer
antigen in human.
In this research, we aimed to study the relationship between
expression profiles of this human cancer antigen and
carcinogenesis of esophagus and its significance.
MATERIALS AND METHODS
Tissue specimens
Biopsy specimens were obtained from the Cancer Hospital
(Chinese Academy of Medical Sciences) in Beijing. These
samples were taken from patients with morphologically normal
(n=29), mildly hyperplastic (n=29) esophageal mucosa, mildly
(n=30), moderately (n=27) or severely (n=29) dysplastic
lesions, or squamous carcinomas in situ (n=30). All samples
were routinely fixed in 10 % buffered formalin, embedded in
paraffin, and cut into 4 µm sections. Samples were selected
based on the pathological diagnosis and reviewed by a
pathologist to ensure the correct diagnosis.
Reagents
SP-ABC kit was purchased from Beijing Zhong Shan
Biotechnology Co. Ltd. Rabbit polyclonal antibody anti-plant
antigen was kindly provided by professor Zhen-Hai Zheng,
diluted to 2×10-2g·L-1 before use.
Immunohistochemistry
The immunohistochemical localization of the plant-associated
human cancer antigen was performed using a modified ABC
technique[8]. Briefly, tissue sections were deparaffinized in
xylene and rehydrated in a series of ethanol solutions (10050 %). The sections were then microwaved for 15 min to restore
antigens in 0.01M citric acid solutions. The endogenous
peroxidase activity was blocked by incubation in a 3 %
hydrogen peroxide solution for 20 min at 23 . This was
followed by preincubation with 1.5 % normal sheep serum to
minimize nonspecific binding of the second antibody. The
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sections were incubated at 4 overnight with rabbit polyclonal
antibody anti-plant protein. After being washed three times in
PBS, the sections were incubated with biotinylated sheep antirabbit IgG for 20 min at 37 and were washed three times in
PBS. Sections were then incubated with streptavidinperoxidase for 20 min at 37 , followed by 2 min staining
with DAB-H2O2 solution and nuclear counterstained with
hematoxylin. For negative controls, the rabbit anti-plant protein
polyclonal antibody was replaced by normal rabbit serum.
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association between normal or dysplastic tissues and tumors.
P values were generated using SPSS 10.0 for Windows.
Statistical significance was accepted at the P<0.05 level.

Statistical analysis
The mean values of the staining intensity for different grades
of diseases were compared by analysis of variance. Linear
regression analysis was done to evaluate the linear correlation
between lesion severity and staining intensity. Statistical
analysis was made using Fisher’s exact test to determine the

RESULTS
Our finding suggested that the plant-associated human cancer
antigen was mainly confined to the cytoplasma and showed
diffuse type of staining, enormous nuclear staining could also
be observed in severe dysplastic and carcinoma in situ tissue
samples. Only background staining was observed in basal
layers underlying epithelium. Staining was absent to weak in
normal and mildly hyperplastic tissue samples (Figure 1-6).
Positive staining was absent to weak in normal (0/30) and
mildly hyperplastic tissue samples (2/29), while high positive
rate was observed in severe dysplasia (23/29) and carcinoma
in situ (24/30).
There was significant difference of its expression between
normal mucosa and severely dysplastic tissues (P<0.001) or
esophageal cancer (P<0.001). Significant difference was
also observed between mild dysplasia and severe dysplasia
(P<0.001) or esophageal cancer (P<0.001) (Table 1). Samples
from esophageal cancer showed no higher levels of its
expression than seen in severely dysplastic lesions (P>0.05).
An overall trend toward increased staining intensity with
increasing grade of dysplasia was found. There was a linear
correlation between grade of lesion and staining intensity
(r=0.794, P<0.001) (Table 2).

Figure 1 The expression of plant-associated human cancer
antigen in normal esophageal tissues. Avidin-biotin complex
staining, ABC, ×100.

Figure 3 The expression of plant-associated human cancer
antigen in mild dysplasia. Avidin-biotin complex staining,
ABC, ×100.

Figure 2 The expression of plant-associated human cancer
antigen in mild hyperplasia. Avidin-biotin complex staining,
ABC, ×100.

Figure 4 The expression of plant-associated human cancer
antigen in moderate dysplasia. Avidin-biotin complex staining,
ABC, ×100.

Review and scoring of the section
The stained sections were reviewed and scored independently
by two investigators using an Olympus microscope. The
intensity of staining was graded on a scale of 0 to 3 as follows:
0 meaning the amounts of positive cells were less than 10 %; 1,
weak positive, the amounts of positive cells were more than
10 %, but less than 30 %; 2, positive, the amounts of positive
cells were more than 30 % but less than 50 %; and 3, strong
positive, the amounts of positive cells were more than 50 %[9].
The grading for each section used for data analysis was the
highest intensity seen on the section.

Fu J et al. Expression of a plant-associated human cancer antigen in esophageal tissues

Figure 5 The expression of plant-associated human cancer
antigen in severe dysplasia. Avidin-biotin complex staining,
ABC, ×100.

Figure 6 The expression of plant associated-human cancer
antigen in carcinoma in situ. Avidin-biotin complex staining,
ABC, ×100.
Table 1 Expression of the plant-associated human cancer antigen in different esophageal tissues
Esophageal
tissues

Total
cases

Positive
staining

Negative
staining

Normal
Hyperplasia
Dysplasia
Mild
Moderate
Severe
a
CIN

29
29

0
2

18
27

0
6.9

30
27
29
30

8
17
23
24

22
10
6
6

26.7
63.0
79.3
80.0

a

%Positive

Normal
Dysplasia
Mild
Moderate
Severe
CIN

REFERENCES
2
3
4
5
6

Table 2 Staining intensity of the plant-associated human cancer antigen expressed in different esophageal tissues
Histologic
diagnisis

DISCUSSION
We have evaluated esophageal mucosal expression of the plantassociated human cancer antigen in a variety of normal,
precancerous or malignant esophageal tissue specimens.
Esophageal biopsy specimens with normal histology or lowgrade dysplasia did not express significant levels of this human
cancer antigen. Its intensive expression was observed in highgrade dysplastic and malignant lesions. There was an overall
trend toward increased staining intensity with increasing grade
of dysplasia, and the largest difference was observed between
mild and severe dysplastic lesions, suggesting that its upregulation of expression may be involved in esophageal
carcinogenesis. Since esophageal carcinogenesis is a multistage process, early detection is very crucial[10,11]. This human
cancer antigen might be a useful diagnostic marker for
advanced dysplasia and could serve as a useful target for
biological treatment and for bio-prevention in high-risk patients
diagnosed having dysplasia or esophageal carcinoma.
In this report, we also studied the expression distribution
of this human cancer antigen in abnormal human sections.
Although this antigen was mainly expressed in cytoplasma,
enormous nuclear staining could also be observed in severely
dysplastic and malignant tissue samples. Combined with
previous conclusions, our finding suggested that this protein
might be involved in signal transduction pathway or cell cycle
control. Its intracellular translocation from cytoplasma to nuclei
might play an important role in the transition from low-grade
dysplasia to severe lesions and neoplasm. The mechanism of
action of this cancer antigen in esophageal carcinogenesis still
awaits further studies.
The ability to identify the plant-associated human cancer
antigen in esophageal biopsy specimens from patients with
dysplasia may provide a useful method for early detection,
identification of high-risk patients, monitoring response to
therapy. Further studies are needed to separate and identify
this protein and its encoding gene in order to fully understand
the regulatory mechanism underlying its aberrant expression
and its role in esophageal carcinogenesis.

1

CIN: Carcinoma in situ.

Total
cases

Staining
intensitya

29

0

30
27
29
30

0.27±0.52
1.00±0.93
1.38±0.96
1.33±0.92

Biopsies staining
with intensity>2 (%)
0
3.3
25.9
41.4
43.3

a
Expressed as mean staining intensity ± standard deviation.
Intensity of staining was graded on a scale of 0 to 3.
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Abstract
AIM: To investigate the correlation between ezrin expression
and invasive phenotype formation in malignantly transformed
esophageal epithelial cells.
METHODS: The experimental cell line employed in the
present study was originated form the progressive induction
of a human embryonic esophageal epithelial cell line (SHEE)
by the E6E7 genes of human papillomavirus (HPV) type 18.
The cells at the 35th passage after induction called SHEEIMM
were in a state of immortalized phase and used as the control,
while that of the 85th passage denominated as SHEEMT
represented the status of cells that were malignantly
transformed. The expression changes of ezrin and its mRNA
in both cell passages were respectively analyzed by RT-PCR
and Western blot. Invasive phenotype was assessed in vivo
by inoculating these cells into the severe combined
immunodeficient (SCID) mice via subcutaneous and
intraperitoneal injection, and in vitro by inoculating them on
the surface of the amnion membranes, which then was
determined by light microscopy and scanning electron
microscopy.
RESULTS: Upregulated expression of ezrin protein and its
mRNA was observed in SHEEMT compared with that in
SHEEIMM cells. The SHEEMT cells inoculated in SCID mice
were observed forming tumor masses in both visceral organs
and soft tissues in a period of 40 days with a special
propensity to invading mesentery and pancreas, but did not
exhibit hepatic metastases. Pathologically, these tumor cells
harboring larger nucleus, nucleolus and less cytoplasm could
infiltrate and destroy adjacent tissues. In the in vitro study,
the inoculated SHEEMT cells could grow in cluster on the
amniotic epithelial surface and intrude into the amniotic
stroma. In contrast, unrestricted growth and invasiveness
were not found in SHEEIMM cells in both in vivo and in vitro
experiment.
CONCLUSION: The upregulated ezrin expression is one of
the important factors that are possibly associated with the

invasive phenotype formation in malignantly transformed
esophageal epithelial cells.
Shen ZY, Xu LY, Chen MH, Li EM, Li JT, Wu XY, Zeng Y.
Upregulated expression of Ezrin and invasive phenotype in
malignantly transformed esophageal epithelial cells. World J
Gastroenterol 2003; 9(6): 1182-1186
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INTRODUCTION
It has been well known that cancer cells can invade and destroy
surrounding tissues by their disseminative potency. This
acquired malignant property is believed recently to be
determined by the abnormal changes of expression patterns of
certain genes such as c-met, urokinase type plasminogen
activator receptor or ezrin and so on [1-9]. Therefore, the
correlation between the invasive phenotype of tumor cells and
the aberrant expression of these genes has become a focus of
attention by the worldwide oncologists.
Induced by E6E7 genes of human papilloma virus (HPV)
type 18, we have established both kinds of immortalized and
malignantly transformed cells from a human embryonic
esophageal epithelial cell line (SHEE)[10]. At early passages
after induction, the cell did not display any abnormal growth
ability in soft agar and nude mice[11-13]. At the 20th passage, the
cell was noted to be immortalized with the appearance of
telomerase[14, 15]. At the 30th passage, the cell manifested as a
phenotype of biphasic differentiation[16]. While cultivated over
60 passages, the cell exhibited atypical morphological changes
and chromosomal alterations that were suspected to be a kind
of premalignant transformation[17]. Over 85 passages, the cell
was observed having harbored a property of malignant
transformation shown by its unrestricted growth in the nude
mice and invasion to the surrounding tissues[18, 19]. Obviously,
this process of malignant transformation of SHEE cells induced
by E6E7 genes of HPV type 18 possesses a progressive and
stepwise characteristic, which is no doubt a good cell model
suitable for the study of correlations between abnormal gene
expression and corresponding malignant phenotype formation
in tumorigenesis.
Differential display analysis of RNA samples isolated from
the SHEEIMM and SHEEMT cells has been performed in our
previous study. There were 15 up-regulated and 6 downregulated genes being identified by the cDNA microarray
method (Data to be published), in which ezrin was one of the
up-regulated genes that have been found existed in certain
diseases and tumors. Being a membrane-cytoskeleton linker,
ezrin protein is located in cytoplasm and is rich in microvilli
and cell surface structures with the function involved in the
formation of microvilli and intercellular junctions, as well as
the cell motility and invasive behavior of malignant tumors[20-28].
Up to the present, however, there have been few reports
concerned about how the ezrin expressed in the malignant
transformation of esophageal epithelial cells and what was its
relation to the invasiveness formation of tumor cells, which
are of both theoretical and practical importance in the
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investigation of cancerogenesis. Thus, our present study was
conducted to identify the correlation between the ezrin gene
expression and invasive phenotype formation in malignantly
transformed esophageal epithelial cells.

MATERIALS AND METHODS
Cell lines and cell culture
The experimental cells came from our laboratory, and were
established by the progressive induction of SHEE cell line with
the E6E7 genes of HPV type 18. The 35th, 85th passages of
induced cells were employed in the present study. The cells at
the 35 th passage called SHEEIMM were in a state of
immortalized phase, while that of the 85th passage denominated
as SHEEMT represented the status of cells that were
malignantly transformed. Both passages of cells were
continuously cultivated in flasks with medium 199 (GIBCO)
supplemented by 10 % fetal bovine serum (FBS), 100 U·ml-1
penicillin and 100 U·ml-1 streptomycin at 37 in a humidified
atmosphere containing 5 % of CO2.
RT-PCR
Total RNA was extracted from SHEEIMM and SHEEMT cells
using the Trizol reagent (Invitrogen). The first-strand cDNA
synthesis was performed with 1 µg total RNA and carried out
at 42
for 1 h followed by at 95
for 5 min and at 0-5
for 5 min according to protocol of reverse transcription system
(Promega). The synthesized cDNA was diluted to 100 µl with
TE and stored at -20 until use. In the following experiment,
5 µl of cDNA was amplified in a 25 µl PCR reaction volume
with Advantage 2 PCR Kit (CLONTECH). Both of the ezrin
primer 5’CGGGCGCTCTAAGGGTTCT3’ (sense),
5’TGCCTTTGCAAAGCTTTTATTTCA3’ (antisense) and
GAPDH primer 5’GAAGGTGAAGGTCGGAGTC 3’ (sense),
5’GAAGATGGTGATGGGATTTC 3’ (antisense) were
synthesized by Genecore Company (Shanghai). After prepared
by routine procedures, PCR products were visualized by
electrophoresis on 1 % agarose gel stained with ethidium
bromide and quantitated with Gelworks 1D Intermediate
software (version 3.51, Kodak).
Western blot
Western blot was used to detect ezrin protein expressed by
experimental cells. Confluent cells of 3 flasks were washed
three times with ice-cold PBS and then lysed in buffer
containing 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 100
µg·ml-1 phenyl-methyl-sulfonyl fluoride (PMSF) and 1 %
Triton X-100 for 30 min on ice. After removal of cell debris
by centrifugation at 12 000 g for 5 min, 50 µl of supernatant
was boiled for 5 min in the sample buffer and separated by
10 % SDS-PAGE, which was then transferred onto the
nitrocellulose membrane (Pall Corporation). After non-specific
reactivity was blocked by 5 % fat-free milk in TBST (10 mM
Tris-HCl, pH 7.5, 150 mM NaCl, 0.05 % Tween 20) for 1 h at
room temperature, the membrane was incubated in turn with
monoclonal antibody of mouse against human ezrin p81
(Maixin-Bio) and anti-mouse IgG-HRP antibody. Reactive
protein was finally detected by ECL chemiluminescence system
(Santa Cruz).
Oncogenesis and invasive potency of SHEE in vivo
SCID mice (C.B-17/IcrJ-scid nu/nu) were from Animal
Laboratory Center, Chinese Academy of Medical Sciences.
For the determination of their oncogenesis and invasive
potency, SHEEIMM and SHEEMT cells were cultured in flasks
with fresh medium to reconstitute their surface protein. After
digested and washed twice with PBS, they were counted and
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resuspended in PBS solution (10×106·ml-1) until use. Then
SCID mice were anesthetized with 7 % chloralhydrate
followed by intraperitoneal and subcutaneous inoculation
with the both passages of cells. That is, 2×106 SHEEMT or
SHEEIMM cells in 0.2 ml PBS were injected into the
peritoneal cavity in 5 mice and into the right axilla of the
same number of animals. Instead, the control mice were
injected only with 0.2 ml of PBS. The experimental animals
were checked daily and all were killed on after day 40
inoculation by an overdose of anesthetic. Tissues from tumor
mass, mesentery, pancreas and gastrointestinal tract were
sampled and prepared with the routine method to produce
thin paraffin sections (5 µm) stained by hematoxylin and eosin
for the assessment of tumor invasion.

Invasive potency of SHEE in vitro
Tumor cell invasion in vitro was assessed by using a fresh
fetal amnion, which was cultured in 199 medium supplemented
with 10 % FBS. In the experiment, a piece of amnion and
50 000 SHEEIMM or SHEEMT cells were in turn added to
one well of a 24-well plate and incubated together for 24 h
and 72 h, and then were washed for several times with PBS.
Then the samples, including the piece of amnion and cells
adhering to it, were fixed with 2.5 % glutaraldehyde and postfixed with 2 % osmium tetraoxide. After full dehydration with
gradient concentrations of ethanol, the samples were adhered
to an aluminium stub and sprayed plating with gold for 3
minutes (EIKD, IB-3, Hitachi), which were further examined
by Hitachi H300 electron microscope with the attachment of
scanning apparatus.
RESULTS
Expressive alterations of ezrin and its mRNA
The ezrin mRNA detected by electrophoresis on 1 % agarose
gel was shown as a band of 3 032 bp segment, whose expression
was observed to be significantly up-regulated in SHEEMT by
RT-PCR assay compared with that expressed in SHEEIMM
cells as displayed in Figure 1. The same difference was also
noted in the expression of ezrin protein between both of the
cell passages (Figure 2).
a

b

c

3 032 bp
A

200 bp

B

Figure 1 RT-PCR assay of ezrin mRNA. The expression of
ezrin mRNA was significantly increased in SHEEMT compared
with that in SHEEIMM cells. A. Ezrin; B. GAPDH: a. Marker;
b. SHEEIMM; c. SHEEMT.
a

b

81 kDa

Figure 2 Western blot analysis of ezrin protein expression.
The ezrin protein was exhibited as a band of 81-kDa segment,
whose expression was up-regulated in SHEEMT compared
with that in SHEEIMM cells. Lane a: SHEEIMM; lane b:
SHEEMT.
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P

P
Figure 3 The inoculated SHEEMT cells (arrow) invaded into
the parenchyma of pancreas (P) (HE, ×200).
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Oncogenesis and invasiveness in SCID mice
After inoculated into the SCID mice, SHEEMT cells were noted
growing rapidly and forming tumor masses in 40 days. In
peritoneal cavity, tumors were observed occurring on the
mesentery, pancreas, urinary cyst, sub-diaphragm etc. with a
special propensity for invading mesentery and pancreas, but
did not exhibit any signs of hepatic metastases. Histological
examination revealed that these tumor cells did not only grow
on the organ surface, but also invade into adjacent tissues
(Figure 3). In the subcutaneous tissue of the right axilla, tumor
mass was observed macroscopically forming on the thoracic
wall and penetrating into the thoracic cavity. Pathologically,
these tumor cells harboring larger nucleus, nucleolus and less
cytoplasm could infiltrate and destroy adjacent muscular fibers
(Figure 4). Once transplanted, tumors could keep be passed to
other SCID mice. In contrast, SHEEIMM cells were not found
to form tumors in inoculated tissue by gross examination.
Invasive potency in vitro
After inoculated on the amnion, SHEEMT cells were shown
growing in cluster on the epithelial surface with the formation
of pseudopod that intruded into the gap between intercellular
conjunctions (Figure 5A). On the cutting surface, SHEEMT
cells were observed invading into the amnion stroma (Figure
5B). It was not found that the inoculated SHEEIMM cells could
adhere to or colonize on the amniotic epithelium.

M
C
M

Figure 4 Tumor formation in subcutaneous tissue inoculated
with SHEEMT cells (C), the latter was also shown to invade
and destroy nearby muscle fibers (M). (HE, ×200).

T

A

T

T
B

Figure 5 The invasiveness of inoculated SHEEMT cells on
amniotic epithelium was demonstrated by scanning electron
microscopy. A. A cluster of SHEEMT cells (T) grew on the
amniotic epithelial surface (bar, 5 µ); B. On the cutting surface,
SHEEMT cells (T) were observed invading into the amnion
stroma (bar, 50 µ).

DISCUSSION
Invasive potency is one of the most important features of
malignant tumors and is involved in a critical cascade of events
such as extracellular matrix degradation, cell migration and
colonization in the assaulted tissue. The invasive phenotype
formation of malignant cells requires up-regulated expression
of certain adhesive molecules, enzymes and related genes
responsible for the interaction between cancer cells and
extracellular matrix[29]. Several co-factors have been reported
to be involved in the process of invasion and metastasis[30-32]
besides ezrin that has been considered as an important molecule
contributing to the malignantly transformation of cells. In
addition to combining with adhesion molecules such as Ecadherin and catenin implicated in cell-cell and cell-matrix
adhesion[33], ezrin plays a critical role in the determination of
invasiveness of cancer cells[34].
In the present study, we investigated the expression of ezrin
and its mRNA in a malignantly transformed esophageal
epithelial cell line SHEEMT and further demonstrated its
unrestricted growth and invasive potency in both in vivo and
in vitro circumstances. The experimental results revealed that
the expression of ezrin protein and its mRNA was significantly
upregulated in SHEEMT compared with that in SHEEIMM
cells. The SHEEMT cells inoculated to SCID mice could form
tumor masses in both visceral organs and soft tissues in a period
of 40 days. Pathologically, these tumor cells harboring larger
nucleus, nucleolus and less cytoplasm could infiltrate and
destroy adjacent tissues. In the in vitro study, the inoculated
SHEEMT cells could grow in cluster on the amniotic epithelial
surface and intrude into the amniotic stroma. In contrast,
unrestricted growth and invasive property were not found in
the SHEEIMM cells that were used as the control in both in
vivo and in vitro experiments. As to our knowledge, this is one
of the few reports concerned about how the ezrin gene
expresses and what is its relation to the invasiveness formation
in malignantly transformed esophageal epithelial cells.
New technology in molecular medicine allows global
descriptions of complex expression patterns of genes
responsible for the malignant properties of tumors[35-38]. With
the two representative passages of cells described above, we

Shen ZY et al. Ezrin associates invasive phenotype in cell transformation

have defined the profile of genes involved in the invasiveness
of tumor cells using a sensitive cDNA microarray in a previous
study. We found that increased expression of ezrin protein in
SHEEMT cells was in accordance with their acquisition of the
invasive potency[39]. Based on these observations, we therefore
speculated that ezrin might be an important candidate of genes
in charge of the invasive behaviors of malignantly transformed
esophageal epithelial cells, as reported in lymphoma and
astrocytic tumors[40, 41]. However, recent work in this field has
also focused on the identification of ezrin-binding molecules,
including CD44, CD43, intercellular adhesion molecule[42--44] and
syndecan-2[45]. Moreover, modulation of the ERM protein ezrin
by Merlin and NF-2 has been reported in other literatures[46-48].
In the meanwhile, we have demonstrated that following
expression of MMP2 and MMP9, highly invasive potency was
developed in SHEEMT cells (Data to be published). All these
suggest the invasiveness of tumor cells is determined by
multiple genes and co-factors with complicated cellular signal
passways. Therefore, future works are necessitated to
demonstrate more exactly the roles of ezrin and related
molecules in the formation of invasive potency of cancer cells
by the gene knockout technique and other powerful tools.
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Abstract
AIM: In order to detect risk factors for esophageal cancer,
a national research program was carried out during the Eighth
Five-Year Plan (from 1991 to 1995).
METHODS: Cixian County and Chichen County in Hebei
Province were selected as the index and the control for the
study fields with higher or lower incidence of esophagus
cancer in China, respectively. In these areas, we investigated
the pollution of three nitrogenous compounds in well water
for drinking and the use of nitrogen fertilizer in farming.
RESULTS: In well water, nitrate nitrogen, nitrite nitrogen
and ammonia nitrogen were 8.77 mg/L, 0.014 mg/L and
0.009 mg/L in Cixian County in 1993, respectively. They were
significantly higher than their levels (3.84 mg/L, 0.004 mg/L
and 0.004 mg/L) in Chichen County (P<0.01, t=6.281,
t=3.784, t=3.775). There was a trend that the nitrogenous
compounds in well water increased from 1993 to 1996.
The amount of nitrogen fertilizer used in farming was 787.
6 kg per hectare land in Cixian County in 1991, significantly
higher than 186 kg per hectare in Chichen County (t=9.603,
P<0.001).
CONCLUSION: These investigations indicate that the pollution
of nitrogenous compounds in well water for drinking is closely
related to the use of nitrogen fertilizer in farming, and there is
a significantly positive correlation between the level of three
nitrogenous compounds in well water and the mortality of
esophageal cancer (correlation coefficient =0.5992). We suggest
that improvement of well system for drinking water quality
should be an effective measure for esophageal cancer
prevention and control in rural areas.
Zhang XL, Zhang B, Zhang X, Chen ZF, Zhang JZ, Liang SY,
Men FS, Zheng SL, Li XP, Bai XL. Research and control of well
water pollution in high esophageal cancer areas. World J
Gastroenterol 2003; 9(6): 1187-1190

http://www.wjgnet.com/1007-9327/9/1187.asp

INTRODUCTION
It is well known that the chief causes of most cancers are
environmental, dietary and lifestyle factors. In China, there is
a special area around the Taihang Mountain with the highest
incidence of esophageal cancer. Esophageal cancer has been
studied in this rural area for a long time[1-3]. These studies
indicate some relationship between local environmental factors
and esophageal cancer [4-8] . Among these, nitrogenous
compounds in well water for drinking is considered as a
possible risk factor for esophageal cancer because of its close
relationship with local people’s life[7, 8]. In this rural area, well
is the main water source for drinking. It is polluted usually by
nitrogenous compounds. In order to identify the effect of
nitrogenous compound pollution on esophageal cancer, we
designed a 2×2 cross-sectional study for factor analysis during
the Eighth Five-Year Plan (from 1991 to 1995). The research
program for investigating the relationship between drinking
water pollution and esophageal cancer was carried out. It also
included a step of improvement in well water quality and
pollution control.
MATERIALS AND METHODS
Study fields
According to mortality, two counties from Hebei Province were
selected for the present study fields, Cixian County as index
and Chichen County as control, respectively. From 1974 to
1976, the mortality per 100 000 of esophageal cancer
standardized by Chinese population in Cixian County and in
Chichen County was 147.7 and 8.3 in male, and 79.33 and 2.8
in female, respectively. Cixian County is located at the southern
part of Hebei Province and the eastern foot of the Taihang
Mountain. There are 354 villages under 35 local town
governments in Cixian County. It covers an area of 1 015 Km2
and has a population of 580 000.
Well registration
Before the investigation, a team for the program was organized.
The investigators and other work staff were trained based on
the program guideline. From the end of 1991 to the beginning
of 1992, we completed registration of the wells located in 101
villages (9 towns) in Cixian County and made well file. The
registered items of well file included (1) position, (2) type, (3)
depth, (4) enclosing wall, (5) wall structure, (6) pipeline, (7)
pollution source within 10 meter distance, (8) served
population, and (9) served time. According to the well
registration, we started a consecutive monitor on the pollution
of three nitrogenous compounds (nitrate nitrogen, nitrite
nitrogen and ammonia nitrogen) in the selected wells.
Meanwhile, we investigated the amount of nitrogen fertilizer
used in farming per year in the study fields.
Nitrogenous compounds examination
The level of ammonia nitrogen in water was analyzed by
Nessler’s reagent method. The amount of nitrate nitrogen and
of nitrite nitrogen was tested in terms of Cadmium column
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reduction method. The water samples were collected according
to the routine method[9-12].

Statistical analysis
Statistical analysis was performed by t test, and linear
correlation was used for analysis on the relationship between
three nitrogenous compounds and mortality of esophageal
cancer. Two-tailed P value of less than 0.05 was defined as
statistically significant.

Table 2 Farming use of nitrogen fertilizer (kg/hectare) in
Cixian County and Chichen County from 1991 to 1996

Cixian
Chichen
Ratio (Cixian
/Chichen)
b

RESULTS
Among 9 towns in Cixian County, there were three types of
well served for drinking water, manual-pump well, motor-pump
well and non-pump well. Non-pump well was main type, about
554 were built in these areas. This type of well had a big opening
mouth without pipe, enclosing wall and cover. Recently, some
new motor-pump wells were built. They were 200 meter in depth
with brick wall. These old and new wells provided drinking
water for 130 952 people. In the control areas, 1/3 of wells was
about 8 meters and 2/3 was less than 40 meters in depth. The
depth of water varied with season. The served time of wells was
different. The oldest one, for example, the Longwangmiao Well
of the Xiguanglu Village of the Guanglu Town had a history of
300 years, and the new one was only 2 years.
The pollution of nitrogenous compounds in drinking water
was a big health problem. We found that 41.2 % of the motorpump wells and 88.5 % of non-pump wells existed pollution
sources within 10 meter distance, for example, excrement and
urine from the residents and animals, and pollution sources
increased year by year. The monitoring data from the sampled
wells showed that nitrate nitrogen, nitrite nitrogen and ammonia
nitrogen in Cixian County were significantly higher than those
in Chichen County (P<0.01), and the pollution increased
gradually from 1993 to 1996 (Table 1). They were 20.6 %, 50.5
% and 33.3 % higher than the state permissive level,
respectively. The amount of nitrogen fertilizer used in Cixian
County’s farming was significantly higher than in Chichen
County (P<0.01), and there was an increasing trend (Table 2).
The time trend of three nitrogen compounds in relation to the
use of nitrogen fertilizer is shown in Figure 1, Figure 2 and
Figure 3 for Cixian County and Chichen County, respectively.
Table 1 Three nitrogenous compounds pollution (mg/L) of
the well water in Cixian County and Chichen County from
1993 to 1996
Numbers
of well

1993

1994

1995

1996

Cixian

33

8.770

Chichen

31

3.829

4.452

4.351

8.022

2.29

3.00

3.33

2.44
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1991

1992

1993

1994

787.6
186.0 b
4.20

825.1
202.5b
4.07

1293.1
196.5b
6.58

1213.6
201.0b
6.04

1995

1996

1251.1
220.5b
5.67

1053.1
219.0b
4.81

P<0.01, There was a significant difference between two counties.
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Figure 1 Time trend of nitrate nitrogen in relation to the farming
use of nitrogen fertilizer in Cixian County and Chichen County.
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Figure 2 Time trend of nitrite nitrogen in relation to the farming
use of nitrogen fertilizer in Cixian County and Chichen County.
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P<0.01, There was a significant difference between two
counties.

b

Figure 3 Time trend of ammonia nitrogen in relation to the
farming use of nitrogen fertilizer in Cixian County and Chichen
County.

DISCUSSION
It has been proven in animal experiments that nitrosamine
compounds (NOC) are a kind of strong carcinogen and can
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cause tumor in different animal tissues and organs[13-21]. The
epidemiological investigation has also demonstrated an
increased risk of human gastric cancer with food intake polluted
by nitrosamine compounds [22,23]. Nitrate and nitrite are
precursors of NOC[24,25].
If well water contains a large amount of three nitrogenous
compounds, and serve as main water source, there may be two
harmful effects on local people’s health. One is that three
nitrogenous compounds would accumulate in plants and in
crops[25-29]. Usually, nitrate is easily reduced to nitrite, and then
it is synthesized into NOC. The other harmful effect is that
local people and livestock or poultry would have an increased
intake of three nitrogenous compounds through the drinking
water[30-32]. These nitrogenous compounds with ammonia can
be changed to a strong carcinogen, NOC, in stomach since its
pH value is 1-3 from gastric acid[33].
The present investigation showed that the pollution of three
nitrogenous compounds in the index area with high risk of
esophageal cancer was significantly higher than that in the
control area (P<0.01). The mortality ratio between Cixian
County and Chichen County was 17.9 (147.7 per 100 000 /8.
3 per 100 000) in male, and 28.5 (79.3/2.8) in female in the
period of 1974 through 1976. There was a positive correlation
between the nitrate nitrogen, nitrite nitrogen in well water and
mortality of esophageal cancer in the study fields. The present
findings indicate that heavy pollution of nitrogenous
compounds in drinking water in the index area is a possible
risk factor for esophageal cancer.
There were two possible pollution sources of nitrogenous
compounds for well in the investigated fields, living garbage
or excrement and farming nitrogen fertilizer. In comparison
of the two counties, we found that the amount of nitrogen
fertilizer used in farming in Cixian County was significantly
higher than that in Chichen County, and the pollution of nitrate
nitrogen and nitrite nitrogen in well water had a similar trend
(Figure 1 and Figure 2). It can be understood that the nitrate
nitrogen and nitrite nitrogen in well water come mainly from
the pollution of farming nitrogen fertilizer. The amount of
ammonia nitrogen in well has not a regular change. Its pollution
to the drinking water is possibly resulted from the excrement
of local people and animals other than farming nitrogen
fertilizer.
Based on these evidences, well water pollution control of
three nitrogenous compounds will be one of the important
measures for the primary prevention of esophageal cancer in
the higher risk areas. The study revealed that water quality
improvement had a beneficial effect on gastric cancer
prevention[34]. At the beginning of the Ninth Five-Year Plan
(1996-2000), a program for improvement of water supply
system in the index area was started. Initial effect was observed
(Table 3). There was a significant decline of three nitrogenous
compounds in well water after several years’ pollution control.
These findings indicate that the program for improvement in
water supply system is successful for pollution control. Whether
pollution control of nitrogenous compounds contributes to
incidence decline of esophageal cancer in the higher risk area,
needs further study and more evidence.
Table 3 Three nitrogenous compounds (mg/L) in well water
before and after well reconstruction
No. of well
12#
14#
29#
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Based on the presently investigated results, measures for
pollution prevention and control in the areas with high risk of
esophageal cancer should include: (1) The first measure is to
improve the health consciousness of local people on drinking
water, and to develop the type of deep well with pipeline. (2)
The second is to focus on the environmental hygiene surrounding
the well. It includes garbage control near water source, and
sanitary management of excrement and urine. (3) The third is to
establish and to improve the system management of water source,
and to supply clean water with pipeline. (4) The fourth is to
build high quality lavatory and to prevent its pollution to well
water. (5) The fifth is to encourage local farmers to use rational
formula fertilization in order to decrease effectively organic
nitrogen pollution in the environment.
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Abstract
AIM: To develop an oral DNA vaccine against gastric cancer
and evaluate its efficacy in mice.
METHODS: The genes of the MG7-Ag mimotope and a
universal Th epitope (Pan-DR epitope, PADRE) were
included in the PCR primers. By PCR, the fusion gene of
the two epitopes was amplified. The fusion gene was
confirmed by sequencing and was then cloned into pcDNA3.
1(+) plasmid. The pcDNA3.1 (+)-MG7/PADRE was used
to transfect an attenuated Salmonella typhimurium.
C57BL/6 mice were orally immunized with 1×10 8 cfu
Salmonella transfectants. Salmonella harboring the empty
pcDNA3.1(+) plasmid and phosphate buffer saline (PBS)
were used as negative controls. At the 6th week, serum
titer of MG7-Ag specific antibody was detected by ELISA.
At the 8th week cellular immunity was detected by an
unprimed proliferation test of the spleenocytes by using
a [ 3 H]-thymidine incorporation assay. Ehrlich ascites
carcinoma cells expressing MG7-Ag were used as a model
in tumor challenge assay to evaluate the protective effect
of the vaccine.
RESULTS: Serum titer of antibody against MG7-Ag was
significantly higher in mice immunized with the vaccine than
that in control groups (0.841 vs 0.347, P<0.01; 0.841 vs
0.298, P<0.01), while in vitro unprimed proliferation assay
of the spleenocytes showed no statistical difference
between those three groups. Two weeks after tumor
challenge, 2 in 7 immunized mice were tumor free, while
all the mice in the control groups showed tumor formation.
CONCLUSION: Oral DNA vaccine against the MG7-Ag
momitope of gastric cancer is immunogenic. It can induce
significant humoral immunity against tumor in mice, and
the vaccine has partially protective effects.
Guo CC, Ding J, Pan BR, Yu ZC, Han QL, Meng FP, Liu N, Fan
DM. Development of an oral DNA vaccine against MG7-Ag of
gastric cancer using attenuated salmonella typhimurium as
carrier. World J Gastroenterol 2003; 9(6): 1191-1195
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INTRODUCTION
Gastric cancer is the most common malignant tumor in China
and the second most common malignancy around the world.
Conventional intervention measures such as operation and
chemotherapy work poorly in treating gastric cancer. And with
few tumor-specific antigens identified, there are few effective
vaccines developed to combat gastric cancer. MG7-Ag,
discovered by our institute, is a kind of gastric cancer-specific
tumor-associated antigen. Detecting the serum anti-MG-Ag
antibody serves as a preliminary test in the diagnosis for gastric
cancer and could be used for the surveillance of relapse and
the appraisal of treatment efficacy[1]. MG7-Ag can be used as
an indicator for high risk of malignant change in stomach
mucosa dysplasia[2]. Primary study showed that MG7-Ag could
elicit significant specific immune response against gastric
cancer, suggesting that it could be an excellent target for cancer
vaccine development. However, due to its unknown identity,
it is much difficult to isolate and purify MG7-Ag from tumor
tissues. Recently, we have identified the mimotopes of MG7Ag by screening the phage display library, and the mimotopes
could mimic the primary antigen efficiently, as shown by in
vitro and in vivo assays[3, 4]. We reported here for the first time
the development of an oral DNA vaccine by using the MG7Ag mimotope of gastric cancer.
MATERIALS AND METHODS
Plasmids and bacteria
The plasmid pcDNA3.1(+) was purchased from Invitrogen
Corporation. And the pEGFP plasmid containing the enhanced
green fluorescence protein (EGFP) gene was purchased from
Clontech Corporation. Attenuated Salmonella typhimurium
SL3261 strain was used as the oral vector to develop the vaccine.
Construction of eukayotic expression vector of MG7-Ag
momitope fused with a helper T cell epitope PADRE
Two pairs of PCR primers (P1.1, P1.2 and P2.1, P2.2) were designed
by using Primer Premiere 5.0 software. The sense primers
(P1.1 and P2.1) were both 5’-CGATGTACGGGCCAGATA
TACGCG-3’, corresponding to the 209-232 bp sequence of
pcDNA3.1(+). Reverse primer P 1.2 was 5’-ACTTCCTC
CTCCTTTTGTATGCACA TGAGGTTTCATGGTGGCAA
GCTTCCTACCGCCCATTTGCGT, corresponding to the
reverse complementary sequence of 768-785 bp sequence of
pcDNA3.1(+), Hind III digestion site, Kozak sequence, and the
sequence of the MG7-Ag mimotope. Reverse primer P2.2 was
5’-TTAAGCAGCAGCTTTAAGTGTCCAAGCAGCCAC
AAATTTAGCACTTCCTCCTCCTTTTGTATGCA-3’,
corresponding to the reverse complementary sequence of the
MG7-Ag mimotope and the universal Th epitope PADRE. Two
PCR reactions were performed to incorporate the mimotope
and the PADRE into a fragment of pcDNA3.1(+) plasmid. In
this case, the pcDNA3.1 fragment was used as a carrier to
facilitate further manipulations. For the first PCR reaction,
template was plasmid pcDNA3.1(+), and primers were P1.1 and
P1.2. By using the product of the first PCR as template, a second
PCR was performed with primers P2.1 and P2.2 to incorporate
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the PADRE epitope into the yielding fragment. The final PCR
product was visualized by agarose electrophoresis and was then
cloned into pUCm-T vector and sequenced on ABI PRISMTM
377 sequencer. Then, the PCR product was subcloned into
pcDNA3.1(+) vector from the pUCm-T vector. By restrictive
enzyme digestion with Hind III, the non-relevant plasmid
fragment was removed from the final recombinant vector
pcDNA3.1(+)-MG7/PADRE. The vector was sequenced to
confirm the proper encoding sequence.

Construction of oral DNA vaccine and in vitro experiment using
attenuated Salmonella typhimurium as the oral DNA vector
To get the oral DNA vaccine, the pcDNA3.1(+)-MG7/PADRE
vector was transduced into the attenuated Salmonella
typhimurium SL3261 by electroporation (2.5 kV, 25 µF, 200
Ω, pulse time 0.0326S). Plasmid in the Salmonella transfectant
was extracted and used as template, and PCR was performed
by using primer P1.1 and primer P2.2 to verify the successful
transfection. The PCR product underwent agarose
electrophoresis for visualization. An in vitro experiment was
performed by using the SL3261 strain as the oral vector of
DNA vaccine according to reference[5]. Briefly, eukaryotic
expression vector of the enhanced green fluorescence protein
was transduced into the attenuated Salmonella typhimurium
SL3261. The transfectants were coincubated with murine
peritoneal macrophage at 37 for 30 min. SL3261 harboring
the empty pcDNA3.1(+) plasmid was used as negative control.
Gentamycin was added into the culture media to kill the
extracellular beacteria. Four hours later, tetracycline was added
to kill the intracellular bacteria. The infected macrophages were
cultured for 48 hours, and were then examined by flow cytometry
(FCM) for the expression of green fluorescence protein.
Immunization of the mice and immune response examination
Thirty-five female 4-week-aged C57BL/6J mice weighing 1520g were used in the immunization assay. They were randomly
divided into 3 groups, which were orally given the PBS solution
(10 mice, PBS control), the attenuated Salmonella SL3261
harboring the empty pcDNA3.1(+) plasmid (10 mice, empty
control) or the oral DNA vaccine SL3261 strain harboring the
pcDNA3.1(+)-MG7/PADRE (15 mice, immunization group).
a

b

World J Gastroenterol

Before immunization, all the mice were starved overnight and
pre-administered with 100 µl 10 g/L NaHCO3 solution. Each
time, 100 µl PBS (pH7.6) was given to the mice in PBS control
group, and 1×108 Salmonella typhimurium were given to the
mice in the empty control and immunization group. PBS and
Salmonella typhimurium were given to the mice by orogastric
inoculation. Immunization was repeated every two weeks. At
the 6th week after the first immunization, sera from the mice
(5 mice from each group) were prepared and 1:80 diluted. By
coating KATO III cells expressing the MG7-Ag on the plates,
a cellular ELISA was performed to detect the antibody against
MG7-Ag. At the 8th week, the splenocyte suspension was
prepared, and an unprimed proliferation test of the splenocytes
was performed by a [3H]-thymidine incorporation assay[6] with
a few modifications. Briefly, splenocyte suspension of the mice
from three groups was prepared. 1×106 cells were plated into
each well of 96-well plate. Into each well, 1×105 mytocin Cpretreated autologous antigen-presenting cells (APC) were
added. The cells were incubated with 50 µg/ml synthetic MG7Ag mimotope peptide for 4 hours. The cells were washed and
cultured for 3 days. Then cells were incubated for 6 hours with
74MBq/L of [3H]thymidine. The plates were harvested, and
the proliferative response of the splenocytes was examined by
measuring the β counts of the cells. To further investigate the
efficacy of the oral DNA vaccine, the tumor challenge assay
was performed. Ehrlich ascites carcinoma cells (EAC) were
immunostained with MG7 antibody to verify the presence of
the MG7-Ag. Then 1×107 EAC cells were injected into the
abdominal cavity of the mice in each group. The number of
tumor-bearing mice and the survival rate of each group were
observed.

RESULTS
Construction of the oral DNA vaccine
By PCR, MG7-Ag mimotope and PADRE were fused together
and incorporated into a fragment of the pcDNA3.1(+) (Figure
1). The proper coding of the epitopes was confirmed by
sequencing (Figure 2). The PCR product was subcloned into
pcDNA3.1(+). And by Hind III digestion, the fragment of the
pcDNA3.1 in the PCR product was removed (Figure 3).
c
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Figure 1 Incorporation of the epitope gene into the pcDNA3.1 fragment by PCR: A product of 620bp was amplified by the first
PCR (a), and a fragment of 660bp was amplified by the second PCR (b).
Figure 2 Hind III digestion of the recombinant plasmid after subcloning the PCR product into pcDNA3.1(+) from the pUCm-T
vector: A fragment of 660bp was released (c), which corresponded to the size of the carrier fragment.
Figure 4 PCR identification of the pcDNA3.1(+)-MG7/PADRE plasmid harbored by the Salmonella typhimurium SL3261: By PCR,
a fragment of 800bp was amplified (d), suggesting the existence of epitope genes and removal of carrier fragment.
AAG CTT GCC ACC ATG AAA CCT CAT GTG CAT ACA AAA GGA GGA GGA AGT GCT AAA TTT
Hind III
Kozak
M
K
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T
K
G
G
G
S
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F
GTG GCT GCT TGG ACA CTT AAA GCT GCT GCT TAA
V
A
A
W T
L
K
A
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A
Z
Figure 3 Sequencing of PCR product (partial sequence): By PCR, the two epitopes were fused together and incorporated into a
pcDNA3.1 fragment. The amino acid sequence of KPHVHTKGGGS correspondeds to the sequence of MG7-Ag mimotope.
AKFVAAWTLKAAZ corresponds to the sequence of universal Th epitope PADRE.

Guo CC et al. Oral DNA vaccine against gastric cancer

The pcDNA3.1(+)-MG7/PADRE was transduced into the
attenuated Salmonella typhimurium SL3261 by eletroporation.
Plasmid from the transfectant was extracted and used as
template. By PCR, it was verified that the plasmid harbored
by the SL3261 transfectant was pcDNA3.1(+)-MG7/PADRE
(Figure 4).

In vitro assay using Salmonella typhimurium as oral DNA
vaccine vector
Forty-eight hours after infection with Salmonella typhimurium,
fluorescence intensity of macrophages infected by the
Salmonella harbouring the pcDNA3.1(+)-EGFP was 0.927 and
the percentage of fluorescent cells was 40.6 %, which was
significantly higher than that of than the control (0.345 P<0.01
and 3.8 % P<0.01 respectively). Our result showed that
pcDNA3.1(+)-EGFP plasmid was transferred into the
macrophages from the bacteria and was expressed by the
macrophages, suggesting that the SL3261 strain could be used
as the oral DNA vaccine vector.
Immune response induced by the oral DNA vaccine
No diarrhea was seen in the mice given the Salmonella
typhimurium harbouring either the vaccine DNA or the empty
pcDNA3.1(+) vector. And no Salmonella infection-associated
death occurred in the end of the experiments. Six weeks after
the first immunization, serum titre of the antibody against MG7Ag was significantly increased in the vaccine-immunized mice,
while no significant titre of MG7 antibody was detected in the
control groups. There was a significant difference between the
vaccine-immunized group and the control groups (P<0.05),
while no difference was detected between the two control
groups (P<0.05, Table 1). In vitro unprimed proliferation assay
of the splenocytes showed no statistical difference between
those three groups (Table 2), suggesting no significant cellular
immunity was elicited.
Table 1 Cellular ELISA detection of antibody in the immune
serum (OD450, x±s)
Group
PBS control
Empty vector control
Vaccination group

OD450
0.298±0.017
0.347±0.062
0.841±0.136

Paired Student t-test was used to investigate the difference
between two groups.
Table 2 In vitro unprimed assay of spleenocytes (Radiation
count/min cpm x±s)
Group
PBS control
Empty vector control
Vaccination group

Radiation count (cpm)
2981±389.8
3158±416.7
2896±335.4

Paired student t-test was used to investigate the difference
between two groups.

By immunohistochemical staining, it was found that MG7Ag was expressed in the EAC cells, both on the membrane
and in the cytoplasm (Figure 5), indicating that the EAC cells
can be used to challenge the mice to investigate the protective
ability of the oral DNA vaccine. Two weeks after the challenge,
all the mice in the control groups developed neoplastic ascites,
which was confirmed by microscopic observation of the cells
in ascites. However, 2 in the 7 vaccinated mice were tumor
free. All the mice in the control group died 4 weeks after the
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primary challenge, while the tumor-free mice in the
immunization group survived 8 weeks after the challenge with
no signs of tumor formation. Our results suggested that the
oral DNA vaccine was partially protective.

A

B`
Figure 5 Immunohistochemical staining of the Ehrlich ascites
carcinoma cells (EAC): Positive signal was seen in the cytoplasm and membrane of the EAC cells (A). When stained with
a negative control monoclonal antibody (anti-E-tag antibody),
the EAC cells showed no positive staining (B).

DISCUSSION
Attenuated strains of Salmonella typhimurium have been
widely used as vehicles for delivery and expression of vaccine
antigens. Attenuated Salmonella typhimurium strains
expressing antigens from bacteria, viruses and parasites have
been proved efficient as well as safe in combating respective
pathogens[7]. Due to mutations in their genome, attenuated
Salmonella typhimurium lost their pathogenicity but remained
to be invasive. When used as the oral vehicle, they can invade
the M cells and the intestinal epithelial cells and penetrate the
mucosal barrier of the intestine. Subsequently, they can be
uptaken by the macrophages and dendritic cells (DC) in the
lamina propria and the Peyer’s patch. The intracellular bacteria
would not undergo lysis in the lysosomes immediately but
survive for a period of time due to unknown reasons. The
intracellular bacteria could provide a reservoir of antigen, so
these features of the Salmonella typhimurium strains make them
an excellent vehicle of oral vaccines. The use of attenuated
Salmonella typhimurium as oral DNA vaccine carrier was first
reported by Darji and his colleagues[8]. They found that when
used as the carrier of DNA vaccines, the Salmonella could
deliver the eukaryotic vector to the host cells through the
unknown mechanism and the eukaryotic vector could be
expressed by the host cells. Further study by Paglia et al
suggested that attenuated Salmonella typhimurium could
deliver the eukaryotic vector to the dendritic cells in the
spleen[9]. Other studies suggested the expression of eukaryotic
vectors in dendritic cells in the mesenteric nodes and Peyer’s
patch was detected early after inoculation [10-12]. Oral DNA
vaccines developed by using Salmonella typhimurium as carrier
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can provide a context similar to intracellular bacteria infection
and render the body danger signals. Besides, the DC cells are
excellent antigen presenting cells and have high expression of
costimulatory molecules. So it is not surprising that the oral
DNA vaccines can evoke significant immune response,
especially CTL response[5, 11, 13, 14]. In this study, we used an
attenuated Salmonella typhimurium strain SL3261 (S.
typhimurium WARY hisG46 aroA del407 Fusaricres etc,
R+M+), which genotype is much the same as SL7207. We
found that it could also act as the carrier of DNA vaccine,
which was safe to mice.
CD4+ T cells (T helper cells, Th) play important roles in
modulating immune response: They can facilitate the activation
of CTL cells by cross-priming, produce various cytokines for
the activation of T and B cells, upregulate the costimulatory
molecules on APC cells and enhance their ability of antigen
processing and presenting. In order to enhance the efficacy of
the DNA vaccine, we fused the MG7-Ag mimotope with a
universal T helper cell epitope PADRE, which was developed
by Alexander et al[15]. They introduced the anchoring motif of
MHC molecules into the polyalanine backbone and found that
the PADRE could bind to most of the human HLA-DR alleles
and certain mouse class II alleles and elicit strong CD4+ T cell
response; the epitopes were approximately 1000 times more
powerful than natural T cell epitopes. PADRE has been used
as the adjuvant for various epitopes including B cell epitope,
CTL epitope and carbohydrate epitope and was proved to be
efficient in enhancing the immunogenicity of these epitopes.
Ishioka et al[16] developed a minigene vaccine by including
PADRE in tandem with multiple CTL epitopes with no spacer
between them, and found that though the affinity of the CTL
epitopes varied much, PADRE could still provide adjuvant
effects on the induction of strong CTL response. Their study
suggested that spacers were not necessarily needed in designing
the multi-epitope minigene DNA vaccines. Therefore we fused
the PADRE directly with the mimotope gene. To guarantee
the efficient expression of the minigene, we included a Kozak
sequence to right upstream the ATG initiation codon of the
fusion gene. Kozak sequence is a specific sequence for the
recognition and initiation of the transcription for the eukaryotic
ribosome. The study suggested that Kozak sequence was
necessary for correct and efficient expression of minigene
vaccine[17].
MG7-Ag of gastric cancer was discovered by our institute,
and we found that the immonogenicity of the MG7-Ag was
located in the carbohydrate chain of the glycoprotein. Due to
its unknown identity, MG7-Ag is hard to be isolated from tumor
tissue. Our institute has successfully identified the anti-MGAg antibodies using phage display method [18,19]. Thus we
identified the mimic peptides of MG7-Ag by screening the
phage display peptide library with the MG7 antibody and then
used it as the target for vaccine development. DNA vaccine of
mimotope was first reported by Kieber-Emmons et al[20], and
the feasibility to develop DNA vaccine of mimotopes was
further confirmed by Lesinski et al[21]. In both studies, the DNA
vaccine of mimotope induced strong humoral immune
response. And in the former study, no significant CTL response
was elicited. As shown by Monzavi-Karbassi et al, the mimic
peptides could induce carbohydrate antigen reactive T cell
response[22]. Therefore, absence of significant specific T cell
response in Kiever-Emmons’s study and our study might be
due to the immunogen type of the primary antigen. However,
the oral DNA vaccine developed by us was shown to be
partially protective as shown by the tumor challenge assay
though no significant difference was seen in the 3H-Tdr
incorporation assay. The inconsistency between the results of
tumor challenge assay and the 3H-Tdr incorporation assay
might be due to the following reasons: (1) The inaccuracy of
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the 3H-Tdr incorporation assay in determining the T cell
response. More accurate methods include 51Cr-releasing assay
and ELISPOT. Moreover in our study, we did not purify CD8+
T cells for 3H-Tdr incorporation assay. The existence of other
types of cells might affect the results. (2) The sample included
in the tumor challenge assay was too small. Much larger
samples would be needed to further confirm the protective
effect of the oral DNA vaccine.
Due to its various mechanisms of multi-drug resistance,
gastric cancer often responds poorly to chemotherapy[23, 24].
Cancer vaccines have been proved a powerful adjuvant
intervention in gastric cancer management. Study showed
that gastric cancer antigens could induce specific immune
response[25]. We reported here the first attempt to develop an
oral DNA vaccine against gastric cancer antigen mimotope.
The oral DNA vaccine against MG7-Ag mimotope is
immunogenic. It can induce significant immune response
against gastric cancer and may be partially protective in mice.
Our results verified the feasibility to develop oral DNA vaccine
of mimotopes and efficacy as well as safety of Salmonella
typhimurium as oral DNA vaccine carriers.
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Abstract
AIM: To identify the gene that may predispose to human
gastric cancer and to analyze its expression in gastric cancer
and non-tumorous gastric mucosa.
METHODS: Cancer, para-tumor, and non-tumor gastric
tissues were studied for gene expression profile using
fluorescent differential display reverse transcription
polymerase chain reaction (DDRT-PCR). The differentially
expressed bands of interest were analyzed by cloning,
Northern blotting, and sequencing. The sequencing results
were compared with the GenBank database for homology
and conserved domain analysis. In situ hybridization with
DIG-labeled cRNA probes was used to detect the expression
of gene in paraffin embedded gastric adenocarcinoma and
non-cancerous tissues.
RESULTS: A gene expressed higher in tumor and para-tumor
tissues than in their non-tumor counterparts of all 7 tested
gastric adenocarcinoma patients was identified by means of
DDRT-PCR analysis. It was named GCRG213 (gastric cancer
related gene 213). Northern blot confirmed the differential
expression. GCRG213 (GenBank No. AY053451) consisted of
1094 base pairs with an open reading frame (ORF) which
encoded 142 amino acids. The deduced amino acid sequence
contained a putative conserved domain, apurinic/apyrimidinic
endonuclease (APE). In situ hybridization analysis showed
that GCRG213 was expressed higher in gastric cancer tissues
than in their corresponding non-tumor ones. Precancerous
leisions of gastric adenocarcinoma showed a high GCRG213
expression, too. No difference of the expression patterns was
found between the early and advanced gastric cancer.
CONCLUSION: A gene named GCRG213 was identified in
human gastric adenocarcinoma. It encoded an APE-like
protein which was probably a new member of the APE family.
GCRG213 was over-expressed not only in gastric cancer,
but also in its precancerous leisions. The role of GCRG213
expression in carcinogenesis needs further study.
Wang GS, Wang MW, Wu BY, Liu XB, You WD, Yang XY. A gene
encoding an apurinic/apyrimidinic endonuclease-like protein is
up-regulated in human gastric cancer. World J Gastroenterol
2003; 9(6): 1196-1201
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INTRODUCTION
Gastric cancer is the second most common cause of cancerrelated deaths in the world. It is widely accepted that genetic
alterations play an important role in the pathogenesis of gastric
cancer[1,2]. The expression of oncogenes such as c-met, c-myc,
ras, c-erbB-2[3-5], the inactivation of tumor-suppressor genes, such
as p53, p16, Rb, DCC, APC[6-12]; and the abnormal transcription
of genes related to metastasis, such as nm23, CD44, and Ecadherin [12,13], have been reported in patients with gastric
adenocarcinoma. Recent data showed that cancer related genes
such as COX-2 [14,15], survivin [16,17], metallothionein II and
RUNX3, etc.[18-22] were also expressed abnormally in gastric
cancer. With the development of molecular biology techniques,
such as cDNA array and differential display reverse transcription
polymerase chain reaction (DDRT-PCR), some novel genes or
cDNA fragments closely related to the development of human
gastric cancer were identified recently[23-32]. However, the genetic
factors in human gastric cancer and their mechanisms of
carcinogenesis remain uncertain and deserve further study. We,
therefore, used DDRT-PCR to screen the human intestinal-type
gastric adenocarcinoma and its precursor lesions for the
differential expression of gastric cancer related genes (GCRGs).
In our previous reports, we described a cDNA fragment which
was upregulated in human gastric cancer tissues. Two
subclones, GCRG213 and GCRG224, were subsequently
identified. GCRG224 was overexpressed in almost all gastric
mucosal epithelia but only in a small portion of gastric cancer
and precancerous leisions[33]. In this study, we investigated the
subclone, GCRG213 and found that it was a gene encoding an
apurinic/apyrimidinic endonucleas1(APE)-like protein.
GCRG213 was overexpressed in gastric cancer and in its
precancerous leisions.
MATERIALS AND METHODS
Patients and tissue acquisition
Fresh primary intestinal-type gastric adenocarcinoma, paratumor tissues and non-cancerous gastric mucosal tissues were
collected from 7 patients (male: 4, female: 3; mean age: 51±18
years old) during surgical operation for the differential display
analyses of genes. The para-tumor tissues were collected at 1.0
cm away from the tumor mass. Three other sets of fresh gastric
adenocarcinoma and non-cancerous gastric tissues were used
for Northern blot analysis. Specimens of paraffin embedded
gastric adenocarcinoma (male: 21, female: 11; mean age 57±8
years old) and their corresponding noncancerous tissues were
collected for in situ hybridization analysis. Of the 32 cases of
gastric adenocarcinoma, 15 cases were early gastric cancer
while the other 17 cases were advanced carcinoma. The diagnosis
of cancer was confirmed through histological findings.
Differential display, cloning and sequencing
Total RNA was extracted from tissues using TRIzol reagent (Life
Technologies, Inc., Rockville, Maryland) according to the
instructions of the manufacturer. The fluorescent differential
display was performed as previously described[34]. The primers
used in the assay were T12GG vs. ARP-8: 5’TGGTAAAGGG3’
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(Genomyx Corporation, Foster City, CA). The intensity of
differentially expressed bands was quantified by Image Quant
software (Molecular Dynamics, Sunnyvale, CA). The
differentially expressed cDNA fragments were sub-cloned and
sequenced as described previously[33]. The sequenced cDNA was
analyzed via the BLAST program for matches in the GenBank
database[35], and DNASIS software (Hitachi Software Engineering
America Ltd., San Bruno, CA) was used for bioinformatic analysis.

Northern blot analysis
Dig Northern Starter Kit (Roche Diagnostic Corporation,
Indianapolis, IN) was used. The procedure of hybridization
was performed according to the manufacturer’s protocol. Antisense cRNA probe labeled with digoxigenin was generated
from a digested cDNA insert by means of in vitro transcription.
Digoxigenin labeled sense cRNA probe was used as a negative
control. The hybridization signals were visualized with
chemiluminescence which is recorded on X-ray films. The
exposure time was 10 minutes.
In situ hybridization
All specimens were fixed in 10 % neutral buffered formalin
and embedded in paraffin. A series of 5 µm thick sections
were cut for analysis. In situ hybridization (ISH) was performed
as previously described [36,37] using anti-sense cRNA probe
labeled with digoxigenin. Briefly, the slides were dried at 40
overnight, dewaxed, rehydrated and pretreated with DEPCtreated PBS containing Triton X-100. The sections were then
permeabilized with 20 µg/ml RNase-free proteinase K (Merck,
for at
Darmstadt, Germany) for 20 min, incubated at 37
least 20 min with prehybridization buffer. Each section was
overlaied with 30 µl of hybridization buffer containing 10 ng
of digoxigenin-labeled cRNA probe and incubated at 42
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overnight. The positive signal for GCRG213 mRNA was
finally detected by using NBT/BCIP as substrate. Sense cRNA
probes were used as negative control. The presentation of blue
staining in cytoplasm was considered positive. The positive
staining of cytoplasm was semi-quantified as Grade ±: barely
detectable light blue, Grade 1+: diffuse light blue, Grade 2+:
blue staining, and Grade 3+: dark blue. More than 100 nontumor or tumor cells were quantified in each measurement,
and more than one measurement was required to confirm the
diagnosis. Consequent slides with H&E staining were then
reviewed to compare the histological patterns to the staining
patterns in the ISH preparations.

Informed consents
The study protocol was approved by the Institutional Review
Board of the hospital under the guidelines of the 1975
Declaration of Helsinki. Written informed consents were
obtained from patients.
RESULTS
Identification of a human gastric cancer related gene
One differentially expressed cDNA band named W2 was found
to be more abundant in the tumor and paratumor samples in
all tested patients. W2 was sub-cloned into a pGEM-T easy
vector, and confirmed by EcoR I digestion. Two subclones,
GCRG213 and GCRG224, were subsequently identified[33].
Sequencing results showed that GCRG213 consisted of 1094
base pairs with an open reading frame (ORF) which encoded
142 amino acids with an estimated molecular weight of 16.4
kDa (Figure 1). This nucleotide sequence data were submitted
to GenBank with accession No. AY053451. BLASTN analysis
revealed that GCRG213 shared 88 % homology with human

3 GTA AAG GGA TCA ATG CAA CAA GAA GAG CTA ACT ATC CTA AAT ATA TAT GCA CCT AAT ACA
62
1
M
Q
Q
E
E
L
T
I
L
N
I
Y
A
P
N
T
20
.
.
.
.
.
.
63 AGA GCA CCC AGA TTC ATA AAG CAA GTC CTT AGA GAC CTA CAA AGA GAC TTA GAT TCC CAC
122
21 R
A
P
R
F
I
K
Q
V
L
R
D
L
Q
R
D
L
D
S
H
40
.
.
.
.
.
.
123 ACA ATA ATA ATG GGA GAC TTT AAC ACC CAA CTG TCA ATA TTA GAA AGA TCA ACA AGG CAG
182
41 T
I
I
M
G
D
F
N
T
Q
L
S
I
L
E
R
S
T
R
Q
60
.
.
.
.
.
.
183 AAG GTT AAC AAA GAT ATC CAG GAC CTG AAC TCA GCT CTG CAA CAA ACA GAC CCA ATA GAC 242
61 K
V
N
K
D
I
Q
D
L
N
S
A
L
Q
Q
T
D
P
I
D
80
.
.
.
.
.
.
243 ATC CAC AGA ACT CTC CAC CCC AAA TCA ACA GAG TGT ACA TTC TTC TCA GCA CCA CAT CTC
302
81 I
H
R
T
L
H
P
K
S
T
E
C
T
F
F
S
A
P
H
L
100
.
.
.
.
.
.
303 ACT TAT TCT AAA TTT GGC CAC ATA ATT GGA AGT AAA GCA CTC CTC ACC AAA TGT AAA AGA
362
101 T
Y
S
K
F
G
H
I
I
G
S
K
A
L
L
T
K
C
K
R
120
.
.
.
.
.
.
363 ACA GAA ATC ACA ACA GAC TGT CTC TCA GAC CAC AGT GCG ATC AAA TTC GAA CTT AGG ATT
422
121 T
E
I
T
T
D
C
L
S
D
H
S
A
I
K
F
E
L
R
I
140
.
.
.
.
.
.
423 AAG AAG CTC ACT CAA AAC TGA ACA ACT ACA TGG AAA CTG AAT AAT TTG CTC CTG AAT GAC 482
141 K
K
L
T
Q
N
*
160
.
.
.
.
.
.
483 TAC TGG GTA AAT AAC AAA ATG AAG GCAGAA ATA AAG ATG TTC TTT GAA ACC AAT GAG AAC
542
543 AAA GAC ACA ATG TAC CAG AAT CTC TGG GAC ACA TTT AAA GCA GTG TGT AGG GGG AAATTG 602
603 ATA GCA CTA AAT GCC CAG AAG AGA AAG CAG GAA AGA TCT AAA ATT GAC CCC CTA ACATCA
662
663 CAA TTA AAA GTA CTA GAG AAG AAA AAG CAA ACA CAT TCA AAAGCTGGCAGA AGG AAA AAA 722
723 TAA GAT CAG AGC AGA GCT GAA GGA GAC AGA GAC ACA AAA AACCCTTCAAAA AAG CAATGA
782
783 ATC CAG GAG CTT GTT TTT TGA AAA GAT CAA CAA AAT TGA TAG ACT GCT AGC AAG ACT AAT
842
843 AAA GAG AAA AGA GAG AGG AAT CAA ATA GAT GCA ATA AAA TGA TAA AGG GGA TAT CAC CAC
902
903 TGA GCC CAG GGA AAT AAA AAC TAC CAT CAG AGA ATA CTA TAA ACG CCT ATA CAC AAA TAA
962
963 ACT TGA ACA TCT GGA AGA AAT GGA TAA ATT CTG GGA CAC ATA CAC CCT TGC AAG ACT AAA 1022
1023 CCA GGA AGA GGT TGA ATC TCT GAA TAG ACC AAT AAC AAG TTC TGA AGT TGA GGC AGT AAT 1082
1083 TAA TAG CCT ACC AAA AAA AAA AAA
1106

Figure 1 Sequence of the human GCRG213 cDNA. The DNA sequence encoding the predicted start (ATG) and stop (TGA) codons
is bolded and underlined. Three possible polyadenylation signals (AATAAA) are in italics. The protein encoded by the open
reading frame is indicated in the single-letter code below the DNA sequence.
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retrotransposable LINE-1 element LRE2. Through conserved
domain database search in GenBank, a putative conserved
domain, apurinic/apyrimidinic endonucleas1 (APE), was
detected in the deduced amino acid sequence of GCRG213-
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ORF, it shared 61.0 % alignment with the C-terminal region
of APE conserved domain (Figure 2). Northern blot analysis
showed that GCRG213 was over-expressed in tumor tissues
than in their non-tumor counterparts (Figure 3).

A

B
Figure 2 NCBI conserved domain search results. A: GCRG213 ORF produced significant alignments with gnl|Pfam|pfam 01260
AP_endonucleas1, AP endonuclease family 1; CD-length =250 residues, only 61.0 % aligned; Score=88.2 bits (217), Expect=3e-19. B:
Human APE protein produced significant alignments with gnl|Pfam|pfam01260 AP_endonucleas1, AP endonuclease family 1; CDlength=250 residues, 100.0 % aligned. Score=161 bits (407), Expect=1e-40. GCRG213-ORF contained residues such as Y171, D210,
N212, D308 and H309 (arrowed) that are important for the endonuclease activity of APE .

A

B

C

D

Figure 4 In situ hybridization analysis of GCRG213 in formalin-fixed, paraffin-embedded tissues with a digoxigenin-labeled
anti-sense probe, NBT/BCIP was used as alkaline phosphatase substrates, the expression appeared as cytoplasmic staining
(blue precipitates). (A) gastric adenocarcinoma invading into the muscle layer showed grade 2+ ~ 3+ staining, (B) gastric IM
epithelium showed grade 2+ ~ 3+ staining, (C) normal gastric glands showed grade ± ~ + staining, (D) negative control. Magnification was 10×10.
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N1

T1

N2

T2

N3

T3

GCRG213

β-actin

Figure 3 Northern blot analysis of GCRG213 in human gastric
tissues. GCRG213 showed higher expression in tumor tissues
than in non-tumorous ones. The expression of β-actin served
as an internal control. N: non-tumorous tissue; T: tumor; 1-3:
patient number.

In situ hybridization
GCRG213 expression was analyzed at the mRNA level using
in situ hybridization. The hybridization signal appeared as a
blue color in cytoplasm.
Both the early and advanced gastric cancer tissues were
stained grade 2+ ~ 3+. Eight of the 17 cases of advanced
adenocarcinoma showed an invasion of cancer into the muscle
layer, with all eight cases showing grade 3+ staining in the
invading tumor cells (Figure 4A). Dysplasia tissues at the paratumor region were found in 22 patients. 15/22 dysplasia tissues
showed grade 2+ ~ 3+ staining of GCRG213 expression while
the rest showed grade 1+ staining. Nineteen patients had
intestinal metaplasia (IM) epithelia at the para-tumor tissue.
9/19 IM showed grade 2+ ~ 3+ staining, the rest showed nonstaining to grade 1+ staining (Figure 4B). All normal gastric
glands showed grade ± ~ + staining (Figure 4C).
DISCUSSION
In the present study, we used differential display to study the
gene expression profile of human gastric cancer. One cDNA
fragment, named by us as gastric cancer related gene 213
(GCRG213), was up-regulated in the gastric adenocarcinoma
tissues of all 7 tested patients. Northern blot analysis confirmed
the differential expression of GCRG213. As for the consistent
up-regulation in gastric cancer tissues, further studies are
necessary to confirm the role of GCRG213 and its expression
pattern in tumors.
The nucleotide sequence of GCRG213 shared 88 %
homology with human retrotransposable LINE1 element LRE2.
LINE-1 elements are very ancient, they constitute 20 % or more
of some mammalian genomes and presumably play a role in
the evolution, structure, and function of mammalian genomes.
LINE-1 elements contain regulatory signals and encode two
proteins: one is an RNA-binding protein and the other is an
APE-like enzyme which has both endonuclease and reverse
transcriptase activities[38,39]. BLASTP analysis in this study
showed that the deduced amino acid sequence of GCRG213ORF shared 84 % homology with the N terminal of LINE-1
ORF2 where the repair nuclease domain of APE exists.
We proposed that GCRG213-ORF be a new APE-like
protein based on the following facts. First, APE conserved
domain could be detected in GCRG213-ORF and the latter
shared homology with the C terminal of human APE protein
which is of particular relevance to the endonuclease function
of APE. Furthermore, GCRG213-ORF also contains residues
proposed to be important to the endonuclease activity of APE
(Y171, D210, N212, D308 and H309)[40-42].
AP endonucleases have been divided into two families
based on their amino acid sequence identity to either
exonuclease III or Endo IV. Typically, the exonuclease III
family of endonucleases accounts for approximately 95 % of
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the repair activity in the organism. In mammals, the
predominant AP endonuclease is APE (also called HAP1 or
APEX), an enzyme that belongs to the ExoIII family[42]. Human
APE plays an important role in the base excision repair
machinery of eukaryotic cells[40]. The DNA repair activity of
APE resides in the C-terminal region[41].
Many mechanisms such as hydrolysis of purine or
pyrimidine, ionizing radiation, UV irradiation, and Nglycosylases may act on endogenous apurinic/apyrimidinic
sites to modify DNA bases [40-43]. Unrepaired apurinic/
apyrimidinic sites result in mutations during DNA replication.
Apart from its DNA repair function, APE exhibits as Redoxfactor-1 which is important for the activation of transcription
factors, such as activator protein 1, p53 and nuclear factor kappa
B. APE also regulates the transactivation and pro-apoptotic
functions of p53 [41]. Therefore, a role of APE in human
tumorigenesis has been suggested.
APE protein is expressed in a wide range of human cells.
Through immunohistochemistry detection, APE can be mainly
localized in nucleus or cytoplasm or both[44] depending on the
cell type. Elevated expression of APE has been reported in a
number of tumors such as prostate, ovarian, cervical, colorectal
and germ cell tumors, malignant gliomas, whereas the cellular
localization (nuclear/cytoplasmic ratio) differs in some
neoplasia (colorectal carcinomas, epithelial ovarian cancers,
primary breast carcinomas and thyroid carcinomas)[45-54]. In
breast cancer, APE protein expression correlates with lymph
node status and angiogenesis[51] while in head-and-neck cancer,
nuclear expression of APE is associated with its resistance to
chemoradiotherapy and poor outcome [55]. In this study,
GCRG213 overexpressed in gastric intestinal metaplasia and
dysplasia of the stomach as well as early and advanced gastric
adenocarcinoma. The patterns of GCRG213 expression in
cancerous tissue of the early gastric cancer did not differ
significantly from those in the advanced gastric carcinoma.
Thus, the GCRG213 expression appears “early” in the stage
of gastric adenocarcinoma. This expression pattern is consistent
with that of APE in cervical, prostate, colorectal cancer and
their premalignant leisions[45-47] reported.
There are two immediate implications of these findings of
elevated GCRG213 expression in cancers. First, if the
expression of GCRG213 could be modulated downward to, or
below normal levels in the cancer cells, there may be an effect
on the progression of the cancer or, the cells may become more
sensitive to chemotherapeutic treatment. The latter presumes
that the increase in AP endonuclease activity result in increased
DNA repair activity, protecting more cancer cells against base
damage than normal cells.
In conclusion, a gene, GCRG213, overexpressed in tumors
was identified in this study. Because of the similarity of the
expression pattern in tumors between APE and GCRG213, as
well as the 61 % alignment between the amino acid sequences
of GCRG213-ORF and APE conserved domain, it is likely
that GCRG213-ORF is a new member of the APE family. A
greater understanding of alterations in the function of
GCRG213 in human cancers may explore its epidemiological
and therapeutic significance.
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correlates significantly with invasiveness including vascular
permeation, grade of cellular differentiation, incomplete
capsule and multinodular lesions. Hepatocellular carcinomas
with p53 mutations had more tumor recurrence and p53
mutation may also influence disease recurrence interval and
survival time. Hepatocellular carcinomas with p53 mutations
recur more extensively with a shorter survival. Therefore,
p53 mutation in the primary lesion is useful as an indicator
of the biological behavior of recurrent hepatocellular
carcinomas.

Abstract

http://www.wjgnet.com/1007-9327/9/1202.asp

AIM: To evaluate mutant p53 gene in primary hepatocellular
carcinoma and to investigate the correlation between it and
the recurrence of hepatocellular carcinoma.
METHODS: Mutations of p53 gene were examined using antihuman p53 monoclonal antibody and immunohistochemical
staining in 79 resected hepatocellular carcinomas. The
correlations among variables of p53 positivity and
invasiveness, disease free interval and survival were studied.
In addition, in those who developed recurrence, the
correlation among p53 positivity, clinical features and postrecurrence survival were also studied.
RESULTS: Of these 79 cases, 64 (81 %) had p53 mutation.
Those patients with mutant p53 positivity had significantly
more tumor recurrence (76.6 % vs 40.0 %, P=0.0107).
However, the COX proportional hazards model showed that
p53 overexpression had only weak correlations with
recurrence free interval and survival time (P=0.088 and
0.081), which was probably related to the short duration
of follow-up. The invasiveness variables may be predictors
of HCC recurrence. On univariate analysis, more patients
with mutant p53 positivity had vascular permeation [78.1
vs 40.0 %, P=0.0088, O.R. (odds ratio) =5.3], grade II-IV
differentiation (98.4 vs 80.0 %, P=0.0203, O.R. =15.7), no
complete capsule (82.8 vs 53.3 %, P=0.0346, O.R. =4.2)
and daughter nodules (60.9 vs. 33.3 %, P=0.0527, O.R.
=3.1) than patients with negative p53 staining. On
multivariate analysis, only vascular permeation and grade
of differentiation remained significant (P=0.042 and 0.012).
There was no statistically significant correlation between
the status of p53 in the primary lesion and the clinical features
of recurrent hepatocellular carcinomas examined,
including extrahepatic metastasis (P=0.1103) and the
number of recurrent tumors (P=1.000) except for disease
over more than one segment in the extent of recurrent
tumors (P=0.0043). The post-recurrence median survival was
lower in patients in whom p53 mutation had been detected
in the primary lesion with a weak significance (3.42 months
vs 11.0 months, P=0.051).
CONCLUSION: Our findings suggest that p53 mutation

Sheen IS, Jeng KS, Wu JY. Is p53 gene mutation an indicatior
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
types of malignant tumors that carry a poor prognosis. During
the last 10 years, efforts have been made worldwide toward
earlier detection and safer surgical resection of HCC. However,
despite these recent diagnostic and therapeutic advances,
postoperative recurrence is still common[1-4]. How to predict
recurrence before resection is a challenging problem for
surgeons. Certain characteristics related to HCC recurrence
have been reported widely and variably in the literatures[1-11].
Risk factors which have been mentioned include vascular
permeation, absence of capsule, presence of daughter nodules,
histological grade of tumor differentiation, tumor size,
associated cirrhosis, hepatitis B virus (HBV) infection, hepatitis
C virus (HCV) infection, daughter nodules, and adequate
section margin, etc.
The cellular wild-type p53 gene on chromosome 17p is an
established tumor suppressor gene[12-14]. It regulates the cell
cycle of DNA repair and synthesis, and also programmed cell
death. Once it is mutated, loss of normal function leads to the
evolution of neoplasm. Moreover, the speed of tumor growth
and invasion may also be enhanced. When mutated, this gene
may have transforming properties and can be stained
immunohistochemically[15-21]. Its prognostic significance in
some types of human cancer has been reported. The
relationship between hepatocellular carcinoma (HCC) and
overexpression of the mutant p53 gene have been studied in
different countries[15-32]. The results are varied. In addition,
mutation of the p53 gene was emphasized in advanced but not
in early hepatocellular carcinoma[33,34]. However, the correlation
between the clinical significance of such p53 mutations and
the clinical recurrence of HCC has rarely been clarified.
In this study, we did immunohistochemical staining to
investigate the overexpression of p53 protein in HCC in a series
of patients. The correlation of the clinical and pathological
variables of HCC, recurrence of HCC and the biological
behaviors of the mutant p53 gene were studied. The goal of
this study was to elucidate the possible role of p53 mutations
in the prediction of recurrent HCCs.
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MATERIALS AND METHODS
Patients
One hundred patients with HCC who underwent hepatectomy
at Mackay Memorial Hospital, between January 1993 and
December 1997 whose tissue specimens (formalin fixed,
paraffin wax embedded) were histopathologically found to
have no degeneration or necrosis were selected for this study.
Clinical details were available from medical records of all
patients. Seventy-nine patients entered this study and twentyone cases were excluded for the following reasons: (1)
immediate operative mortality, (2) failure to obtain p53 results
due to severe, extensive tumor necrosis, some of which
probably resulted from preoperative transcatheter hepatic
arterial chemoembolization (TACE), (3) incomplete followup, and (4) causes of death not related to liver disease. The
mean age of patients was 52.4±16.6 years (range 16-82) with
a male to female ratio of 2:1 (52:27). All received curative
resections. The surgical operations included major resections
(15 partial lobectomies, 31 lobectomies and 9 extended
lobectomies) and minor resections (19 segmentectomies, 3
subsegmentectomies and 2 wedge resections). After resection,
all patients were followed up at our out-patient-clinic receiving
regular clinical assessment, periodic abdominal ultrasonography
(every 2 to 3 months during the first 5 years, then every 4 to 6
months thereafter) to detect tumor recurrence, serum alphafetoprotein (AFP) and liver biochemistry (every 2 months during
the first 2 years, then every 4 months during the following 3
years, and every 6 months thereafter). Abdominal computed
tomography was also done (every 6 months during the first year,
then every year).
Methods
Five-micron-thick formalin-fixed and paraffin embedded
sections were cut, deparaffinized and rehydrated with graded
alcohol and xylene. Endogenous peroxidase was blocked using
3 % H2O2 for 5 minutes, followed by a brief wash in Tris buffer,
pH 7.2. Sections were rehydrated and heated in citrate buffer,
pH6.0, in a microwave oven at 500 watts for 10 minutes to
retrieve the antigen. The tissues were stained with a monoclonal
mouse anti-human p53 antibody (DAKO-p53, clone DO-7,
Dako Corp, Carpinteria, Calif. U.S.A.) and a labeled
streptavidin-biotin staining kit (DAKO LSAB kit, alkaline
phosphatase system 40). They were incubated with the
antibody at a dilution of 1:100 (in Tris-HCl buffer) for one
hour at room temperature. The peroxidase reaction used 3,3diaminobenzidine tetrahydrochloride as chromogen and the
slides were counterstained with hematoxylin. Two
independent, blinded observers evaluated all tissue sections.
Only nuclear staining was regarded as positive. Cases were
scored as negative when no cell was stained even at a
concentration as high as 1:10 in a triplicate study. A known
colon adenocarcinoma with diffuse p53 nuclear accumulation
was stained in parallel as the positive control. For negative
controls, we used buffer instead of the specific primary antibody.
We used light microscopy to search for the highest
concentration of reactive staining nuclei in each p53 staining
section and counted 1 000 cells from the most aggressive area
of the tumor to represent the tumor’s behavior and reduce count
variability. Specific staining was identified by the presence of
a red reaction product in the nuclei and was graded as negative
(0), slight (+), moderate (++), or strong (+++) immunostaining,
with the distribution as diffuse or focal. The percentage of
nuclei immunostained was estimated and was scored without
knowledge of the grade of tumor differentiation.
The differences of p53 overexpression in diverse
clinicopathologic parameters were evaluated. Parameters
included the presence of associated liver cirrhosis (confirmed
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from the operative findings and also from the pathological
examination of the specimen), HBV surface antigen (HBsAg),
hepatitis C virus (HCV) infection (antibody to HCV, antiHCV), Child-Pugh classification of liver reserve, serum alpha
fetoprotein (AFP) titer, tumor size (<3 cm, 3-10 cm, >10 cm),
cell differentiation grade (Edmondson and Steiner grade I vs
II-IV), encapsulation (complete, infiltration by HCC or absent),
vascular permeation (including vascular invasion and/or tumor
thrombi within the portal vein or hepatic vein), and presence
of daughter nodules (Table 1). The time lapse between the
postoperation till the detection of recurrence is defined as the
recurrence free interval. During the follow-up (median 3 years,
range 2 to 5 years), 55 patients had tumor recurrence (48
intrahepatic, and 7 both intrahepatic and extrahepatic) and 43
patients died. We also correlated the p53 overexpression with
the outcomes. In these 55 patients with recurrence, the
correlation between p53 mutation of the primary lesion
(presence or absence) and recurrence was studied. The
following prognostic factors after recurrence were also
analyzed: extrahepatic metastasis (presence or absence), the
number (solitary or multiple) and the extent of recurrent tumors
(affecting more than or less than one segment), treatment for
recurrent tumor (surgical or nonsurgical treatment), and
survival time after recurrence.
Table 1 Characteristics of 79 patients with HCC
Characteristics

n (%)

Age (years, mean±S.D.)

52.4±16.6

Male

52 (65.8)

Liver cirrhosis
Child class A:B
Tumor size small (<3 cm):

57 (72.2)
55:24 (70:30)
24:25:30 (30.4:31.6:38.0)

median (3-10 cm): large (>10 cm)
HBsAg (+)

60 (75.9)

Anti-HCV (+)

41 (51.9)

AFP: normal: >1000ng/ml

30:20(38.0:25.3)

Edmondson grade: I:II:III:IV

4:30:42:3(5.1:38.0:53.2:3.8)

Capsule: absent: incomplete: complete

54:7:18(68.4:8.9:22.8)

Vascular permeation

56 (70.9)

Daughter nodules

44 (55.7)

Resection, major: minor

55:24 (69.6:30.4)

Notes: HCC: hepatocellular carcinoma; HBsAg: hepatitis B
surface antigen; Anti-HCV: antibody to hepatitis C virus; AFP:
alpha-fetoprotein; Edmondson grade: Edmondson-Steiner
grade of cellular differentiation.

Statistical analysis
The data were tested with statistical programs (BMDP),
Student’s t-test or Mann-Whitney test for continuous variables,
chi-square test or Fisher’s exact test for categorical variables,
and logistic regression and COX proportional hazards model
for multivariate analysis. P value<0.05 was defined as
statistically and significantly different.
RESULTS
Among the 79 patients, 64 (81 %) patients had a p53-positive
result. Among the 64 patients with immunopositivity, 29
patients (45 %) had moderate (++) immunostaining and 3
patients (4.7 %) had strong (++++) immunostaining. The
correlations between a positive oncoprotein p53 and patient
characteristics are shown in Table 2. Age, gender, positivity
of HBsAg or Anti-HCV, levels of AFP, liver cirrhosis, ChildPugh class A or B, and size of the HCC showed no statistically
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significant difference between p53 positive and negative
groups. From univariate analysis, a significant correlation was
found between p53 over-expression and vascular permeation
(78.1 vs 40.0 %, P=0.0088, odds ratio (O.R.)=5.357), grade of
differentiation (Edmondson-Steiner grade I vs. II to IV, 98.4
vs 80.0 %, P=0.0203, O.R.=15.750), complete capsule vs
infiltration or absent capsule (82.8 vs 53.3 %, P=0.0346, O.R.
=4.200), and presence of daughter nodules (60.9 vs 33.3 %,
P=0.0527, O.R.=3.120) (Table 2). From multivariate analysis,
only vascular permeation and grade of differentiation remained
significant (P= 0.042 and 0.012, respectively).
Table 2 Comparison of characteristics between p53 positive
and negative groups
Characteristics

P53 Positive
(n=64)

P53 Negative
(n=15)

P (UV)

52.8
65.6 %
76.6 %
68.8 %
34.4 %
35.9 %
78.1 %
53.1 %
37.5 %
21.9 %
1.6 %
17.2 %
60.9 %
78.1 %

48.3
66.7 %
53.3 %
73.3 %
13.3 %
40.0 %
66.7 %
46.6 %
40.0 %
40.0 %
20.0 %
46.7 %
33.3 %
40.0 %

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
0.0203
0.0346
0.0527
0.0088

Age (years)
Male
Liver cirrhosis
Child class A
Tumor <3 cm
>10 cm
HBsAg (+)
Anti-HCV (+)
AFP <20 ng/mL
>1 000 ng/mL
Edmondson grade Ia
Capsule complete
Daughter nodules
Vascular permeationb

Notes: P (UV): The P value by univariate analysis; In multivariate analysis, the significant variables of a and b: P values
were 0.0120 and 0.0420 respectively; HBsAg: hepatitis B surface antigen; Anti-HCV: antibody to hepatitis C virus; AFP:
alpha-fetoprotein; Edmondson grade: Edmondson-Steiner
grade of cellular differentiation; n.s.: no statistical significance;
O.R.: odds ratio.

Table 3 shows that patients with p53 positivity had more
tumor recurrence (76.6 % vs 40.0 %, P=0.0107) and more death
(59.4 % vs 33.3 %, P=0.0683). After analysis with the COX
proportional hazards model, p53 overexpression had only a weak
correlation with recurrence free interval and survival time
(P=0.088 and 0.081). Factors influencing HCC recurrence and
time lapse to recurrence were vascular permeation (P=0.0002,
O.R.=5.36), complete capsule (P=0.0160, O.R. =3.10), and p53
positivity (P=0.088, O.R.=2.29) (Table 4). The significant
variables affecting death resulting from recurrence included
vascular permeation (P <0.0001, O.R.=8.35) and p53 positivity
(P=0.081, O.R.=2.38).
Table 3 Correlation of p53 with the outcome of patients with
HCC
Outcome

Morbidity of surgery (%)
Recurrence (%) (number)
Deatha (%)
Recurrence free interval
(median, months)
Duration of survival
(median, months)

p53 positive
(n=64)

p53 negative
(n=15)

P value

6.3
76.6 (49)
59.4
8.3

6.7
40.0 (6)
33.3
39.1

n.s.
0.0107
0.0683
0.0880

11.8

41.9

0.0810

Notes: n.s.: no statistical significance; Deatha: patients died of
recurrence.
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Table 4 Factors influencing tumor recurrence and death of
patients in multivariate analysis
Variables
Recurrence
Vascular permeation
Complete capsule
p53 positivity
Death
Vascular permeation
p53 positivity

P

O.R.

0.0002
0.0160
0.0880

5.36
3.10
2.29

<0.0001
0.0810

8.35
2.38

Note: O.R: odds ratio.

In 55 patients with recurrent HCCs, there was no statistically
significant correlation between the status of mutant p53
positivity in the primary lesion and the treatment for recurrent
tumors, and the clinical features of recurrent HCCs examined,
i.e. the existence of extrahepatic metastasis (P=0.113), and
the number of recurrent tumors (P=1.000), except for the extent
of recurrent tumors over one hepatic segment (P=0.0043). The
median survival after recurrence was shorter (3.42 months vs
11 months) in those with p53 mutation with a weak significance
(P=0.051) (Table 5).
Table 5 Correlation between the clinical features of recurrent
hepatocellular carcinoma and the presence of a p53 mutation
in the primary lesion
The clinical features

Extrahepatic metastasis (number) (%)

P53 Positive P53 Negative
(n=49)
(n=6)

P

24 (49.0)

3 (50.0)

0.1130

Multiple-recurrent tumors (number) (%) 34 (69.4)

4 (66.7)

1.0000

Extent of recurrent tumors:

5 (83.3)

0.0043

11.0

0.0510

34 (69.4)

More than one segment (number) (%)
Median survival after recurrence (Months) 3.4
Treatment for recurrent tumors
Surgery (number) (%)

0

1a (16.7)

Non-surgicalb(number) (%)

20 (40.8)

3 (50.0)

No treatment (number) (%)

29 (59.2)

2 (33.3)

n.s.

Notes: n.s.: no statistical significant; a: A 55 year old man had a
resection of segment II and III; b: The Non-surgical treatments
included transcatheter arterial chemoembolization and percutaneous ethanol injection.

DISCUSSION
P53 gene mutation has been identified in over half of human
tumors, including HCC, and is the most common genetic
abnormality in human cancers[13, 17, 20, 25, 34-42]. Its inactivation
by mutation is thought to be a fundamentally important step in
carcinogenesis. In addition, the correlation among p53 gene
alteration and diagnosis, assessment of tumor progression,
recurrence, or cancer prognosis has been investigated and
reported[24,28,33]. Recently, Nagao et al[43] and Saegusa et al[44]
found p53 overexpression to be strongly associated with
proliferation activity of HCC cells by immunohistochemical
studies. Lowe et al. demonstrated that a few point mutations
on p53 which thus inactivated the gene produced treatmentresistant tumors[45, 46]. They suggested p53 status was an important
determinant of tumor response to therapy. This indicates that
recurrent HCCs with p53 mutation therefore either have a high
proliferation rate or are resistant to treatment. Our results
supported theirs from a clinical point of view, and also
suggested that the high malignant potential was caused by the
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p53 mutation. The positive rate of the mutant p53 gene in our
HCC patients was 81 %. A wide range in the incidence of p53
mutations from 0 to over 70 % has been reported, with a lower
frequency than in other types of cancer, except for special
populations in China and Africa. Factors related to the wide
variation in positivity may include different thresholds of
positivity adopted, different anti-p53 antibodies used,
geographical variations and differences in the molecular
mechanisms of hepatocarcinogenesis, such as aflatoxin
exposure. Some authors have raised a question of whether p53
protein over-expression can represent p53 gene mutation in
neoplasms[47]. Hall mentioned a very close correlation between
p53 expression and mutations of the p53 gene and found that
most antibodies gave the same results[48]. The high recurrence
rate after resection is one of the main factors in the poor
outcome for HCC patients[1-6, 10, 11]. Tumor recurrence limits
the long-term survival. However, tumor recurrence is well
correlated with tumor invasiveness. Tumor invasiveness may
be determined from vascular permeation, the grade of cell
differentiation, infiltration or absence of capsule and presence
of daughter lesion. According to our study, they are also all
compatible with oncoprotein p53 positivity. In our study, p53
protein over-expression correlated well with tumor recurrence
(P=0.0107). To analyze the factors relating to HCC recurrence
and death, vascular invasion, complete capsule, and p53
positivity correlated well with recurrence and only vascular
permeation and p53 positivity correlated with death. A weak
association with both recurrence free interval and duration of
survival with mutation of the p53 gene was found. The weak
correlation may be attributed to the short duration of followup (2 to 5 years, median 3 years) in this study.
Vascular permeation indicating tumor invasiveness,
consists of either tumor invasion of the hepatic vein, portal
vein and/or hepatic artery, or tumor thrombi within the vessels.
It may be detected preoperatively by ultrasonography,
arteriography or portography, intraoperative ultrasonography
or direct observation, or postoperative pathological
examination of surgical specimens. Vascular permeation is the
most consistent significant prognostic factor of postoperative
tumor recurrence[10]. In our univariate analysis, the positive
p53 status was significantly related to vascular permeation and
in the COX model, patients with vascular permeation had
significantly shorter recurrence free intervals and survival
periods.
Whether the grade of differentiation of HCC is a determinant
of recurrence after resection has been debated for a long time.
The association of grade of anaplasia (Edmondson-Steiner’s
classification) with p53 positivity also varied in reports[28,49,50].
In our series, less overexpression of p53 and less recurrence
were found in patients with well differentiated tumors
(Edmondson-Steiner’s grade I) than in those with grade II to
IV tumors. The histological differentiation of the HCCs in this
study correlated with p53 mutations, and the incidence of p53
mutations increased with increased dedifferentiation. Our
findings were consistent with previous reports showing p53
mutation to be associated with the progression of HCC as a
late event in hepatocarcinogenesis[33, 34].
The exact mechanism of capsular formation is not known.
A tumor capsule may act as a barricade preventing the spread
of cancer cells and has a positive role in the prognosis of HCC.
The invaded capsule was regarded as incomplete in our series.
We found the overexpression rate of p53 was similar in patients
with no capsule and incomplete capsule (87.1 % vs 85.7 %),
but was significantly lower in those with a complete capsule
(17.2 %, P=0.0346) (Table 2). Other authors had different
findings[23,24,49,50]. Multifocal HCCs are also a controversial
issue. Some consider them an early metastasis via the portal
vein, but some consider them multicentric. The former is a
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poor prognostic factor but the latter might not be[51]. Without
the aid of molecular biology, it is difficult to differentiate
daughter nodules, intrahepatic metastatic nodules and
multicentric HCC. In the present study, we selected daughter
nodules as intrahepatic metastasis according to the criteria of
the Liver Cancer Study Group of Japan in order to assess the
clinical outcome after recurrence. As for the evaluation of
prognosis after recurrence, Ikeda et al.[1] reported that the most
significant factor affecting the survival time of patients with
intrahepatic recurrence was the number of tumor nodules at
the time of recurrence. Those with daughter nodules showed a
higher mutant p53 positive rate than the group with solitary
HCC (P=0.0527). This might suggest that most daughter
nodules favor intrahepatic metastasis.
Tumor size has been emphasized as one of the significant
prognostic factors[2-5] because vascular invasion and daughter
lesions may increasingly develop as the tumor grows. In our
study, no significant correlation between p53 positivity and
tumor size was found. In addition, tumor size also had no
significant correlation with histological grade, vascular
invasion, recurrence free interval or survival in our patients.
From our experience, some large HCCs may be the result of
expansive growth and may have slow intraportal or distant
spread.
The implications of our results, nevertheless, are that the
immunohistochemical detection of p53 is a valuable tool for
prediction of recurrence in patients after resection or for
identifying subgroups of patients who may be at higher risk.
There is some discrepancy between our results and the
findings of previous studies on the role of p53 expression in
determining the prognosis of patients with HCC. These
discrepancies, however, might reflect important variables of
selection, such as number of patients, histological type of
tumors, tumor stage, period of follow-up, and type of antibody
used. All the patients entering our study had received curative
resections.
Prognosis after recurrence in relation to p53 mutations in
the primary lesion is rarely reported in the literatures. Our
findings suggest that HCCs with p53 mutations have a higher
malignant potential. Matsuda et al. [52] found that the
postrecurrence survival of patients with repeat surgery was
better than that of patients who were treated conservatively.
However, from our study, the type of treatment for recurrent
HCCs did not affect the postrecurrent survival because the
choice of treatment was closely related to the number and extent
of recurrent tumors and the liver function of the remnant. The
majority of our patients had diffused multiple recurrent nodules
over the liver remnant. Repeat surgery was undertaken on only
one patient. In our study, the postrecurrent survival was weakly
lower (P=0.051) in patients with p53 mutations in their primary
lesion than in those without them.
We thus consider the status of p53 mutations in the primary
lesion to be useful as a predictor affecting both the recurrence
after resection and the prognosis after recurrence, even before
the pathologic findings of recurrent HCCs are known.
Therefore, it is important in the follow-up of patients after
resection of HCCs. In conclusion, patients with p53 mutations
have a worse prognosis than patients without such mutations,
including survival after recurrence. Therefore, p53 mutation
in the primary lesion is considered useful as an indicator of
the biological behavior of recurrent HCCs.
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Abstract
AIM: To investigate the relationship between transcatheter
arterial embolization (TAE) and pulmonary metastasis in
subjects with hepatocellular carcinoma (HCC).
METHODS: A total of 287 patients with HCC followed up
for more than 1 week were included. 102 patients underwent
transcatheter arterial embolization (TAE group) and 185
received conservative treatment (control group). The
patients’ chest x-rays and chest CT scans were examined
for pulmonary metastasis.
RESULTS: Patients with TAE had a median survival of 19.3
months while that of the control group was only 10.0 months
(P<0.05). Pulmonary metastasis occurred in 14 (13.7 %)
patients in the TAE group and 14 (7.6 %) patients in the
control group, there was no significant difference (P>0.05).
The 1-year, 2-year and 5-year cumulative incidence of
pulmonary metastasis was 11.8 %, 17.6 % and 24.0 % in
the TAE group and 7.0 %, 13.0 % and 21.7 % in the control
group, respectively (P>0.05). On the univariate analysis,
tumor size, abnormal serum alanine aminotransferase levels
and heterogeneity on sonography were significantly
associated with pulmonary metastasis. However, on the
multivariate analysis, only tumor size was significantly
predictive of pulmonary metastasis.
CONCLUSION: TAE is effective on prolonging survival of
patients with HCC. It does not significantly increase the risk
of pulmonary metastasis. Tumor size is the only significant
predictive factor associated with lung metastasis.
Lin SC, Shih SC, Kao CR, Chou SY. Transcatheter arterial
embolization treatment in patients with hepatocellular carcinoma
and risk of pulmonary metastasis. World J Gastroenterol 2003;
9(6): 1208-1211
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common cancer
in Taiwan and certain other parts of the world where hepatitis
B virus infection is hyperendemic[1]. HCC has a dismal overall
prognosis, with 94 % of affected individuals dying of the
disease[2]. Treatment leading to long-term survival generally
includes resection or ablative therapy for small or localized

hepatic tumors[3-6]. Unfortunately, patients with HCC are
usually diagnosed at a late stage when few can be treated with
surgical resection. Factors indicating unresectability are (1)
large or multicentric liver tumors, (2) the presence of metastatic
disease, and (3) insufficient functional hepatic reserve[3].
Therapies other than surgical resection include systemic or
infusional chemotherapy, hepatic artery ligation or
embolization, and radiolabeled antibodies[7]. Transcatheter
arterial embolization (TAE) has been performed for the
treatment of unresectable HCC[8,9] and has been shown to be
able to prolong survival[7, 10-11]. One study found survival of
post-TAE to be comparable to that of post-hepatectomy[12].
However, it has been suggested that TAE-induced necrosis
might result in hematogenous dissemination from the primary
tumor[13]. The lung is the most common site of extrahepatic
metastasis in HCC [14]. A higher incidence of pulmonary
metastasis following TAE in patients with HCC has been
reported. However, the subjects who developed lung metastasis
in that series were followed for a longer period than those
without metastasis[15]. We designed this case control study to
evaluate the risk of pulmonary metastasis in patients with HCC
following TAE, taking into account duration of follow up.

MATERIALS AND METHODS
Patients
Patients with HCC diagnosed from January 1996 to December
1999 at our hospital were included in this study. Diagnosis of
HCC was based on high serum alpha-fetoprotein (AFP) values,
ultrasonography, computed tomography (CT), and
angiographic findings with or without needle biopsy or
aspiration cytological examination. Patients who had
pulmonary metastasis before or within 1 week after admission
or who died within 1 week after admission were excluded, as
were those eligible for surgical resection or percutaneous
ethanol injection. There were 102 patients receiving TAE
treatment during the study period. We selected another 185
patients with HCC who had refused either TAE or
chemotherapy as a control group.
Methods
TAE was performed with lipiodol mixed with gelatin particles
at an interval of 12 to 16 weeks. All patients were followed
until death or December 31, 2000. Chest x-rays were taken at
each admission or every 3 months in the outpatient clinic.
Multiple nodules in the lung fields on chest x-ray and chest
CT scans were diagnosed as pulmonary metastasis. Liver
ultrasonography was performed every 3 months. Tumor size
and sonographic patterns were recorded. Tumors with both
hyper-echoic and hypo-echoic patterns were classified as
heterogeneous. The presence of portal vein thrombosis was
evaluated with a combination of ultrasonography, angiography
and CT. Tumor stage was assessed according to the staging
system described by Okuda et al[8].
Statistical analysis
Statistical analysis was performed using the χ2 test to compare
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RESULTS
Demographic and clinical characteristics, liver function tests,
and tumor characteristics did not differ significantly between
the TAE and control groups (Table 1). Patients who had
received TAE had a median survival time of 19.3 months
compared with only 10.0 months for controls. The 6 month,
one-year and two-year survival rate was 83 %, 59.1 % and
47.5 % respectively, in the TAE group, and 66.8 %, 43.7 %
and 25.7 %, respectively, in the control group (P<0.001, Figure
1). Pulmonary metastasis developed in 14 (13.7 %) patients in
the TAE group and 14 (7.6 %) patients in the control group
(P>0.05). There was no significant difference in the cumulative
incidence of pulmonary metastasis between these two groups.
The 1-year, 2-year, 3-year, and 5-year cumulative incidence
of pulmonary metastasis was 11.8 %, 17.6 %, 17.6 % and 24 %
in the TAE group, 7 %, 13 %, 21.7 % and 21.7 % in the control
group, respectively (P>0.05, Figure 2).
Table 1 Clinical characteristics of patients with hepatocellular
carcinoma
Parameters

TAE group
(n=102)

Control group
(n=185)

P

Male (%)

75 (74.3%)

148 (80%)

NS

Age (years)*

56.7±10.5

56.8±13.7

NS

Albumin (g/dl)*

3.51±0.57

3.40±0.61

NS

Bilirubin (mg/dl)*

2.02±7.17

1.30±1.25

NS

ALT (IU/ml)*

68.4±63.6

63.0±57.1

NS

Prolonged Prothrombin time* 1.38±1.25

1.48±1.11

NS

Encephalopathy (%)

6 (5.9%)

14 (7.6%)

NS

Cirrhosis (%)

76 (74.5%)

121 (65.4%)

NS

Ascites (%)

14 (13.7%)

32 (17.3%)

NS

Multicentric tumors (%)

19 (18.6%)

39 (21.1%)

NS

Heterogeneous echopattern (%) 34 (33.4%)

72 (39.1%)

NS

Encapsulated tumors (%)

49 (48.0%)

76 41.1%)

NS

PV thrombosis (%)

23 (22.5%)

58 (31.4%)

NS

Large tumor size (%)

56 (54.9%)

103 (55.7%)

NS

Data expressed as means ± standard deviation, comparison
with unpaired Student’s t test. NS=not significant.

Cumulative survival rate

1.0
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Figure 1 Survival curves of patients with HCC treated with
TAE and untreated controls.
0.30

TAE

0.25
Cumulative hazard

differences between groups. Results were given as the mean ±
standard deviation. Comparisons between group means were
performed using Student’s t test. Survival time was calculated
from the time of cancer diagnosis until death or December 31,
2000. The time from the date of the diagnosis of cancer to the
date of pulmonary metastasis or December 31, 2000 was
calculated for analysis of cumulative incidence of pulmonary
metastasis. The cumulative probability of survival and the
cumulative incidence of pulmonary metastasis were calculated
using the Kaplan-Meier method, and the difference between
groups was compared using the log-rank test[16]. Univariate
and multivariate analyses using Cox proportional hazard
models were performed to evaluate clinical parameters
associated with pulmonary metastasis and calculate odds ratios
(OR). The parameters included in the analysis were age, sex,
serum albumin levels, bilirubin levels, AST and ALT values,
AFP value, presence of cirrhosis, presence of ascites, presence
of encephalopathy, Child scores, tumor size, sonographic
pattern, uni- or multifocal tumor, presence of tumor halo,
presence of portal vein thrombosis, stage of the disease, and
TAE therapy. Significant parameters in the univariate analyses
were analyzed with multivariate analysis. The level of
significance was set at P<0.05.
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Control

0.15
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0.05
0.00
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Figure 2 Cumulative incidence of pulmonary metastasis in
patients with HCC treated with TAE or untreated controls.

On the univariate analysis using the Cox proportional hazard
model, tumor size (OR 2.34), abnormal serum ALT levels (OR
1.94) and heterogeneous sonographic pattern (OR 2.08) were
significantly associated with the risk of pulmonary metastasis.
However, on multivariate analysis only tumor size was
significantly predictive of pulmonary metastasis (OR 2.24,
95 % CI 1.37 to 6.45).

DISCUSSION
It is believed that manipulation of tumor with TAE will increase
the risk of hematogenous metastasis due to an increase in
activity of serum type IV collagen-degrading enzyme[17], or a
decrease in activity of the tumor invasion-inhibiting factor[18].
The disruption of tissue architecture resulting from ischemic
necrosis after the TAE treatment may facilitate the
dissemination of neoplastic cells [19]. The incidence of
extrahepatic recurrence of HCC is increased in patients who
receive preoperative TAE treatment compared to those who
undergo surgery alone[20]. However, in our study, the incidence
of pulmonary metastasis after the TAE therapy was not
significantly increased. TAE patients also experienced longer
survival and were followed longer than untreated controls
(Figure 1). The 1-year, 2-year, 3-year and 5-year cumulative
incidence of lung metastasis did not differ between the two
groups.
The overall incidence of pulmonary metastasis in our series
was 7.2 %, lower than that from an autopsy series of HCC
reported in Japan[21]. There may be several reasons for this
discrepancy. We excluded patients with obvious pulmonary
metastasis within 1 month after the diagnosis of cancer,
although we could not exclude the presence of micrometastasis. Our diagnosis of metastatic disease was based on
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multi-nodular lesions on the chest x-ray and confirmed by chest
CT. Most of our patients with metastasis had lesions larger than
3 mm on the chest film. Peters reported that pulmonary metastasis
larger than 1 cm in size was rare and that, in 55 % of cases, lung
metastasis was only recognizable microscopically[22]. We would
expect the actual incidence of pulmonary metastasis in our
series to be more than 10 %, but this could not be documented,
in part because autopsy is not well accepted in Taiwan.
However, as both TAE and control groups initially included
patients without clinically detectable metastasis, we believe
that our results are still valid, as the subjects were similar at
baseline.
It has been reported in an autopsy study that the HCC tumor
size and invasion of the portal vein were associated with
pulmonary metastasis[21]. In another study of patients with long
survival, the same association was found, with the coexistence
of pulmonary metastasis, a large tumor size and portal vein
invasion being the final event leading to death[23]. In our series,
on univariate analysis only large tumor size, a heterogeneous
echo pattern, or abnormal alanine aminotransferase levels were
associated with an increased incidence of pulmonary
metastasis.
When HCC is small, the sonographic pattern is
homogeneous and hypo-echoic. Most small hepatomas
progress from hypoechoic to heterogeneous hyperechoic
patterns when they grow larger [24] . In general, small
hepatomas without necrosis are hypoechoic; medium-sized
tumors have a hypoechoic periphery and a hyperechoic
center. The hypoechoic periphery corresponds to viable tumor
and the hyperechoic core corresponds to central coagulation
necrosis. Large tumors with extensive necrosis have an
irregular mixed-echo pattern [25]. A significant correlation
between the incidence of metastasis and extent of necrosis in
the primary tumor has been reported[26]. The heterogeneous
sonographic pattern of the tumor therefore implies later stage
disease with more potential of extrahepatic metastasis. The
serum alanine aminotransferase level correlates with
hepatocellular damage. Tumor necrosis releases alanine
aminotransferase enzymes into the blood flow. These
observations likely explain our finding of an association on
the univariate analysis between these factors and pulmonary
metastasis. The fact that tumor size was the only independent
predictor of metastasis on the multivariate analysis is thus
understandable, as large tumors are almost invariable
heterogeneous on sonography and associated with abnormal
alanine aminotransferase levels.
Unfortunately, about 80 % of all our patients with HCC were
not treated (data not shown). The reasons for lack of specific
treatment in the control group varied. Most of them did not
have regular serum AFP screening or sonographic
examination and some already had late-stage HCC with a
poor general condition and were thus too unwell for any
specific treatment. Some did not trust Western medicine and
tried Chinese herbal medicine instead. Only 20 % of our
patients with HCC received treatment, 21 % undergoing
surgical resection or percutaneous ethanol injection and
75 % of them being treated with TAE. More frequent
sonographic screening of patients at high risk for HCC is
important for earlier detection of smaller tumors.
In conclusion, TAE therapy is effective on prolonging
survival of some patients with HCC. In our series, TAE did
not increase the incidence of pulmonary metastasis. The larger
the tumor, the higher the risk for pulmonary metastasis.
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Abstract
AIM: To examine the survival patterns and determinants of
primary liver cancer in a geographically defined Chinese
population.
METHODS: Primary liver cancer cases (n=13 685)
diagnosed between 1981 and 2000 were identified by the
Tianjin Cancer Registry. Age-adjusted and age-specific
incidence rates were examined in both males and females.
Proportional hazards (Cox) regression was utilized to explore
the effects of time of diagnosis, sex, age, occupation,
residence, and hospital of diagnosis on survival.
RESULTS: Crude and age-adjusted incidence rates in the
study period were: 27.4/100 000 and 26.3/100 000 in males;
and 11.5/100 000 and 10.4/100 000 in females, respectively.
Cox regression analyses indicated that there was a significant
improvement in survival rates over time. Industrial workers
and older people had relatively poor survival rates. The
hospital in which the liver cancer was diagnosed was a
statistically significant predictor of survival; patients
diagnosed in city hospitals were more likely to have better
survival than those diagnosed in community/district hospitals.
CONCLUSION: Patients diagnosed in recent years appeared
to have a better outcome than those diagnosed in early
times. There were also significant survival disparities with
respect to occupation and hospital of diagnosis, which
suggest that socioeconomic status may play an important
role in determining prognosis.
Hao XS, Chen KX, Wang PP, Rohan T. Changes in survival
patterns in urban Chinese patients with liver cancer. World
J Gastroenterol 2003; 9(6): 1212-1215
http://www.wjgnet.com/1007-9327/9/1212.asp

INTRODUCTION
Liver cancer is a fairly common malignancy world wide[1-5],
especially in developing countries[6-9]. In China, primary liver
cancer is the third and fourth most common cancer in men and
women with the age-adjusted incidence rates of 28.2/100 000
and 9.8/100 000 respectively in Shanghai[10]. Population-based

survival data on cancer are indispensable in providing real,
unbiased, average outcome of cancer patients. While liver
cancer is a major cause of cancer-related mortality in China,
little is known about its survival patterns over time. The
objective of this study was two-fold: (1) to examine a specific
hypothesis regarding the survival patterns of liver cancer in
the studied urban Chinese population; (2) to examine the factors
affecting such survival patterns. The objectives were achieved
by analysing the data from the Tianjin Cancer Registry. The
Tianjin Cancer Registry Centre is one of the members of the
International Agency for Research on Cancer (IARC) of the
World Health Organization. The cancer incidence data from
Tianjin have been included in IARC official publications:
“Cancer Incidence in Five Continents” since 1981. As Tianjin
Cancer Registry is one of the few internationally accredited
cancer registries in China, the results have important
implications.

MATERIALS AND METHODS
Data
Tianjin, the third largest city in China, has a population about
10 million, of which about 98 % belongs to the Han ethnic
group. The Tianjin Cancer Registry was established in 1978
and became operational in 1981[11-13]. While the registry covers
the whole city, data from six urban districts, which include
approximately 4-million people, have been computerized and
evaluated here. A city by-law requires that all physicians are
responsible for filling out a report form for each new diagnosis
of cancer. Practically, the task of cancer reporting is delegated
to the medical record unit at each hospital. Thus, cancer cases
are normally reported when patients are discharged from or die
in the hospital. Information collected on the cancer reporting
card includes name, sex, current age or date of birth, address,
reporting hospital or medical institute, date (month and year) of
diagnosis, four digit ICD-9 codes, and occupation. The Centre
for Disease Control in Tianjin performs an annual quality control
examination in at least 20 randomly selected hospitals in Tianjin
to ensure that each hospital meets the standard cancer case
reporting protocol. The evaluation results are used as part of the
overall hospital report card, which is further used for hospital
excellence ranking. A monetary incentive is offered for each
cancer case reported, which is normally paid to the medical
record unit rather than to individual physicians. Patients from
other parts of China or those without permanent residence in
Tianjin are not reflected in the current registry data.
All death certificates, which are the second source of cancer
registration, are registered both at the district public health
unit (DPHU) and the local police station. The DPHU routinely
reviews all death certificates and identifies deaths, which are
directly or indirectly caused by cancers. All cancer cases
identified through death certificates are checked against the
existing database at the Tianjin Cancer Institute for possible
double or multiple reporting. In this study, we included all
primary liver cancer patients (ICD-9 codes 155.1, 155.2).
Numbers in each age-sex specific population for the six urban
districts were obtained from the Tianjin Police Head Office,
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which enumerates the Tianjin urban population based on
people’s unique resident cards.

Analyses
Univariate and bivariate descriptive analyses were performed
prior to multivariate analyses. Proportional hazards regression
(Cox model)[14-20] was used to examine the effects of various
factors on survival time for the study population. The
proportional hazards model can be expressed as:
h (t;X) =h 0 ( t) exp( β ’X)
where h(t; X) is the hazard function of T at time t given a
regression vector X; h 0 is the unspecified baseline hazard
function. The SAS PROC PHREG procedure was used to
examine the specified survival model. The time variable (in
days) was defined as the interval between the date of diagnosis
and date of death. The covariates included in the survival
analyses were age, sex, occupation, year of diagnosis, and
residence. To best capture the impact of age on survival time,
we explored different ways to categorize it in our regression
models. As the incidence rates of liver cancer are very low in
children, in our final model, we used ages 0-19 years as one
group (baseline) and 10-year intervals thereafter to get stable
estimates for the regression coefficients. Treating age
categories as dummy variables in the model did not result in a
better goodness of fit than simply introducing age as an ordered
categorical variable with one degree of freedom.
Residence was introduced as a binary variable. As Hexi
district is generally regarded as the best neighbourhood in
Tianjin, it was used as a reference group and coded as “0”.
Other districts were coded as “1” and compared to Hexi district.
Self-reported occupations were collapsed into 4-broad mutually
exclusive categories: professionals and managers (such as
teachers, medical doctors), service industry workers (such as

salespeople), industry workers, and others. The professional
and manager group was treated as the reference category. Year
of diagnosis was treated as single year in Poisson regression
and grouped into four categories in Cox regression analysis:
1981-1985 (reference category), 1986-1990, 1991-1995, and
1996-2000. Hospital of diagnosis was dichotomized to
community/district hospitals (reference category) and city
hospitals. Community hospitals normally provide walk-in
service in their districts but do not provide surgical operations.
District hospitals provide in-patient service and day-surgery
operations in their districts. City general hospitals and speciality
hospitals, which normally have advanced technology and
research programs, provide a wide range of service to all
Tianjin residents referred by community or district hospitals
and sometimes patients from other parts of China.

RESULTS
In total, 13 685 cancer cases were identified during the study
period (1981-2000) and 70.6 % occurred in males. The mean
age at diagnosis for the study population was 62.2 years (61.3
and 64.3 years for males and females, respectively) with a
median survival time of 151 days. As shown in Table 1,
diagnosis based on death certificate only (DCO) was less than
1 %. Most cancer cases were reported from city (75.1 %) or
district hospitals (15.5 %) and most cases were diagnosed
based on either medical imaging (60.6 %) or histology (28.4
%). While there are few gender differences with respect to
the age at diagnosis and types of hospitals of diagnosis, males
were more likely than females to be administrators or
professionals.
The crude and age-adjusted incidence rates for the entire
study period were 27.4/100 000 and 26.3/100 000 respectively
for males. The corresponding rates were 11.5/100 000 and
10.4/100 000 for females.

Table 1 Characteristics of liver cancer cases diagnosed during 1981 to 2000, Tianjin, China
Variable

Sex
Age

Type of
diagnosis

Female

Total

n

%

n

%

n

%

Male

-

-

-

-

9666

70.63

Female

-

-

-

-

4019

29.37

0-19

19

0.20

37

0.27

20-29

64

0.64

30-39

360

40-49

1118

18

0.45

0.66

24

0.60

88

3.72

119

2.96

479

3.50

11.57

284

7.07

1402

10.24

50-59

2443

25.27

728

18.11

3171

23.17

60-69

3155

32.64

1395

34.71

4550

33.25

70-79

22.93

2009

20.78

1129

28.09

3138

80+

498

5.15

322

8.1

820

5.99

Clinical only

981

10.15

473

11.77

1454

10.62

Medical imaging only

5934

61.39

2353

58.55

8287

60.56

Histology at local site

2710

28.04

1176

29.26

3886

28.40

14

0.14

8

0.20

22

0.16

1

0.01

1

0.02

2

0.01

26

0.27

8

0.20

34

0.25

3193

33.03

390

3583

26.18

Surgical examination or autopsy
Death certificate only
Unknown
Occupation

Male

Category

Professionals and administrators

9.7

Service industry workers

1220

12.62

334

8.31

1554

11.36

Industry workers

3937

40.73

989

24.61

4926

36.00

All others

1316

13.62

2306

57.38

3622

26.46

Type of reporting City general or specified hospitals 7306

75.58

2968

73.85

10274

75.07

hospital

1495

15.47

624

15.53

2119

15.48

865

8.95

427

10.62

1292

9.44

District general hospital
Community hospital
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Table 2 displays the results from the proportional hazard
regression analyses. Older age and female gender were
associated with poor survival rates, with relative risks of 1.06
(95 % CI: 1.01, 1.11) and 1.08 (95 % CI: 1.05, 1.09)
respectively. Hospital of diagnosis was a statistically significant
predictor of survival time. Patients diagnosed in city hospitals
tended to live longer than those diagnosed in district or
community hospitals, with relative risk of death of 0.76 (95 %
CI: 0.73, 0.79). The results showed that period of diagnosis
was a statistically significant predictor of patients’ survival
time. Patients diagnosed in more recent years were likely to
live longer than those diagnosed in earlier years with a relative
risk of 0.85 (95 % CI: 0.83, 0.86) for every 5-year increment.
Table 2 Proportional hazards analyses of liver cancer diagnosed between 1981 and 2000 in Tianjin urban districts
Variable
Sex

Category

Relative risk

Male

1

Female

1.06

Age

0-19

1

Every 10-years increase

1.08

Period of

1981-1985

1

diagnosis

Every 5-years increase

0.85

Residence

Hexi District (advantaged)

1

Other districts

1.02

Occupation

Administrators

1

Hospital

95 % CI

1.01, 1.11
1.05, 1.09
0.83, 0.86
0.97, 1.08

Service industry workers

1.06

0.99, 1.13

Industry workers

1.08

1.03, 1.13
0.91, .102

All others

0.97

District or community hospitals

1

City general or speciality hospitals

0.76

0.73, 0.79

DISCUSSION
In this study, we described the survival patterns for primary
liver cancer in a Chinese urban population over the last 20
years. To the best of our knowledge, this was the first study of
its kind ever reported from China. Given the inconsistencies
in the literature regarding liver cancer incidence trends[21-26]
and survival patterns[27-32], this study provides another piece of
useful information for this disease. As Tianjin has a first-class
cancer treatment centre and facilities, patients from other parts
of China often seek treatment in Tianjin. It is relatively
uncommon that Tianjin residents travel to other parts of China
for treatment. There is no conceivable reason that this pattern
had changed during the study period. Moreover, regardless of
where a Tianjin patient gets treated, his/her cancer status would
eventually be reflected in the death certificates, which are one
source of our cancer registration data.
Based on clinical patients in Qidong, which has the highest
liver cancer incidence rates in China, Chen et al[31] reported
that females had a more favourable prognosis than males. In
this study, we found that females had slightly poor survival
rate than males. As the magnitude of the reported survival
difference was small, the results were unlikely to be conclusive.
Nevertheless, the discrepancy between the two studies may be
related to the differences in study population, such as, clinical
setting versus population based or rural (Qidong) versus urban
(Tianjin). The last four decades have seen a significant
improvement in liver cancer treatment in China[33]. While the
current study only had a span of 20 years, the improvement in
survival was apparent. The changes may be explained by
improvements in liver cancer clinical management in this city.
For example, unpublished data indicate the proportion of liver
cancer patients who undergo surgery for their condition has
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increased substantially in Tianjin.
This study has several limitations. First, we only included
urban residents and were unable to compare the differences
between rural and urban populations. Since China is a vast
country with significant variations in economic conditions, the
reported results may only be applicable to urban Chinese
residents. Second, as the Tianjin Cancer Registry only records
cancer related deaths (direct and indirect), it is possible that
liver cancer patients who died from other causes, such as traffic
accidents, were not reflected in our data bases. As a result, the
observed survival time as reflected in the cancer registry data,
might have been inflated. However, given that liver cancer is
a fast progressive condition and a dominant majority of liver
cancer patients die from it or its complications, it is unlikely
that the problem related to non-liver cancer deaths would have
altered the observed survival patterns greatly. Furthermore,
since the possible artificially better survival caused by omission
of non-liver cancer deaths would have been more in evidence
for patients diagnosed in early periods, the true survival
advantage for the patients diagnosed in recent years could be
even greater. Third, we did not have information on cancer
stage and treatment and were unable to estimate their impact
on the observed survival pattern. It was possible that some of
the observed survival advantage in later periods could be
attributed to the cancer stage shift over time. Thus, studies on
the changes in cancer stage and treatment over time are needed
to address these questions.
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Abstract
AIM: To investigate the expression of fragile histidine triad
(FHIT) gene protein, Fhit, which is recently thought to be a
candidate tumor suppressor. Abnormal expression of fragile
histidine triad has been found in a variety of human cancers,
but little is known about its expression in human
hepatocellular carcinogenesis and evolution.
METHODS: Sections of 83 primary human hepatocellular
carcionoma with corresponding para-neoplastic liver tissue and
10 normal liver tissue were evaluated immunohistochemically
for Fhit protein expression.
RESULTS: All normal liver tissue and para-neoplastic liver
tissue showed a strong expression of Fhit, whereas 50 of 83
(65.0 %) carcinomas showed a marked loss or absence of
Fhit expression. The differences of Fhit expression between
carcinoma and normal or para-neoplastic liver tissue were
highly significant (P=0.000). The proportion of carcinomas
with reduced Fhit expression showed an increasing trend
(a) with decreasing differentiation or higher histological grade
(P=0.219); (b) in tumors with higher clinical stage III and
IV (91.3 %, P=0.000), compared with tumors with lower
stage I and II (27.6 %); and (c) in cancers with bigger
tumor size (>50 mm) (75.0 %, P=0.017), compared with
smaller tumor size ( 50 mm).
CONCLUSION: FHIT inactivation seems to be both an early
and a later event, associated with carcinogenesis and
progression to more aggressive hepatocellular carcinomas.
Thus, evaluation of Fhit expression by immunohistochemistry
in hepatocellular carcinoma may provide important diagnostic
and prognostic information in clinical application.
Zhao P, Song X, Nin YY, Lu YL, Li XH. Loss of fragile histidine
triad protein in human hepatocellular carcinoma. World J
Gastroenterol 2003; 9(6): 1216-1219
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INTRODUCTION
Fragile histidine triad gene (FHIT) has been cloned and
mapped to chromosomal region 3p14.2[1]. It spans the t(3:8)
+(p14.2;q24) translocation breakpoint found in familial renal
cell carcinoma and encompasses the most common human
fragile site, FRA3B[2,3]. Alterations of FHIT and its expression
have been found in primary tumors and cell lines of the lung[4,5],

breast[6-8], head and neck [9], esophageal[10-12], stomach[13-15],
colon and rectum[16-18], pancreas[19], kidney[20,21], cervix[22-25], and
hepatocellular carcinomas[26-30]. Allelic deletion of FHIT and
abnormal expression of FHIT protein (Fhit) in lung cancer are
associated with smoking history and poor prognosis[31, 32]. The
finding of decreased expression of Fhit in 93 % of precancerous
lesions of the lung suggests that this gene may be used as a
molecular marker for early diagnosis and prognosis of lung
cancers[32]. However, there are only a few reports that evaluated
FHIT in hepatocellular carcinoma in a small number of cases
so far[30] and further investigation of Fhit protein expression
during hepatocellular carcinogenesis is required. Liver cancer,
like lung cancer, is thought to be induced by carcinogens such
as major viral and environmental risk factors. Therefore, it is
imperative to determine whether FHIT plays a role in the
development of hepatocellular carcinoma which has been
ranked the second in cancer mortality in China since 1990s
and is increasing in the rate of its incidence among males in
many countries. In this study, 10 normal liver tissues and 83
hepatocellular carcinomas with their corresponding paraneoplastic liver tissues were examined for Fhit expression by
immunohistochemistry. It was found that the expression of
Fhit was altered in a high proportion of hepatocellular
carcinomas and the loss of Fhit expression was associated with
more advanced stage of the tumor.

MATERIALS AND METHODS
Specimens
Paraffin embedded sections of 83 hepatocellular carcinomas
with corresponding para-neoplastic tissues and 10 normal liver
tissues as controls were obtained from the Department of
Pathology, Chinese People’s Liberation Army General
Hospital. The patients included 71 men and 12 women with
the mean age of 52±9.67 years (range 10-76 years). Of these
patients, 15 were at grade I, 39 at grade II and 29 at grade III
according to histological grading; and 4 were at stage I, 33 at
stage II, 46 at stage III and 4 at stage IV according to clinical
staging of UICC. In terms of size, 44 tumors were bigger than
and 39 were equal to or smaller than 50 mm in diameter.
Immunohistochemical determination of Fhit
All specimens were fixed in 10 % buffered formalin and
embedded in paraffin. Paraffin blocks were sectioned into 4µm thickness and the sections were mounted onto APES-coated
glass slides. The slides were deparaffinized in xylene twice
for 10 minutes, rehydrated through graded ethanol to distilled
water, incubated for 30 minutes with 3 % hydrogen peroxidasemethanol to inhibit endogenous peroxidase activity, and heated
in 0.01M citrate buffer (pH 6.0) in a microwave oven for 5
minutes at 100
for antigen retrieval. After cooled down at
room temperature for 30 minutes, the slides were blocked for
15 minutes in PBS containing 10 % normal goat serum,
incubated at 4 overnight in a humidified chamber with rabbit
polyclonal antibody to human Fhit (Zymed Laboratories Inc.,
South San Francisco, CA) at 1:200 dilution in blocking
solution. The sections were then rinsed in PBS and incubated
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for 30 minutes with biotinylated secondary antibody
(Histostain-SP, Zymed), rinsed again in PBS and incubated
for 30 minutes in streptavidin-HRP (Histostain-SP, Zymed).
3, 3’-Diaminobenzidine was used as the chromogen. Slides
were counterstained for 3 minutes with hematoxylin solution.
Normal liver tissue was used as the positive control for each
lesion, whereas the primary antibody was replaced by normal
rabbit serum IgG with a similar dilution or PBS for the negative
control.
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significantly associated with more advanced clinical stage of
the tumors. Whereas 21.6 % (8 of 37) stage I and II cases
showed reduced expression of Fhit, the percentage of stage
III and IV cases with reduced expression of Hhit increased
to 91.3 % (42 of 46) (P=0.000, Table 2). In addition, the
carcinomas with reduced expression of Fhit protein were found
in 75 % (33 of 44) of tumors greater than 50 mm in diameter,
compared with 43.6 % (17 of 39) of tumors 50 mm or smaller
in diameter (P=0.017).

Evaluation of score
Both the extent and intensity of immunostaining were
considered when scoring Fhit protein expression according to
Hao et al[18]. The intensity of positive staining was scored as 0,
negative; 1, weak; 2, moderate; 3, strong as in normal liver.
The extent of positive staining was scored as 0, <5; 1, >5-25 %;
2, >25-50 %; 3, >50-75 %; 4, >75 % of the hepatocytes in the
respective lesions. The final score was determined by
multiplying the intensity score and the extent score, yielding a
range from 0 to 12. Scores 9-12 were defined as preserved or
strong staining (++), 5-8 as weak staining (+) and 0-4 as
markedly reduced or negative expression (-).

A

Statistical analysis
Fisher’s exact test (two sided) and Pearson Chi square’s test
for trends in proportions were used to assess the associations
between Fhit expression and pathological indices. A P<0.05
was considered statistically significant.
RESULTS
Fhit expression in normal, para-neoplastic tissue and carcinoma
Fhit was strongly expressed in the cytoplasm of hepatocytes
in all 10 normal liver and 83 para-neoplastic tissues (Figure
1A). Some stromal cells, such as lymphocytes, plasma cells
and macrophages, also expressed Fhit in both nucleus and
cytoplasm. The expression of Fhit was strong in 33, weak in
21 and negative in 29 hepatocellular carcinomas (Table 1).
The carcinomas with markedly reduced or loss of Fhit
expression were observed in 50 (65.2 %) cases, whereas those
with expression of Fhit equal to normal liver were observed in
33 (34.8 %) cases. In cases with reduced expression of Fhit,
both the extent and intensity of Fhit staining were reduced
markedly (Figure 1B).

B
Figure 1 (A) Strong positive staining of Fhit in normal liver
tissue SP×100 (B) Negative staining of Fhit in invading hepatocellular carcinoma (upper right) compared with strong positive
staining of Fhit in para-neoplastic liver tissue (lower left)
(SP×400).
Table 2 Relationship between Fhit expression and clinicopathological indice

Table 1 Levels of Fhit expression in heptocellular carcinomas,
para-neoplastic tissues and normal liver tissues

Fhit score

Fhit score
n

-

+

++

HCC

83

29

21

33

Para-neoplastic tissueb

83

0

0

83

Normal liver tissueb

10

0

0

10

b

P=0.000, vs hepatocellular carcinomas.

Relationship between Fhit expression and histological grade,
clinical stage and tumor size
The percentage of carcinomas with reduced expression of Fhit
increased from 46.7 % (7 of 15) in well-differentiated cancers
(grade I) to 53.8 % (21 of 39) in moderately differentiated
cancers (grade II) and to 75.8 % (22 of 29) in poorly
differentiated cancers (grade III), although this association of
increased histological grade of tumors with decreased Fhit
expression was not statistically significant (P>0.05, Table 2).
Nevertheless, the decrease in expression of Fhit was

Histological grade
Grade I
Grade II
Grade III
Clinical stage
Stage I-II
Stage III-IV
Size (mm)
50
>50

n

-

+

++

15
39
29

3
12
14

4
9
8

8
18
7

37
46

4
25

4
17

29
4

39
44

10
19

7
14

22
11

DISCUSSION
Fhit protein is expressed in most types of normal human tissues
but has been found to be frequently reduced or lost in a variety
of human tumors due to alterations in its gene transcription or
gene deletion[1]. It has thus been suggested that FHIT gene is a
candidate tumor suppressor gene for multiple carcinomas. Fhit,
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the FHIT gene protein, is a member of histidine triad family
and the mechanism of its suppression on tumor cells remains
obscure[1-3]. The following possible mechanisms have been
considered as a tumor suppressor [33]: First, the tumorsuppressing function of Fhit might be to catabolize ApppA
(Ap3A) or related substrates. Ap3A is an analogue of ATP,
which can provide phosphates as a substrate to raise the activity
of protein kinase. Loss of Fhit protein may lead to the loss of
Ap3A hydrolase activity and the resulting elevated levels of
Ap3A or similar compounds may enhance the transductive
signals of growth, thus contribute to carcinogenesis. Second,
the activity of Fhit on mRNA cap analogs raises the possibility
that failure of a decapping function might be tumorigenic,
however, the properties of Fhit are quite different from those
of enzymes known to decap mRNA, making this an unlikely
mechanism. Third, the tumor-suppressing function of Fhit
might be signaling by Fhit-substrate complexes or compounds
as an active form of Fhit, which may be more important than
its role of hydrolase. Fourth, Fhit might have a nucleotideindependent role as a tumor suppressor[33].
Yuan et al.[30] found that 4 of 9 cell lines and 5 of 10 primary
hepatocellular carcinomas did not express Fhit protein or only
expressed reduced levels of Fhit. Consistent with their results,
we found that 50 of 83 (65.2 %) primary hepatocellular
carcinomas showed markedly reduced or loss of expression of
Fhit, suggesting that loss of Fhit protein might be related to
the carcinogenesis of hepatocytes. Furthermore, decreasing
expression of Fhit protein with higher histological grading,
and more significantly with advanced clinical stages (stage III
and IV) of primary tumors and bigger tumor size (>50 mm in
diameter) suggests that loss of Fhit expression is strongly
associated with the development and progression of hepatocellular
carcinoma. Similar association between loss of FHIT function
and the stage, grade and poor prognosis of tumors has been
noted in lung cancer[4-5], colorectal carcinoma[18] and advanced
breast cancer[8].
In summary, expression of Fhit is reduced or lost in a
significant proportion of hepatocellular carcinomas and
especially in more advanced stages of primary tumors. Thus,
detection of Fhit protein expression by immunohistochemistry
in hepatocellular lesions may provide important diagnostic and
prognostic information in practical clinical application.
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transcription in response to a variety of endogenous and
exogenous ligands, including some polyunsaturated fatty acids,
arachidonic acid metabolites, and some anti-diabetic drugs and
non-steroidal anti-inflammatory drugs[1-6]. Recently, PPARs
subfamily has been defined as PPARα, PPARβ and PPARγ.
Three PPAR isoforms differ in their tissue distribution and
ligand specificity. PPARα is predominantly expressed in tissues
exhibiting high catabolic rate of fatty acids, whereas PPARβ
expression is ubiquitous, and its physiological role is not clear.
PPARγ is expressed predominantly in adipose tissue, the
adrenal gland, spleen, large colon and the immune system.
Several lines of evidence indicate that PPARγ plays an
important role in regulating adipocyte differentiation and
glucose homeostasis. Both PPARα and PPARγ have been
shown to be involved in anti-inflammatory reactions mediated
by arachidonic acid metabolites. PPARα binds to, and is
activated by leukotriene B4, and its level is regulated at the
transcriptional level by anti-flammatory glucocorticoids[7-15].
PPARγ is activated by prostaglandin D2 metabolite 15-deoxyÄ[12, 14] prostaglandin J2 (15 d-PGJ2) and synthetic anti-diabetic
thiazolidinedione drugs, resulting in down-regulation of the
expression of pro-inflammatory genes and inhibition of tumor
cell growth[16,17].
Cyclooyxgenase (COX) is a rate-limiting enzyme, catalyzing
the initial step in biosynthesis of prostaglandins (PGs) from
arachidonic acid[18,19]. COX is encoded by two separate genes,
COX-1 and COX-2, both of which participate in formation of
a variety of eicosanoids including PGD2, PGE2, PGI2, PGF2α,
and thromboxane A. COX-1 is expressed constitutionally in
most tissues and has been proposed to be a house-keeping gene,
which is involved in cytoprotection of gastric mucosa,
vasodilation in kidney, and control of platelet aggregation. In
contrast, COX-2 is an inducible immediate-early gene that is
upregulated by various stimuli including mitogens, cytokines,
growth factors, and tumor promoters. Previous studies have
demonstrated that COX-2 expression is aberrantly increased
in (various) human epithelial cancers in colorectum, esophagus,
stomach, lung, and bladder[20-39]. These findings suggest that
up-regulation of COX-2 may be a common mechanism in
epithelial carcinogenesis. Recently, PPARγ ligands was found
to suppress COX-2 expression in fetal hepatocytes[40] and in
macrophage-like differentiated U937 cells[41]. However, other
authors reported that 15d-PGJ2 induced the expression of COX2 in immortalized epithelial[42] and colorectal cancer cells[43].
The mechanisms for the different regulation of COX-2
expression by PPARγ ligands remain to be elucidated. In the
present study, we wanted to investigate the effect of PPARγ
activation on cell growth and apoptosis, and to investigate
underlying mechanism in regard to the expression of COX-2
and Bcl-2 members in HepG2 cells.

INTRODUCTION
Peroxisome proliferator-activated receptors (PPARs) are
transcription factors belonging to the nuclear receptor gene
family. PPARs bind to specific response elements as
heterodimers with the retinoid X receptor and activate

MATERIALS AND METHODS
Cell culture
Human liver cancer cell line HepG2 was provided by the
American Type Culture Collection. Cells were grown in RPMI1640 medium supplemented with 15 % new born bovine serum,
penicillin G (100 kU·L-1) and kanamycin (0.1g/L) at 37 in
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molecular mechanisms.
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tetrazolium bromide (MTT), [3H] Thymidine incorporation,
Hochest33258 staining, DNA ladder, enzyme-linked
immunosorbent assay (ELISA), RT-PCR, Northern and
Western blotting analyses were employed to investigate
the effect of TGZ on HepG2 cells and related molecular
mechanisms.
RESULTS: TGZ was found to inhibit the growth of HepG2
cells and to induce apoptosis. During the process, the
expression of COX-2 mRNA and protein and Bcl-2 protein
was down-regulated, while that of Bax and Bak proteins
was up-regulated, and the activity of caspase-3 was elevated.
Furthermore, the level of PGE2 was decreased transiently
after 12 h of treatment with 30 µM troglitazone.
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the elevation of PGE2 levels, and up-regulation of the
expressions of Bax and Bak proteins,
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the 5 % CO2 incubator. Cells were grown on 96-well plates for
MTT assay, [ 3 H] thymidine incorporation and DNA
fragmentation enzyme-linked immunosorbent assay (ELISA).
For the experiment, cells were grown in fresh serum-free
medium, incubated for 6 hours, and treated with experimental
reagents.

MTT cell viability assay
Cell growth was assessed by a modified MTT assay. About
2×105 cells/well were plated in 96-well microtiter plates and
incubated overnight. Cells were then treated with troglitazone
for 48 h in various concentrations. Then 10 µl stock MTT
(0.5 g/L) was added to each well, and the cells were further
incubated at 37
for 4 h. After supernatant was removed,
100 µl of 0.04 M HCl in isopropanol was added to each well to
solubilize the formazan products. The absorbance at the
wavelength of 570 nm was measured by a micro-ELISA
reader. The negative control well contained medium only.
The ratios of the absorbance of treated cells relative to those
of the control wells were calculated and expressed as percentage
of growth inhibition.
[3H] thymidine incorporation
Cells were planted in 96-well plates and grown for 24 h after
being starved by growing in the serum-free medium for 48 h.
Then, they were treated with troglitazone for 48 h and labeled
with 5 µCi of [3H] thymidine for 4 h. Radioactivity was detected
using a Beckman L5 counter, after the reaction was washed
and stopped with 5 % trichloro acetic acid and the cells
solubilized in 0.5 % of 0.25 N sodium hydroxide. Each
experiment was done in quadruplicates and repeated at least
three times.
Hoechst 33258 staining
Cells were fixed with 4 % formaldehyde in phosphatebuffered saline (PBS) for 10 min, stained by Hoechst 33258
(10 mg/L) for 1 hour, and subjected to fluorescence
microscopy. After treatment with troglitazone, morphologic
changes, including reduction in cell size and nuclear chromatin
condensation, were observed.
DNA ladder demonstration
After induction of apoptosis, cells (7×106/sample, both attached
and detached cells) were lyzed with 150 µl hypotonic lysis
buffer (edetic acid 10 mM, 0.5 % Triton X-100, Tris-HCl, pH7.
4) for 15 min on ice and were precipitated with 2.5 %
polyethylene glycol and 1 M 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 at -20 . After
centrifugation, each pellet was dissolved in 10 µl of Tris-EDTA
(pH 7.6) and electrophoresed on a 1.5 % agarose gel containing
ethidium bromide. DNA ladder pattern was identified under
ultraviolet light.
Detection of DNA fragmentation
HepG2 cells were grown in 96-well plates. The cells were
incubated with various dose of troglitazone for 48 h. DNA
fragmentation was detected using an enzyme-linked
immunosorbent assay (ELISA) kit (Roche). This assay was based
on a quantitative sandwich enzyme-immunoassay directed
against cytoplasmic histone-associated DNA fragments. Briefly,
the cells were incubated in 200 µl of lysis buffer. After
centrifugation, 20 µl of the supernatant was reacted overnight
at 4
in streptavidin-coated wells with 80 µl of biotinylated
anti-histone antibody and peroxidase-conjugated anti-DNA
antibody. After washing, the immunocomplex-bound peroxidase
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was probed with 2,2’-azino-di[3-ethylbenzthiazoline sulfonate]
for spectrophotometric detection at 405 nm.

TUENL reaction
TUNEL reaction was done using apoptosis detection system
(Cayman). Cells were fixed overnight at 4
with 4 %
paraformaldehyde in PBS. The samples were washed three
times with PBS and permeabilized by 0.2 % Triton X-100 in
PBS for 15 min on ice. After washed twice, cells were
equilibrated at room temperature for 15 to 30 min in
equilibration buffer (potassium cacodylate 200 mM,
dithiothreitol 0.2 mM, bovine serum albumin 0.25 g/L, and
cobalt chloride 2.5 mM in 25 mM Tris-HCl, pH 6.6), and then
incubated in a solution containing 5 µM pluorescein-12-dUTP,
1 0 µM dATP, 10 0 µM edetic acid , and ter min al
deoxynucleotidyl transferase at 37
for 1.5 h in a dark
chamber. The tailing reaction was terminated by 2×standard
saline citrate (SSC). The samples were washed three times with
PBS and analyzed by fluorescence microscopy. At least 1000
cells were counted, and the percentage of TUNEL-positive
cells was determined.
RNA isolation and northern blotting
After incubation with different doses of troglitazone for 6 h,
cells were washed with RPMI. Total RNA was extrcted from
adherent cells using Rneasy Mini kits (Sigma) as described
previously [37]. 30 mg of total RNA from each sample was
separated on agarose/formaldehyde gels and transferred to
nylon membranes. The membrane was hybridized with probes
for COX-2 and for GAPDH as a reference.
RT-PCR for COX-2
Total RNA was extracted from cells using TRIzolTM (Sigma).
COX-2 and beta-actin mRNA were detected by polymerasechain-reaction following reverse transcription- (RT-PCR) as
described[37]. Primers for beta-actin were: sense 5’-ATCTGGCACCACACCTTCTACAATGAGCTGCG-3’, antisense
5’-CGTCATACTCCTGCTTGCTGATCCACATCTGC-3’.
Western blotting analysis
The cells were lysed in a lysis buffer (hepes 25 mM, Triton X100 1.5 %, sodium deoxycholate 1 %, SDS 0.1 %, NaCl 0.5
M, edetic acid 5 mM, NaF 50 mM, sodium vanadate 0.1 mM,
phenylmethylsulfonyl fluoride (PMSF) 1 mM and leupeptin
with sonication. The lysates were
0.1 g/L, pH7.8) at 4
centrifuged at 15 000 g for 15 min and the concentration of
the protein in each lysate was determined with Coomassie
brilliant blue G-250. Loading buffer (42 mM Tris-HCl,
containing 10 % glycerol, 2.3 % SDS, 5 % 2-mercaptoethanol
and 0.002 % bromophenol blue) was then added to each lysate,
which was subsequently boiled for 3 min and then
electrophoresed on a SDS-polyacrylamide gel. Proteins were
transferred onto a nitrocellulose filter and incubated separately
with the antibodies against Bcl-2, Bax, Bak, Bcl-xL and COX2, and then labeled with peroxidase-conjugated secondary
antibodies. The reactions were visualized using the enhanced
chemiluminescence reagent (Sigma). The results were
approved by repeating the reactions 2 times.
Evaluation of PGE2 production
To determine the levels of PGE2, HepG2 cells were treated
with different concentrations of troglitazone for 24 h. The
quantity of PGE2 in supernatants was immediately determined
with the PGE2 Enzyme Immunoassay kit (Caymen Chemical)
according to the manufacturer’s instructions. Data were
recorded using a Dynatech MR50000 microplate reader and
normalized to micrograms of protein.
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Assessment of caspase-3 activity
Caspase-3 activity was evaluated using a caspase assay kit
following instructions of the manufacturer. In brief, caspase-3
fluorogenic substrate (Ac-DEVD-AMC or Ac-IETD-AMC) was
incubated with JTE522-treated cell for 1 h at 37 , then AMC
released from Ac-DEVD-AMC or Ac-IETD-AMC was detected
using a fluorometric plate reader with an excitation wavelength
of 380nm and an emission wavelength of 420-460nm.
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3.2±1.2 % to 53±2.6 %. Agarose gel electrophoresis showed
DNA ladder pattern in the exposed HepG2 cells (Figure 2).
The PPARγ pathway-induced apoptosis was further
demonstrated in quantitative measurement of cytoplasmic
histone-associated DNA fragment by ELISA. As shown in
Figure 3, troglitazone induced significant increase in DNA
fragmentation in a dose-dependent manner.

Statistical analysis
Data were presented as the mean ± standard error, unless
otherwise indicated. Multiple comparisons were examined for
significant differences using analysis of variance, followed by
individual comparisons with the Bonferroni post-test.
Comparisons between two groups were made with the Student
t test. P<0.05 was considered significant.
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Figure 2 DNA ladder pattern formation in HepG2 cells after
treatment with TGZ. Cells were treated with TGZ for 48 h and
the formation of oligonucleosomal fragments was determined
by 1.5 % agarose gel electrophoresis: M) DNA markers; 1)
control; 2) 10 µM TGZ; 3) 30 µM TGZ.
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RESULTS
Effects of PPARγ activation on cell proliferation and cell
viability
HepG2 cells were incubated with various does of trogliatzone
for 48 h. MTT assay showed that trogliatzone significantly
inhibited cell viability. The inhibition was dependent on dose
of trogliatzone administered (Figure 1A). Application of
trogliatzone also resulted in a reduction of [3H] thymidine
uptake in a dose-dependent manner (Figure 1B).
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Figure 3 DNA fragmentation by ELISA assay, as measured by
absorbance (OD 450 values). HepG2 cells cultured for 48 h in
the presence of TGZ resulted in dose dependent DNA
fragmentation. aP<0.05, bP<0.01 compared to respective control.

Figure 1 Effect of TGZ on growth of HepG2 cells. HepG2 cells
were incubated with various concentrations of TGZ for 48 h:
(A) MTT assay; (B) [3H] thymidine uptake assay. The value
was represented as mean ±SEM (n=3). bP<0.01 versus corresponding control group.

Down-regulation of COX-2 associated with the PPARγ
activation
The fact that the COX-2 promoter contains a PPRE indicates
that COX-2 might be one of the downstream targets of the
PPARγ pathway. In the present study, COX-2 expression was
observed in HepG2 cells treated with vehicle or 30 µM
troglitazone. After 6, 12, 24 and 48 h of the treatment, cells
were harvested. COX-2 mRNA was analysed by RT-PCR (4A)
and Northern blotting (4B), and its translation product was
demonstrated by Western blotting (4C). As shown in Figure
4, no significant change was detected during the first 6 h of
treatment when compared with the control. After treatment
with 30 µM troglitazone for 12 h, the expression of COX-2
was inhibited.

Influence of PPARγ activation on apoptosis
Effect of PPARγ activation on apoptosis was assessed by staining
with Hoechst 33258, TUNEL reaction, DNAfragmentation
demonstration on an agarose gel and by ELISA. The initiating
effect of PPARγ activation on apoptosis was confirmed in
HepG2 cell, the morphologic changes included reduction in
cell size and nuclear chromation condensation visualized by
Hoechst 33258 staining. The apoptotic index was also increased
by treatment with different concentration of troglitazone from

Effects of PPARγ activation on expression levels of Bcl-2,
Bcl-xL, Bax and Bak
To further elucidate the mechanisms of troglitazone-induced
apoptosis in HepG2 cells, we assessed the involvement of bcl2 family proteins in the process by Western blotting. Expression
of Bax protein was up-regulated 6 h after 20 µM troglitazone
treatment and remained elevated to 24 h. Expression level of
Bak protein was also elevated 12 h after the treatment with 30
µM troglitazone and declined at 48 h. On the controry, Bcl-2
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protein expression was down-regulated at 6 h and undetectable
at 24 h. No significant change was observed in the expression
of bcl-xL protein (Figure 5).

B

C

Figure 4 Effect of TGZ on the expression of COX-2 mRNA
and protein in human liver cancer cell line HepG2 cells: (A)
RT-PCR; (B) Northern blot; (C): Western blot.
0
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Figure 5 Effects of TGZ on the levels of bcl-2, bcl-xL, bax and
bak proteins in HepG2 cells at indicated time.

Effects of PPARγ activation on PGE2 production
The levels of PGE2 in vehicle controls were always high
throughout the culture. When HepG2 cells were treated with
30 µM troglitazone, PGE2 concentration decreased transiently
at 12 h (Figure 6).
PGE2 production (% control)

Change in caspase-3 activity associated with PPARγ
activation
In consideration of frequent involvement of caspaes activation
in apoptosis, caspase-3 activity was assessed in HepG2 cell,
treated with 20 µM troglitazone. As shown in Figure 7, the
caspase-3 activity increased with the treatment, the reaction
was time-dependent.
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Figure 6 Effect of TGZ on the production of PGE2. The value
was represented as mean ±SEM (n=3). bP<0.01 compared to
respective control.
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Figure 7 Effect of TGZ on the activity of caspase-3. The value
was represented as mean ± SEM (n=3).

DISCUSSION
Potent effects of PPARγ on cell proliferation and cell cycling
have been described. PPARγ ligands can trigger cell cycle arrest
in NIH3T3 cells and HIB-1B cells[44]. PPARγ ligands can also
induce terminal differentiation and withdrawal of human
liposarcoma cells from the cell cycle[45]. Importantly, PPARγ
ligands have been found to slow down the progression of
advanced liposarcoma in humans[46]. Given the expression of
PPARγ in nonadipose tissues, the effect of PPARγ on human
breast cancer, gastric cancer, prostate cancer, colon cancer and
transtitional cell, bladder cancer have been explored. Treatment
of cultured breast cancer cells with troglitazone results in cell
growth arrest and promotes differentiation[47]. Troglitazone has
also been shown to inhibit tumor growth and induce apoptosis
in human breast cancer cells in vitro and in BNX mice. Moreover,
another PPARγ ligand, GW7845, has been shown to decrease
tumor incidence, tumor growth and tumor burden I, the NMU
induced mammary carcinoma[48]. These data suggest that PPARγ
ligands may be used as novel, nontoxic and selective
chemotherapeutic agents for human breast cancers. In the present
study, our results have shown that activation of PPARγ by
troglitazone inhibits cell growth and induces apoptosis in human
liver cancer HepG2 cells. We confirmed that the induction of
apoptosis was mediated through down-regulation of COX-2 and
Bcl-2 expression, and up-regulation of Bax and Bak expression.
The down-regulation of COX-2 was coincident with downregulation of the production of PGE2. The activity of Caspase-3
was increased after treatment with 30 µM PPARγ ligand
troglitazone in a time-dependent manner.
Meade et al. have demonstrated that COX-2 expression is
enhanced by peroxisome proliferators, including some fatty
acids, PGs and NSAIDs, as well as the prototypical peroxisome
proliferator WY-14, 643, in mammary and colonic epithelial
cells, presumably through PPARα[49]. Yang et al. showed that
activation of PPAR pathway by ciglitazone induced apoptosis
and inhibition of COX-2 expression in human colon cancer
cells HT-29 [50] , but the result was not approved in an
observation by Lefebvre et al[51]. Our data showed that PPARγ
activation inhibited the expression of COX-2. The discrepancy
may be caused by different cell types used in these groups.
Overexpression of COX-2 plays important roles in cell
adhesion, apoptosis and angiogenesis. Numerous epidemiological
studies suggest that use of nonsteroidal anti-inflammatory drugs
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(NSAIDs) decreases the incidence of gastrointestinal cancers and
COX-2 is recognized as a major target of NSAIDs[52-64]. Inhibition
of COX-2 by NSAIDs or COX-2 specific inhibitors causes
cell death in cancer cells, indicating that COX-2 may be used
as an important molecular target for prevention and therapy
in gastrointestinal cancers[65-70]. The mechanism of COX-2
expression remains unclear. Subbaramaiah and colleagues have
shown that PPARγ can inhibit COX-2 expression.
In the present study, the levels of PGE2 were decreased in a
time-dependent manner after the treatment with 30 µM
troglitazone, and were correlated with the change in COX-2
expression. This is in agreement with previous observations
in other cell lines[71-73]. Thus, excessively synthesized PGE2
mediated by overexpression of COX-2 is believed to play an
important role in neoplasma formation. Inhibition of COX-2
activity may at least partly explain the chemopreventative effect
of activated PPAR pathway in human liver cancer.
Apoptosis is characterized by a series of distinct
morphological and biochemical changes. Several apoptosisrelated genes have been found. One group of apoptosis
regulatory genes is the Bcl-2 family[74-79]. Of these genes, Bcl2, Bcl-xL are antiapoptotic, whereas Bax, Bcl-xs, Bak, Bad and
Bik are proapoptotic. In this study, overexpression of Bax and
Bak, and suppression of the expression of Bcl-2 were found
during the apoptosis induced by PPARγ activation. These data
confirm the role of these proteins in troglitazone-induced
apoptosis in HepG2 cells. In addition, the activity of caspase3 was also found to be elevated during the apoptotic process
induced by PPARγ activation.
In summary, we have shown that activation of PPARγ by
troglitazone induces apoptosis in HepG2 cells through downregulation of the expression of COX-2 and bcl-2, up-regulation
of bax and bak, and activation of caspase-3. Consistent with
other potential chemopreventive agents in human liver cancer
model, we believe that COX-2, bak, bax, bcl-2 and caspase-3
play some roles in the process of PPARγ activation-induced
apoptosis. These serve as potential targets for future drugs or
therapies for prevention and treatment of liver cancer.
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Abstract
AIM: To clarify the association of vascular endothelial
growth factor (VEGF) and microvascular density (MVD)
expression with the angiogenesis and prognosis of
colorectal cancer.
METHODS: A total of 97 cases of colorectal carcinomas
were examined by immunohistochemical staining (SP
method), using anti-VEGF and anti-factor CD34+ monoclonal
antibodies.
RESULTS: VEGF positive staining was obtained in 68 out
of 97 cases (70.1 %), and observed mainly in the cytoplasm
of tumor cells, and also frequently in stromal cells. VEGF
expression was more intense in poorly differentiated
adenocarcinoma in comparison with others, but there was
no significant correlation between VEGF expression and age,
sex and stage. A significant correlation was found between
the MVD and grades, and there was no significant relationship
between the MVD and age, sex, and stage. The MVD in the
VEGF positive group (68 cases) was higher than that in the
negative group. Upon multivariate analysis, the significant
variables were stage, tumor grade and MVD; VEGF
expression was not an independent prognostic factor.
CONCLUSION: The expression of VEGF has a significant
correlation with MVD; MVD expression has prognostic value
but VEGF has not in colon cancer.
Zheng S, Han MY, Xiao ZX, Peng JP, Dong Q. Clinical significance
of vascular endothelial growth factor expression and
neovascularization in colorectal carcinoma. World J Gastroenterol
2003; 9(6): 1227-1230
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INTRODUCTION
Angiogenesis is an essential process required for the growth
and metastatic ability of solid tumors [1]. Some studies
demonstrated that an increase in microvascular density (MVD)
was found to be closely associated with the expression of
vascular endothelial growth factor (VEGF), and that MVD and
VEGF expression had a prognostic value in predicting
metastasis of various malignant solid tumors[2,3]. Several studies
have noted that the level of VEGF expression, a strong
angiogenic factor, correlates with neovascularity and tumor
progression in human breast and brain cancers and
experimental tumor models[4,5]. In this study, we investigated

the correlation of the VEGF and MVD in the tumor tissue of
patients with colon cancer.

MATERIALS AND METHODS
Patients and tumor specimens
Tumor specimens from 97 patients resected for colorectal
cancers, from the Second Affiliated Hospital of Zhejiang
University (Hangzhou, China) from March 1993 to September
1995 were assessed. The age of the patients ranged from 36 to
74 years; 58 were male and 39 were female; average age, male
57.5 years old, female 61.5 years old. The patients were staged
according to operation and pathological findings with UICC
TNM classification: 9 (9.3 %) in stage I, 38 (39.2 %) in stage
II, 32 (32.9 %) in stage III, and 18 (18.6) in stage IV.
Immunohistochemistry
Specimens were fixed in a 10 % formaldehyde solution and
embedded in paraffin. Sections, 5 µm thick, were cut and
mounted on glass slides. Immunohistochemical staining was
performed using the avidin-biotin method. Staining for VEGF
was performed using an anti-VEGF monoclonal antibody
(MAb) (Calbiochem, Cambridge, UK). Staining for vascular
endothelial cells was performed using an anti-CD34 MAb
(DAKO, Copenhagen, Denmark). Briefly, formalin-fixed,
paraffin-embedded 5 µm tissue sections were deparaffinised
with xylene, dehydrated in ethanol and incubated with 3 %
hydrogen peroxidase for 5 min. After washed with phosphatebuffered saline (PBS), tissue sections were incubated in 10 %
normal bovine serum for 20 min, followed by an overnight
incubation with anti-VEGF (1:50) antibody or anti-CD34
antibody (1:50). Biotinylated goat antimouse and antirabbit
immunoglobulins were used as secondary antibodies.
Peroxidase-conjugated avidin was used as a dilution of 1:500.
Finally, 0.02 % diaminobenzidine and 1 % hydrogen peroxide
in PBS were used as the substrate. Normal mouse IgG diluted
to an equivalent protein concentration was used as a control in
place of the primary antibody. Counterstaining was performed
with haematoxylin.
Any single brown-stained cell that indicates an endothelial
cell stained with CD34 was counted as a single vessel.
Branching structures were counted as a single vessel, unless
there was a break in the continuity of the structure. The stained
sections were screened at 5 times magnification, to identify
the areas of highest vascular density. After the area of highest
neovascularization was identified, individual vessel counts
were performed at ×200 magnification.
Evaluation of VEGF expression
For the evaluation of VEGF expression, immunostaining was
classified in two groups, corresponding to the percentage of
immunoreactive cells; the cut-off point to distinguish low from
high VEGF expression was 25 % of positive carcinoma cells.
Statistical analysis
Statistical comparisons for significance were made with the
Student’s t test and χ2 test. Multivariate analysis was performed
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using the Cox’s regression multiple hazard model. P<0.05 was
considered statistically significant.

RESULTS
VEGF expression
Positive staining was obtained in 68 out of 97 cases (70.1 %)
and a typical immunohistochemical staining is shown in Figure
1. VEGF immunoreactivity was observed mainly in the
cytoplasm of tumor cells, and also frequently in stromal cells.
The distribution of VEGF-staining was not continuous in the
whole slide of the specimen. VEGF expression was more
intense in poorly differentiated adenocarcinoma in comparison
with other tumors (P=0.014), but there was no significant
correlation between VEGF expression and age, sex and stage
(Table 1).

Figure 2 Microvascular density in colorectal cancer specimen.
The single brown-stained cell indicates an endothelial cell that
was stained for the presence of CD34.
Table 2 Relationship between clinicopathologic factors and
MVD (n=97)
Variables

Figure 1 VEGF expression in colorectal cancer specimen. VEGF
immunoreactivity was observed mainly in the cytoplasm of
tumor cells, and also frequently in stromal cells.
Table 1 Relationship between clinicopathologic factors and
VEGF expression (n=97)
Variables

VEGF expression

n (%)

Age
<45 years
>45 years
Sex
Male
Female
Different differentiation
Well
Moderate
Poor
Stage
I
II
III
IV

P value

n

Age
<45 years
>45 years
Sex
Male
Female
Different differentiation
Well
Moderate
Poor
Stage
I
II
III
IV

MVD
high MVD

low MVD

36
61

20(55.6)
33(54.3)

16(44.4)
28(45.7)

58
39

32(55.2)
21(53.8)

26(44.8)
18(46.2)

28
36
33

12(42.9)
20(55.6)
21(63.6)

16(57.1)
16(44.4)
12(36.4)

9
38
32
18

5(55.6)
20(52.6)
18(56.3)
10(55.6)

4(44.4)
18(47.4)
14(43.7)
8(44.4)

+ n(%)

- n(%)

36
61

26(72.2)
42(68.8)

10(27.8)
19(31.2)

Variable

58
39

41(74.1)
27(68.9)

17(25.9)
12(31.1)

VEGF
Expression

28
36
33

15(51.1)
26(72.2)
27(81.8)

13(48.9)
10(27.8)
6(18.2)

P<0.05 vs VEGF (-) group.

9
38
32
18

7(77.8)
27(71.1)
23(72.2)
11(61.5)

2(22.2)
11(28.9)
9(27.8)
7(38.5)

P value

0.028

P<0.05 vs Well differentiated group.
Table 3 Relationship between MVD and VEGF expression

0.014

P<0.05 vs Well differentiated group.

Microvascular density (MVD)
Any single brown-stained cell that indicates an endothelial cell
stained with CD34 was counted as a single vessel (Figure 2).
The median MVD was 187.6±17.3. A significant correlation
was found between the MVD and different grade (0.028), and
there was no significant relationship between the MVD and
age, sex, and stage (Table 2).

(+)
(-)

MVD

P value

213.4±12.8
138.7±19.4

0.027

Table 4 Multivariate analysis of overall survival by Cox proportional hazards model
Variable

Categories

Hazard ratio

SEM

Age
Sex

P value

>45 years versus <45 years

1.877

0.3796

Male versus female

1.216

0.4071

Differentiation Poor versus others

2.361

0.2438

0.0217

Stage

I, II versus III, IV

2.973

0.1976

0.0012

VEGF

(+) versus (-)

1.164

0.3874

MVD

>187.6 versus <187.6

2.526

0.2126

0.0314

P<0.05 vs Stage I, II group.

Association between VEGF expression and MVD
The MVD in the VEGF positive group was 213.4±12.8, and
that in the negative group was 138.7±19.4. MVD in the VEGF

Zheng S et al. VEGF and neovascularization in colorectal cancer

positive group was higher than that in the negative group
(P=0.027) (Table 3).

Multivariate analysis
Upon multivariate analysis of all patients, the significant
variables were stage, tumor grade and MVD. Age, sex, VEGF
expression were not independent prognostic factors (Table 4).
DISCUSSION
Microvascularity is important in cancer growth and metastasis
because it is involved in the transport of various nutrients to the
tumor cells[1,2]. In this process of tumor growth and angiogenesis
numerous angiogenic factors are involved. In recent years several
of these factors have been identified [3-6]. One of the most
important regulators of angiogenesis is VEGF. It induces the
vascular stroma not only as a direct endothelial cell mitogen,
but also as a potent mediator of microvessel permeability. This
ability of VEGF to induce fenestrations on microvessels has
been demonstrated in experimental tumors[7,8].
The VEGF is overexpressed in a variety of benign tissues
and malignant human tumors. The expression of VEGF
suggests that it plays a role in luminal secretion by increasing
local vascular permeability[9]. In neuroendocrine tumors the
high levels of VEGF expression could indicate a role for VEGF
in the release of gastrointestinal hormones through the
regulation of baseline permeability of the normal
microcirculation[10]. The high level of VEGF expression in
some malignant tumors, such as breast cancer, non-small cell
lung cancer, bladder cancer and gastric cancer, is a
characteristic feature of these tumors. Several studies have
demonstrated that high microvessel density is a useful indicator
for poor prognosis in these cancers[11-15].
CD34 antigen is expressed on immature human
haematopoietic precursor cells and is progressively lost during
maturation[16,17]. In normal resting tissues, anti-CD34 antibodies
are predominantly neated with the luminal endothelial
membrane, whereas the abluminal membrane is negative or
only weakly positive. In contrast, significant staining of the
endothelial abluminal microprocesses (EAM) has been found
in tumor stroma[18]. It has been shown that CD34 is a marker
for EAM during angiogenesis and the antigenicity of CD34 is
preserved by freezing, or ethanol, and formalin fixation[19].
Microvessel density (MVD) and expression of VEGF act
as a highly specific inducer of angiogenesis. Strong VEGF
expression and high MVD are considered important parameters
of tumor angiogenesis and related to poor survival probability
in vulvar cancer patients[20,21]. In primary breast cancer, MVD
and VEGF serve as a parameter for determining tumor
biological, metastatic potential and prognosis[22]. VEGF is
highly related to angiogenesis of gastric carcinoma and
promotes growth, invasion and metastasis of gastric carcinoma,
VEGF expression and MVD are predictors for the biological
behavior of gastric carcinoma[21,23]. In primary liver cancer,
besides tumor stage, satellite nodules and portal vein embolus,
the MVD and VEGF expressions are also of prognostic
significance [24]. Intense VEGF staining was found in the
majority of advanced primary SCCs, lymph node metastases,
and human SCCs in severe combined immunodeficent mice,
where no dysplasia, CIS, or early SCCs showed intense
immunostaining. Suggesting a role for VEGF in both clinical
and experimental HNSCC[25,26]. By univariate analysis, VEGF
expression and MVD in the biopsy specimens were significant
predictors of bladder cancer recurrence. By multivariate
analysis, only VEGF expression was an independent prognostic
factor [27]. The metastatic potency of NPC tissue and the
prognosis of the patients with NPC could be estimated by
measuring MVD and the expression of VEGF in NPC tissue[28].
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Previously it was demonstrated that in prostate tumors,
angiogenesis measured as microvessel density (MVD) was
associated with tumor stage as well as WHO grade and was an
independent predictor of clinical outcome. Vascular endothelial
growth factor (VEGF) is a major inducer of angiogenesis[29].
The relationship between VEGF expression and MVD in
ovarian carcinoma suggests that in conjunction with the
established clinicopathologic prognostic parameters of ovarian
carcinoma, VEGF expression may enhance the predictability
of patients at high risk for tumor progression who are potential
candidates for further aggressive therapy [30]. But MVD in
synovial sarcomas did not correlate with prognosis or VEGF
expression, angiogensis in synovial sarcoma might be
controlled by angiogenesis activators other than VEGF[31]. In
patients with invasive cervical cancer VEGF expression has
no prognostic value in contrast with the MVD[32].
In this study, we found positive VEGF staining was obtained
in 68 out of 97 cases (70.1 %), VEGF immunoactivity was
observed mainly in the cytoplasm of tumor cells, and also
frequently in stromal cells. VEGF expression was more intense
in poorly differentiated adenocarcinoma in comparison with
other tumors, but there was no significant correlation between
VEGF expression and age, sex and stage. A significant
correlation was found between the MVD and different grade,
and there was no significant relationship between the MVD
and age, sex, and stage. MVD in the VEGF positive group
was higher than that in the negative group. Upon multivariate
analysis, the significant variables were stage, tumor grade and
MVD; VEGF expression was not an independent prognostic
factor. We conclude that MVD but not VEGF expression has
prognostic value in colon cancer.
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Abstract
AIM: To investigate the effects of KAI1/CD82 on biological
behavior of colorectal carcinoma cells.
METHODS: KAI1 cDNA was transfected into highly
malignant colorectal carcinoma cell line, LoVo, which had
low level of endogenous KAI1 expression, and established
stable transfectant clones with high KAI1/CD82 expression.
The cell-cell adhesion, cell aggregation, cell-matrix adhesion
and cell invasion assay were performed to determine whether
KAI1 transfectant could have an effect on proliferation,
adhesion and tumor metastasis in comparison with the
control transfectant cells.
RESULTS: KAI1 expression did not alter in vitro cell
proliferation. But the KAI1 transfectant cells exhibited
significantly increased homotypic cell-cell adhesion and cell
aggregation in comparison with the control transfectant cells
(P<0.05). Furthermore, KAI1 expression significantly
suppressed the cell adhesion to extracellular matrix
components and in vitro cell invasion in KAI1-transfected
LoVo cells. The data indicated that KAI1 expression
significantly suppressed the metastatic potential of KAI1transfected LoVo cells.
CONCLUSION: Our results suggest that KAI1 might
function as a negative regulator of colorectal carcinoma
metastasis.
Liu L, Wu DH, Li ZG, Yang GZ, Ding YQ. Effects of KAI1/CD82
on biological behavior of human colorectal carcinoma cell line.
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INTRODUCTION
KAI1, a newly identified metastatic suppressor gene for
prostatic cancer, is located on human chromosome 11p11.2. It
was originally isolated by Dong in 1995[1,2]. KAI1 mRNA, is
ubiquitously expressed with abundant expression in the surface

epithelium of the major epithelial tissues, including prostate,
breast, bladder, and gastrointestinal tract[3, 4]. Its protein product,
CD82, belongs to TM4SF (transmembrane four superfamily)
or TST (tetra span transmembrane) superfamily, many of
which, including KAI1, are CD antigens present on the surface
of leukocytes[5, 6]. Four hydrophobic transmembrane domains
and one large extracellular hydrophilic domain containing 3
potential N-glycosylation sites are thought to function in cellcell and cell-matrix interactions. At least three TM4SF
members are implicated in metastasis, including CD9/MRP1, CD63/ME491, and CD82/KAI1[7]. KAI1 and other TM4SF
members have been demonstrated to bind to each other,
integrins, and E-cadherin, and other surface molecules to relay
extracellular signals to signal transduction pathways that are
important in cellular adhesion, invasive motility, and metastasis
suppression[8-10].
The role of KAI1 in tumor progression may not be limited
to prostatic cancer. It was reported to be important in preventing
the development of metastases in a wide variety of human tumor
types, including several cancers such as cervical[11], breast[12],
pancreatic[13], esophageal[14], and ovarian cancer[15]. Therefore,
we transfected KAI1 plasmid into highly malignant colorectal
carcinoma cell line, LoVo, and examined cell proliferation,
adhesion and invasion. The aim of this study was to determine
whether KAI1could suppress the invasive or metastatic ability
of colorectal carcinoma cells.

MATERIALS AND METHODS
Cell lines and culture conditions
LoVo cell line was derived from human colon adenocarcinoma
established from the metastatic nodule resected from a 56-yearold Caucasian man with colon adenocarcinoma in 1972.
ECV304 cell line was derived from human umbilical cord
transformed endothelium. Both cell lines were cultured in
RPMI-1640 medium supplemented with 10 % heat-inactivated
fetal bovine serum (FBS) and 100 U/ml penicillin/streptomycin.
All cells were grown in 5 % CO2 humidified atmosphere at
37 , and harvested for analysis at 80-90 % confluency.
Transfection and selection of the expressing cells
pCMV-KAI1 plasmid was a generous gift from Carl Barrett.
1.6 kb KAI1cDNA inserting at salI sites was inserted into the
xhoI site of pCMV-neo-xhoI vector to construct pCMV-KAI1.
This plasmid was transfected into LoVo cell using the cationic
polymer transfection reagent(jetPEI trasfection reagent was
purchased from Dakewe Biotechnology Company). The
transfection proposal was as follows: the cells were plated at
6-well plate 1d before the transfection. 3 µg pCMV-KAI1
plasmid was diluted to 100 µl 150 mM NaCl and 6 µl jetPEI
solution was diluted to 100 µl 150 mM NaCl. 100 µl jetPEI
solution was added to the 100 µl DNA solution and vortex the
solution immediately. Then the mixture was added drop-wise
onto the serum containing medium in each well after incubated
for 30 min at room temperature. After incubated for 48 h at
37 , 5 % CO2 in a humidified atmosphere, the transfectants
named LoVo-KAI1 were isolated by growing them in G418containing medium (700 µg/ml) and G418-resistant clones
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were established in two weeks. The pCMV-neo (purchased
from Stratagene Company) vector alone was also transfected
into LoVo cells to generate neo transfected control clones,
designated as LoVo-neo.

In situ hybridization (ISH) assay
To prepare digoxigenin-labeled KAI1-DNA probes for in situ
hybridization, PCR amplification was performed with a
forward primer 5’-AGTCCTCCCTGCTGCTGTGTG-3’ and
reverse primer 5’-TCAGTCAGGGTGGGCAAGAGG-3’ and
a 1 030 bp KAI1 fragment was achieved[16]. The probes was
labeled by Dig DNA Labeling and detecting Kit (purchased
from Roche Company). Blot hybridization of Dig-labeled
probe showed the labeling efficiency. ISH was performed
according to the description of the enhanced sensitive ISH
detection kit (purchased from Boster Biotechnology Company).
Briefly, the cells that were incubated in cover slip for 24 hour
and fixed with 95 % ethanol were washed with PBS (phosphatebuffered saline) three times. The endogenous peroxidases were
blocked by incubating with 0.5 % H2O2 for 30 min at room
temperature. The cells were subsequently treated for 10 min
with triton X-100 and for 40 s with 3 % pepsin. At 37
the
cells were prehybridized for 3 h and hybridized overnight. The
final concentrations of the labeled probes were 150 pg/µl. After
hybridization, excess probe was removed by washing in
2×SSC, 0.5×SSC, 0.2×SSC respectively. The cells were
incubated with an antidigoxigenin antibody conjugated biotin
for 120 min at room temperature and then added strept-avidin
b io t in c o m p le x f o r 3 0 m i n . Fo r c o lo r r e a ct i o n ,
diaminobenzidine (DAB) was used. If the ISH signals were
present, the cytoplasm would be full of brown granules. The
control was LoVo-neo cell group.
Immunohistochemistry (IHC) assay
The fixed cells were subjected to immunostaining by using an
ultrasensitive S-P technique (Maixin Biotechnology Company).
Endogenous peroxidases were blocked by incubating with
0.5 % H2O2 for 30 min at room temperature. The cells were
subsequently treated for 10 min with triton X-100 and for 40 s
with 3 % pepsin. The cells were incubated for 30 min at 37
with normal nonimmune serum before incubation at 4 with
specific monoclonal KAI1-antibody (BD Pharmingen Technical
Company) used at a dilution of 1:100 overnight. The cells were
then treated with biotin-conjugated second antibody before
adding streptavidin-peroxidase. For color reaction,
diaminobenzidine was used. If the IHC signals were present,
the cytoplasm and membrane were stained brown. The control
was LoVo-neo cell group.
Growth curve
LoVo-KAI1 Cells were prepared by trypsinization. The cells were
resuspended at a concentration of 104 cells/ml in RPMI 1640 10 %
FCS and then 100 µl aliquots were dispensed into 96 well
microtiter plates. The cells were incubated for 1,2,3,4,5,6 day
respectively and MTT assay was performed by adding 20 µl MTT
(5 mg/ml) for 4 h. When the MTT incubation was completed, the
supernatants were removed. 150 µl dimethyl sulfoxide (DMSO)
was added to each well. The A value of each well was measured
with a microplate reader at 570 nm 15 min later. All experiments
were performed in triplicate. The control was LoVo-neo cell group.
Cell-cell adhesion assay
Cell-cell adhesion assays were performed using 96-well plates.
The cells were cultured in 96-well plates and in confluence
without vacant space. Other homotypic cells were harvested
with 0.25 % trypsin and resuspended to a density of 105 cells/
ml in RPMI-1640 without FCS. Then the cells of 100 µl were
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added into each well with already cultured homotypic cells
and recoverd for 60 min,90 min at 37 . Non-adherent cells
were collected by gentle washing with PBS and the washed
cells were counted. The number of cell-cell adhesion was
calculated using the following formula: The number of cellcell adhesion=total number of added cells-the number of cells
being washed. The experments were performed in triplicate
and repeated three times. The control was LoVo-neo cell group.

Cell-cell aggregation assay[17]
12-well plate was coated with 1 % agar. And then single cell
suspension (105/ml) was washed by PBS three time after the
cells were detached from the culture flasks with 0.25 % trypsin.
The cells (1 ml) were added to 12-well plate and incubated at
37
with rotary shaking (70 r/min) for 5 h. The number of
single cell was counted by haemocytometer. The cell-cell
aggregation rate was then measured as ((total number of
cells-single cells)/(total number of cells))×100 %.
Cell-matrix adhesion[18]
96-well plates were incubated with 75 µl fibronectin (50 µg/
ml) for 45 min and blocked with BSA(10 mg/ml). The cells
were harvested as described for cell-cell adhesion assay. The
cells (10 5 cells/ml) of 100 µl were added to each well and
allowed to attach 2 h at 37 . After washed with PBS twice to
withdraw the non-adherent cells, 20 µl MTT was added for 4
h and 200 µl DMSO was added as above. The value of each
well was measured with a microplate reader at 570 nm 15 min
later. The experments were performed in triplicate. The control
was LoVo-neo cell group.
In vitro invasion assay
This assay was based on the principle of Boyden chamber[19].
The top and bottom of Boyden chamber (Corning Company)
were separated by polycarbonate filter with 8 µm pore size.
The top chamber was prepared by coating the filter with 50 µg
of diluted matrigel and incubated for 30 min. The bottom
chamber was prepared with 5 % FBS as a chemoattactant. After
24 h, 48 h incubation, the noninvasive cells were removed with
a cotton swab. The cells that had migrated through the membrane
and stuck to the lower surface of the membrane were fixed with
methanol and stained with hematoxylin. For quantification, the
cells were counted under a microscope in five predetermined
fields at ×200. The control was LoVo-neo cell group.
Monolayer cells invasion assay
ECV304 cells were cultured in cover slip and confluence
without vacant space. LoVo-KAI1 cells were harvested with
0.25 % trypsin and resuspended to a density of 105 cells/ml in
RPMI-1640 with 2 % FBS and 105 cells were added to the
surface of ECV304 cells. After interaction for 24 h, the cells
were washed with PBS and fixed immediately with 95 %
ethanol. The cells that had migrated through the ECV304 cells
and grown under ECV304 cells were counted. For
quantification, the cells were counted under a microscope in
five random fields at ×200. The experments were performed
in triplicate and the control was LoVo-neo cell group.
Statistical analysis
The comparison was made using Student t-test with a single
contrast of LoVo-neo. The P value <0.05 was considered to
be significant.
RESULTS
Transfection of KAI1 cDNA and selection of stable clones
To clarify whether KAI1 could suppress colorectal cancer
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invasion and metastasis, we transfected KAI1 full-length
cDNA into colorectal carcinoma LoVo cell lines. An
expression vector was transfected as a negative control. After
transfection and G418 selection for two weeks, 10 of each
growing clone were picked and screened to confirm the
transgene by in situ hybridization and immunohistochemistry.
The probes for ISH were about 1 000 bp. (Figure 1). The blot
hybridization was used to evaluate the efficiency of Diglabeling probe (Figure 2). KAI1 mRNA expression in LoVoKAI1 cell was located in the cytoplasm by in situ
hybridization. LoVo-KAI1 cells were full of brown granules,
but the LoVo-neo cells were negative (Figure 3). KAI1
protein expression was detected by immunohistochemistry
and located in the cytoplasm and membrane. LoVo-KAI1
cells displayed positive immunostaining and LoVo-neo cells
displayed negative staining (Figure 4). The results suggested
that KAI1 was expressed in mRNA and protein level.
M

1
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Figure 3 Expression of KAI1 in LoVo-KAI1 cell and LoVo-neo
cell by in situ hybridization. The left picture: Expression of
LoVo-KAI1 cells (×400) showed that the positive expression
(brown granule) located in cytoplasm. The right picture: Expression of LoVo-neo cells (×400) was negative.
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Figure 1 1 % gelose electrophoretogram of the product of PCR
(1 030 bp). M: PCR marker; 1: PCR procuct.
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Figure 2 Blot hybridization of Dig-labeled probe to show the
labeling efficiency. Column 1: Dig-labeling probe; Column 2:
standard control (unit: pg/µl).

Growth curve
Growth curve showed LoVo-KAI1 cells and LoVo-neo cells
existing no difference in proliferation ability (Figure 5). The
result demonstrated that KAI1 gene had no effect on cell
proliferation ability.
Cell-cell adhesion assay
After interaction of homotypic cells in 60 min and 90 min, cellcell adhesion was analyzed (Figure 6). These data suggested
KAI1 gene could increase adhesion of homotypic cells.
Cell-cell aggregation assay
Aggregation observed in the LoVo-KAI1 cells was very
different from that of the LoVo-neo cells. The LoVo-KAI1
cells formed large multicellular aggregates containing many
cells, whereas the aggregates formed by LoVo-neo cells were
much smaller and rarely contained more than a few cells
(Figure 7).The number of LoVo-KAI1 cells aggregation
(64.8±4.4) was much larger than that of LoVo-neo cells
(58.6±3.5) (P<0.05).

Figure 4 Expression of CD82 in LoVo-KAI1 cells and LoVoneo cells by immunohistochemistry. The left picture: Detection of LoVo-KAI1 cells (× 400) was positive, the cytoplasm
and the membrane were stained brown. The right picture:
Detection of LoVo-neo cells (×400) was negative.

Cell-matrix adhesion assay
All LoVo-neo cells attached to fibronectin and the surface of
fibronectin appeared the phenomena of degradation while
most LoVo-KAI1 cells attached to fibronectin and no
degradation occurred. MTT assay showed OD570 in LoVoKAI1 cells was 0.164±0.011 and OD570 in LoVo-neo cells
was 0.499±0.023. Attachment of LoVo-neo cells to
fibronectin were demonstrated to be much higher compared
to attachment of LoVo-KAI1 cells (P<0.01).
In vitro invasion assay
An in vitro cell invasion assay was performed based on the
principle of the Boyden chamber assay. The matrigel matrix
served as a reconstituted basement membrane in vitro. The
number of cells migrating through the Matrigel matrix was
counted and the result was presented in Figure 8, 9. The LoVoKAI1 cells showed significantly reduced invasiveness as
compared with LoVo-neo cells (P<0.01). These data indicated
that the enhanced expression of KAI1in LoVo-KAI1 cells was
associated with reduced invasive ability.
Monolayer cells invasion assay
After cultured for 24 h, some tumor cells had invaded the
ECV304 cells and migrated through the monolayer cells of
ECV304. The invasive number of LoVo-KAI1 cells was
6.33±1.74 and that of LoVo-neo was 17.67±4.73. The invasive
ability of the LoVo-KAI1 cells was significantly reduced
compared with that of the LoVo-neo cells (P<0.05).
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Figure 5 Growth curve of LoVo-KAI1 and LoVo-neo (P<0.05).
Cell count
2000

LoVo-KAI1
LoVo-neo

1500
1000
500
0

0

30

60

90

120

Time (minute)

Figure 6 Adhesion of homotypic cells: The cell-cell adhesion
ability in LoVo-KAI1 cells was significantly increased as compared with that of LoVo-neo cells (P<0.01).

Figure 7 The cells aggregation pictures. The left picture: The
LoVo-KAI1 cells formed large multicellular aggregates. The
right picture: The LoVo-neo cells formed smaller aggregates.
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Figure 8 The invasion assay: The invasive number of LoVoKAI1 cells was significantly reduced compared with that of
LoVo-neo cells (P<0.01).

Figure 9 The invasion ability of LoVo-KAI1 cells and LoVoneo cells by modified Boyden chamber. The left picture: LoVoKAI1 cell invasion picture (×200). The right picture: LoVo-neo
cell invasion picture (×200).

DISCUSSION
Loss of the function of metastasis suppressor genes is an
important step in the progression of a tumor type. KAI1 is
thought to be one of such metastasis suppressor genes because
it has been shown to suppress the ability of human prostatic
cancer cells to metastasize when the tumor is transplanted into
nude mice[1] and because KAI1 mRNA expression is reduced
in advanced pancreatic cancer[20], it enables the pancreatic
cancer cells to spread to lymph nodes and distant organs.
Furthermore, transfer of the KAI1 gene into mammary cancer
cells has been shown to lead to suppression of their metastatic
potential, whereas their primary tumor growth is not affected.
In our previous studies, KAI1 gene expression at protein
level was inversely correlated with the metastatic potential of
some established colorectal carcinoma cell lines. Maurer et al
also demonstrated that the progression of colorectal cancer
was associated with decreased expression of KAI1 [21]. To
further elucidate the effect of KAI1 on colorectal carcinoma
cell behavior, we transfected KAI1 cDNA into highly
malignant colon adenocarcinoma cell lines, LoVo, which have
low level of endogenous KAI1 expression. Consistent with
the studies of prostatic cancer[2], breast cancer[12] cells by Dong
and Yang, our data also indicated that KAI1 expression did
not alter in vitro cell proliferation.
To determine if KAI1 expression was reflected in changes
of intercellular adhesion, we used cell-cell adhesion assay and
cell-cell aggregation assay. We found KAI1 could increase
homotypic cells adhesion and the transfectants formed large
multicellular aggregates than non-transfected cells. In terms
of cell-matrix, our results showed that KAI1 could reduce the
transfected cells adhesion to fibronectin as compared with the
controls. Member of the TM4SF family of proteins associated
with each other and specific integrins[22], suggesting that they
might be involved in cell-cell and cell-matrix interactions.
Current thinking suggests that these interactions are involved
in the formation of multiprotein complexes within the cell
membrane that include cell surface receptors, specific integrins
and TM4SF proteins. Consequently, a reduced expression of
TM4SF proteins might reasonably be expected to have
profound effects on cell-cell and cell-matrix interactions. An
important avenue of further investigation will be to determine
precisely the functions and location of TM4SF-integrin
complexes. In this context, Berditchevski[23] has recently
provided evidence that TM4SF can modulate integrin signaling
and point to a mechanism by which TM4SF proteins regulate
cell adhesion.
Our data showed KAI1 could decrease invasive ability in
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the transfected cells to a reconstituted basement membrane
and endothelium compared to the controls. And there is also
accumulated evidence that KAI1 is involved in the reduction
of invasive tumor cells. Imai demonstrated that decreased KAI1
gene expression might be associated with increased invasive
ability of oral squamous cell carcinoma[24]. Takaoka’s study
also suggested that reduced KAI1 gene expression might
contribute to the invasiveness and metastatic ability of colon
cancer cells[25]. How does reduced TM4SF expression cause
changes of invasive ability in tumor cells? It was
hypothesized that tetraspanins might be implicated in the
assembly of integrin-containing signaling complexes, thus
modulating the function of integrin receptors in cell
migration [26] . Sugiura’s results indicated that integrintetraspanin protein complexes played an important role in
regulating protrusive activity of the tumor cells and
contributed to ECM-induced production of MMP-2, and as
a consequence, the invasive ability of cells[27].
Our in vitro study are consistent with in vivo observations
that reduced KAI1 expression is associated with invasive
human colorectal carcinoma. Muneyuki and Lombardi found
that KAI1 expression was closely correlated with
clinicopathological factors for colorectal cancers and appeared
to be a useful prognostic marker[28-30].
KAI1 has been extensively studied for its involvement in
the progression of different human cancers. The mechanism
of down-regulation is also analyzed although it exists much
debate. Mashimo recently found a putative p53 consensusbinding site within the promoter region of KAI1 and
demonstrated that the loss of p53 function, which is commonly
observed in many types of cancer, leads to the down-regulation
of KAI1 gene, which may result in the progression of
metastasis [31]. But Uzawa’s data suggest that the downregulation of KAI1 is not associated with either mutation, allelic
loss, methylation of the promoter, or p53 regulation[32]. Our
previous study also demonstrated that mutation of KAI1 gene,
methylation of CpG islands and abnormality of p53 were not
related to low expression of KAI1.
Our results demonstrated a significantly increased adhesion
to homotypic cells and decreased adhesion to extracellular
matrix components and lower level of invasiveness. In
conclusion, KAI1 has a close relationship with tumor adhesion
and invasion and the effect of KAI1 appears to be directly
targeted on tumor metastasis. Through our studies, we wish
colorectal carcinoma cells would be more homotypical
adheson, less adhesive to matrix, less invasive[33] that are
necessary for metastasis.
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Abstract
AIM: Cyclooxygenase-2 is involved in a variety of important
cellular functions, including cell growth and differentiation,
cancer cell motility and invasion, angiogenesis and immune
function. However, the role of cyclooxygenase-2 as an
angiogenic factor in colorectal cancer tissue is still unclear.
We investigated the relationship between cyclooxygenase2 and angiogenesis by analyzing the expression of
cyclooxygenase-2 in colorectal cancer tissue, as well as its
association with vascular endothelial growth factor (VEGF)
and microvascular density (MVD).
METHODS: The expression of cyclooxygenase-2, VEGF, as well
as MVD was detected in 128 cases of colorectal cancer by
immunohistochemical staining. The relationship between the
cyclooxygenase-2 and VEGF expression and MVD was evaluated.
Our objective was to determine the effect of cyclooxygenase2 on the angiogenesis of colorectal cancer tissue.
RESULTS: Among 128 cases of colorectal cancer, 87 were
positive for cyclooxygenase-2 (67.9 %), and 49 for VEGF
(38.3 %), respectively. The microvessel counts ranged from
23 to 142, with a mean of 51.7 (standard deviation, 19.8). The
expression of cyclooxygenase-2 was correlated significantly with
the depth of invasion, stage of disease, metastasis (lymph node
and liver), VEGF expression and MVD. Patients in T3-T4, stage
III-IV and with metastasis had much higher expression of
cyclooxygenase-2 than patients in T1-T2, stage I-II and without
metastasis (P<0.05). The positive expression rate of VEGF
(81.6 %) in the cyclooxygenase-2 positive group was higher
than that in the cyclooxygenase-2 negative group (18.4 %,
P<0.05). Also, the microvessel count (56±16) in
cyclooxygenase-2 positive group was significantly higher than
that in cyclooxygenase-2 negative group (43±12, P<0.05). The
microvessel count in tumors with positive cyclooxygenase-2
and VEGF was the highest (60±18, 41-142, P<0.05), whereas
that in tumors with negative cyclooxygenase-2 and VEGF was
the lowest (39±16, 23-68, P<0.05).
CONCLUSION: Cyclooxygenase-2 may be associated with
tumor progression by madulating the angiogenesis in
colorectal cancer tissue and used as a possible biomarker.
Xiong B, Sun TJ, Yuan HY, Hu MB, Hu WD, Cheng FL.
Cyclooxygenase-2 expression and angiogenesis in colorectal
cancer. World J Gastroenterol 2003; 9(6): 1237-1240

http://www.wjgnet.com/1007-9327/9/1237.asp

INTRODUCTION
Angiogenesis has been postulated to play an important role
in the development of malignant tumors [1-5]. Increased
vascularity may allow not only an increase in tumor growth
but also a greater chance of hematogenous tumor
embolization[6]. An association between poor prognosis and
increase in microvascular density (MVD) of tumor has been
reported in certain tumors[7-10]. This neoangiogenesis depends
on the production of angiogenic factors by tumor cells and
normal cells[11-15].
Cyclooxygenase (COX) is a key enzyme in prostaglandin
biosynthesis[16]. Two COX isoforms, COX-1 and COX-2,
have been identified. COX-1 is constitutively expressed and
involved in general cell functions, whereas COX-2 is an
inducible enzyme that is up-regulated in response to various
stimuli, including growth factors and mitogens [17-22]. An
enhanced expression of COX-2 has been found in many
tumors, such as the lung, the breast, the esophagus and colon
cancer[23-26]. Recent studies have demonstrated that COX-2 could
affect carcinogenesis via several different mechanisms[27-35].
COX-2 has been also reported to induce angiogenesis[36-39].
COX-2 may be related to development of colorectal cancer,
however, its association with angiogenesis in colorectal
cancer tissue still remains unclear. To determine the role of
COX-2 expression in angiogenesis of colorectal cancer, we
examined the VEGF and MVD in colorectal cancer tissue,
and then compared the findings with the expression of COX2 protein.
MATERIALS AND METHODS
Patients
A total of 128 cases of colorectal adenocarcinoma patients
who had undergone surgical resection in the Affiliated
Zhongnan Hospital of Wuhan University (Wuhan, China) from
January 1999 to September 2002 were included, COX-2,
VEGF immunohistochemical staining and MVD counting
were performed. There were 73 men and 55 women, and their
age ranged from 23 to 74 years (means, 56±11 years). Among
the 128 patients, 26 were well differentiated adenocarcinoma,
57 moderately differentiated adenocarcinoma and 45 poorly
differentiated adenocarcinoma. According to Duke’s staging
criteria, 37 cases were stage I,41 stage II, 39 stage III and 11
stage IV.
Methods
Immunohistochemistry: All the tissue specimens were fixed
in 100 mL·L-1 neutral formalin and embedded in paraffin.
Five-µm thick sections were dewaxed in xylene and
dehydrated in ethanol. Tissue sections were washed three
times in 0.05 moL·L-1 PBS, and incubated in endogenous
peroxidase blocking solution. Non-specific antibody binding
was blocked by pretreatment with PBS containing 5 g·L-1
bovin serum albumin. Sections were then rinsed in PBS and
with diluted anti-COX-2, antiincubated overnight at 4
VEGF and anti-CD34 antibodies. The steps were performed
using immunostain kit according to the manufacturer’s
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instructions. PBS was used as substitutes of antibody for
negative control. The sections were examined under light
microscope. Anti-VEGF polyclonal antibody and anti-CD34
monoclonal antibody were purchased from Bosden Co.
(Wuhan, China). Anti-COX-2 polyclonal antibody was
purchased from Santa Cruz Co. (USA). S-P detection kit was
purchased from Fuzhou Maixin Co. (Fuzhou, China). AntiCOX-2 polyclonal antibody was diluted to 1:75. Anti-VEGF
polyclonal antibody and anti-CD34 monoclonal antibody
were impromptu type.
Results: Positive evaluation for COX-2 was performed
according to the following scoring system[16]: staining intensity
was graded as weak (1), moderate (2), or strong (3), and area
of staining positivity as <10 percent (0) of all cells stained in
the cytoplasm as viewed by microscope, 10 to 40 percent (1),
40 to 70 percent (2), or 70 percent (3). A total for grade and
area of 3 or more was defined as positive expression and less
than 3 as negative. Positive signal for VEGF was located in
the cytoplasm or/and cell membrane[2]. Immunoreactivity was
graded as follows: +, 10 percent stained tumor cells; -, <10
percent stained tumor cells [2]. The microvessel counting
procedures have been described in the published studies[2].
Briefly, the stained sections were screened at a magnification
of ×100 (×10 objective and ×10 ocular lens) under a light
microscope to identify 3 regions of the section with the highest
microvessel density. Microvessels were counted in these areas
at a magnification of ×200, and the average numbers of
microvessels were recorded. The average number is known as
MVD of the tumor.

Statistical analysis
The difference between each group was analyzed by Chi-square
test. P<0.05 was considered significant.
RESULTS
COX-2 expression in colorectal cancer and clinicopathologic
findings
COX-2 was expressed in the cytoplasm of cancer cells (Figure
1). COX-2 expression in primary tumor was noted in 67.9 %
(87/128). The correlation between COX-2 expression and the
clinicopathologic findings is shown in Table 1. The expression
of COX-2 was significantly correlated with depth of invasion,
stage of disease, metastasis (lymph node and liver). Patients
in T3-T4, stage III-IV, with metastasis had much higher COX2 expression than patients in T1-T2, stage I-II, without
metastasis (P<0.05). The expression of COX-2 was not
correlated with age, gender and differentiation degree of the
tumor (P>0.05).
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Table 1 Clinicopathologic characteristics of colorectal cancer
with expression of COX-2
Variable

Sex
Male
Female
Age(y)
Histological differentiation
Well
Moderate
Poor
Depth of invasion
T1-T2
T3-T4
Metastasis
Present
Absent
Duke’s stage
A
B
C+D
VEGF expression
Positive
Negative
MVD (x±s)
a

n

COX-2
Positive n(%)

COX-2
Negative n(%)

73
55

50(68.5)
37(67.3)
54±12

23(31.5)
18(32.7)
56±15

26
57
45

17(65.4)
40(70.2)
30(66.7)

9 (34.6)
17(29.8)
15(33.3)

81
47

48(59.3)
39(83.0)

33(40.7)
8 (17.0)a

50
78

42(84.0)
45(57.7)

8 (16.0)
33(42.3)a

37
41
50

15(40.5)
28(68.3)
44(88.0)

22(59.5)
13(31.7)
6 (12.0)a

49
79

40(81.6)
47(59.5)
56±16

9 (18.4)
32(40.5)a
43±12a

P<0.05, vs positive.

Relationship between COX-2 and VEGF expression and MVD
VEGF was localized mainly in the cytoplasm and cell
membrane of the tumor cells (Figure 2). VEGF expression
was detected in 49 tumors (38.3 %), and COX-2 expression
was correlated closely with VEGF expression (Table 1). The
positive expression rate of VEGF (81.6 %) in the COX-2
positive group was higher than that in the COX-2 negative
group (18.4 %) (P<0.05).

Figure 2 VEGF expression mainly in cytoplasm and membrane of tumor cell, S-P, ×400.

Figure 1 Expression of COX-2 mainly in cytoplasm of tumor
cells, S-P, ×400.

The number of microvessel counts in all cases was 23-142
(x±s, 50±19). Moreover, the microvessel counts were 56±16
in COX-2 positive tumors and 43±12 in COX-2 negative
tumors (P<0.05, Table 1). COX-2 expression, VEGF
expression and MVD were significantly correlated with one
another (r=0.5635, 0.2812, 0.5253, respectively. P<0.05). The
microvessel counts in tumors with both positive COX-2 and
VEGF were the highest (60±18, 41-142; P<0.05).The
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microvessel counts in tumors with both negative COX-2 and
VEGF were the lowest (39±16, 23-68; P<0.05). The
microvessel counts in tumors with positive COX-2 and negative
VEGF were 50±16 (29-130), and that in tumors with negative
COX-2 and positive VEGF were 51±18 (30-132), lower than
that in tumors with both positive COX-2 and VEGF (P<0.05).
The microvessel counts in tumors with positive COX-2 and
negative VEGF were not different from that in tumors with
negative COX-2 and positive VEGF (P>0.05).

DISCUSSION
Angiogenesis is essential for tumor growth and metastasis. The
process of angiogenesis is the outcome of an imbalance
between positive and negative angiogenic factors produced
by both tumor cells and normal cells. Numerous angiogenic
factors have been described. Of these, VEGF plays a key role
in the angiogenesis in colorectal cancer[1-15]. VEGF is a multifunctional cytokine, and has direct relationship with
angiogenesis. The factors that regulate VEGF expression in
tumor and non-tumor cells have now been elucidated[10-28].
COX-2 is an inducible enzyme catalyzing the conversion of
arachidonic acid to biologically active prostanoids. COX-2
modulates the growth and function of many cells, including
those with malignant transformation. The over-expression of
COX-2 has been reported in tissue from patients with different
carcinoma, and is believed to play a role in tumor transformation
and progression, as well as in tumor regression[23-33]. Recent
experimental studies showed that COX-2 could inhibit cell
apoptosis, regulate angiogenesis, and was associated with
matrix metalloproteinases (MMP)[16-48]. Uefuji et al[45] studied
the correlation of COX-2 and angiogenesis of gastric cancer,
and found COX-2 might regulate angiogenesis.
COX-2 was overexpressed in approximatly 80 percent of
colorectal cancer cases [16] , but the role of COX-2 in
angiogenesis of colorectal cancer tissue has not been identified
yet. This study found that the expression of VEGF and MVD
in positive COX-2 group was significantly higher than that in
COX-2 negative group. The expression of COX-2 was
significantly correlated with the expression of VEGF. It
demonstrated that COX-2 might be correlated indirectly with
angiogenesis through an up-regulation of the expression of
VEGF. The expression of COX-2 was also significantly
correlated with MVD in colorectal cancer. It indicates that
COX-2 may modulate angiogenesis directly or indirectly
through up-regulating the expression of other angiogenic
factors. The microvessel counts in tumors that were both
positive COX-2 and VEGF were the highest of all. It suggests
that COX-2 and VEGF may co-modulate angiogenesis.
COX-2 expression was detected in 87 tumors (67.9 %).
The expression of COX-2 was correlated significantly with
the depth of invasion, stage of disease and metastasis (lymph
node and liver). Patients in T3-T4, stage C-D and with
metastasis had much higher expression of COX-2 than patients
in T1-T2, stage A-B and without metastasis (P<0.05). It
suggests that COX-2 is closely related to the invasion and
metastasis of colorectal cancer, and COX-2 may be used as a
possible biomarker.
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Abstract
AIM: TRAIL (tumor necrosis factor-related apoptosisinducing ligand) has been reported to specifically induce
apoptosis of cancer cells although only a small percentage
of cell lines were sensitive to it. Cell lines not responding to
TRAIL in vitro were said to be more prone to apoptosis
when TRAIL was combined with another anticancer agent.
Generally, factors affecting drug-sensitivity involve many
apoptosis-related proteins, including p53. The expression
of wild-type p53 gene was proposed as an important premise
for tumor cells responding to chemotherapy. The present
study was to investigate the cell killing action of TRAIL on
colon cancer cell line SW480, its synergistic effect with
doxorubicin, and the possible mechanisms.
METHODS: SW480 cells were cultured in the regular
condition and incubated with different levels of agents.
Morphologic changes in these cells after treatment were
observed under phase-contrast microscope and cytotoxicity
by TRAIL alone and in combination with doxorubicin was
quantified by a 1-day microculture tetrazolium dye (MTT)
assay. In addition, flow cytometry assay (FCM) and
transmission electron microscopy were used to detect
apoptosis among these cells. Variation of p53 protein level
among different groups according to concentrations of agents
was measured by Western blot assay.
RESULTS: (1) SW480 cells were not sensitive to TRAIL,
with IC50>1 mg·L-1 and dose-independent cytotoxicity. (2)
SW480 cells were sensitive to doxorubicin at a certain degree,
with dose-dependent cytotoxicity and IC50=65.25±3.48
µmol·L-1. (3) TRAIL could synergize with doxorubicin to kill
SW480 cells effectively, which was represented by the
boosted killing effect of doxorubicin on theses cells. IC50 of
doxorubicin against SW480 cells sharply reduced when it
was combined with TRAIL. (4) Subtoxic TRAIL (100 µg·L-1),
combined with subtoxic doxorubicin (0.86 µmol·L-1), could
kill SW480 cells sufficiently. Cytotoxicity by MTT assay
arrived at 80.12±2.67 %, which was significantly higher
than that by TRAIL or doxorubicin alone, with P=0.006 and
0.003 respectively. This killing effect was partly due to
apoptosis. It was proved by large amounts of apoptotic
cells under phase-contrast microscopy, cell apoptosis rate
of 76.82±1.93 % by FCM assay and typical apoptotic

morphology observed through transmission electron
microscopy. Increase of apoptosis after combined treatment
had no relation with protein level of p53 (P>0.05).
CONCLUSION: SW480 cells are not sensitive to TRAIL, but
TRAIL can synergize with lower concentration of doxorubicin
to induce apoptosis effectively. The status of p53 protein is
not involved in the mechanism of synergistic apoptosis. It
suggests the potential therapeutic applicability of the
combination of TRAIL with doxorubicin against colon cancers.
Xu LH, Deng CS, Zhu YQ, Liu SQ, Liu DZ. Synergistic antitumor
effect of TRAIL and doxorubicin on colon cancer cell line SW480.
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INTRODUCTION
The rapid induction of apoptosis by TRAIL (tumor necrosis
factor-related apoptosis-inducing ligand) preferentially in
tumor cells but not in normal cells has implied its potential use
in therapy of malignancies[1,2]. Recent studies indicated that
many cancer cells in vitro were resistant to apoptosis-inducing
effect of TRAIL[3,4]. Enhancement of the antitumor activity of
TRAIL by metabolic inhibitors has led to later studies
encompassing the augmentation of antitumor effects of several
kinds of chemotherapy or radiation therapy by TRAIL[5-13].
Doxorubicin has been the regular chemotherapeutic agents
for its strong cell killing ability. But severe systemic toxicity
limited its use in the clinical treatment of cancer. Reduction of
its dose and maintenance of its high efficacy will be necessary
in the future treatment of tumors. More efforts have been made
to explore the combination of chemodrugs with some other
agents[14].
MATERIALS AND METHODS
Materials
SW480 cell line was purchased from ATCC and maintained
in Roswell Park Memorial Institute (RPMI)-1640 medium
(Gibco) supplemented with 2 mmol·L-1 L-glutamine (Gibco),
100 kU·L-1 penicillin (Gibco), 100 g·L-1 streptomycin (Gibco)
and 100 ml·L-1 heat-inactivated fetal bovine serum (Gibco),
hereafter referred to as complete medium. Recombinant human
soluble TRAIL (rhsTRAIL) was purchased from Pepro Tech,
USA. Doxorubicin, p53 Mab and MTT were respectively from
Sigma Co, Santa Cruz Company and Amresco Co.
Methods
Cytotoxicity assay Cytotoxicity was determined by MTT
assay. In brief, the cells were cultured in 96-well microtiter
plates under 50 ml·L-1 CO2 in a humidified atmosphere at 37 .
Each well was then incubated for 4 h with MTT solution (final
concentration 0.45 g·L-1, Sigma Chemical, St.Louis, MO) under
the same condition. Culture medium in each well was discarded
and replaced with 100 µL of dissolving solution (DMSO). The
absorbance of each well was determined by a spectrophotometer
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with a 490 nm wavelength. The percentage of cell viability
was calculated by multiplying the ratio absorbance of the
sample versus the control by 100. Doxorubicin IC 50 was
determined as a doxorubicin concentration showing 50 % cell
growth inhibition as compared with control cell growth.
Antitumor activity of doxorubicin and/or TRAIL The cells
were placed at 4×104 cells/well in 96-well microtiter plates.
After 24 h culture for cell adherence to the plate, doxorubicin
and/or TRAIL were added to each well at a given concentration.
Detection of cell viability by MTT assay was performed
following further incubation of the cells with doxorubicin and/
or TRAIL for another 24 h. One well treated by the complete
medium with neither doxorubicin nor TRAIL served as a
control. The experiments were repeated in triplicate, and the
percentage of cell viability was expressed as mean ± standard
deviation.
Flow cytometry This analysis was conducted with a Facscan
flow cytometer (Becton Dickinson, Mountain View, CA). It
was to quantify cell apoptosis by the propidium iodide method.
In brief, the cells were harvested by trypsinization at 24 hours
after treatment and washed twice with PBS (pH 7.2). The
medium and PBS were placed in tubes and centrifuged. A total
of 1 ml of hypotonic buffer (propidium iodide, 50 mg·L-1, in
1 ml·L-1 sodium citrate, Rnase plus 1 ml·L-1 Triton X-100;
sigma) was added directly to the tubes and gently pipetted off.
The tubes were placed at 4
in the dark for half an hour
before flow cytometry analysis. The propidium iodide
fluorescence of individual nuclei was measured in the red
fluorescence and the data were registered in a logarithmic scale.
At least 104 cells of each sample were analyzed each time.
Apoptotic nuclei appeared as a broad hypodiploid DNA peak
before the G 1 phase of cell cycle, which was easily
distinguished from the narrow hyperdiploid DNA peak at the
G1 phase or later G2 and S phase.
Transmission electron microscopy Transmission electron
microscopy was used to observe apoptosis directly through
morphological changes at the subcellular level. In brief, the
cells were cultured in the regular condition for 24 h. Then,
TRAIL (100 µg·L-1), doxorubicin (0.86 µmol·L-1), their
combination or the complete culture medium was added to
them and maintained for another 24 h. After these, the cells
were subsequently trypsinized, harvested, fixed in glutaral,
immersed with Epon 821, imbedded in capsules and converged.
Ultrathin sections of 60 nm were finally prepared and stained
with uranyl acetate and lead citrate. Cell morphology was
measured by transmission electron microscope.
Western blot analysis for p53 protein expression p53 levels
following treatment with doxorubicin and/or TRAIL were
investigated by Western blot analysis. The cells were incubated
with the medium alone, doxorubicin alone, TRAIL alone, or
the combination of doxorubicin and TRAIL at 37 for 24 h.
The cells were lysed in a lysis buffer consisting of 1 mmol·L-1
dithiothreitol, 1 mmol·L-1 phenylmethyl sulphonyl fluoride, 5
mg·L -1 leupiptin, 1 mmol·L -1 NaF, 10 mmol·L -1 β glycerophosphate, 2 mmol·L-1 Natrium orthovanadate, 50
mmol·L-1 HEPES, 250 mmol·L-1 NaCl, 1 mmol·L-1 EDTA, and
1 % Nonidet P-40. After centrifuged for 7 min at 14 000 g, the
supernatant was collected and the total protein amount was
determined by SPECTRAmax 250. Twelve µg/lane of proteins
were boiled in a sample buffer for 1 min at 100 ,
electrophoresed in a multigel 10/20, and then transferred to
Immobilon-P membranes (Millipore). Nonspecific antibody
bindings were blocked by preincubation of the membranes for
1 h with a 5 % skim milk suspension. Then the membranes
were incubated for 1 h with the polyclonal rabbit anti-human
p53 antibody (1:200) (Santa Cruz, Delaware, CA), followed
by further incubation overnight with horseradish peroxidase
conjugated anti-rabbit IgG (1:2 000) (Santa Cruz). After each
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antibody incubation, the membranes were washed three times
by Tris-buffer saline. To visualize the protein bands, ECL
Western blot detection reagents (Amersham, Buckinghamshire,
UK) were used and the membranes were exposed to X-ray
film.

Statistical analysis
All determinations were made in triplicate, and the results were
expressed as the mean ± standard deviation (S.D.). Statistical
significance was determined by Student’s t-test. A P value of
0.05 or less was considered significant.
RESULTS
Effect of TRAIL or doxorubicin on SW480 cells
MTT assay demonstrated that SW480 cells were not sensitive
to TRAIL. No dose-dependent cytotoxicity of TRAIL on these
cells was found at the concentrations from 0 µg·L-1, 10 µg·L-1,
100 µg·L-1, 500 µg·L-1, to 1 mg·L-1, (as shown in Figure 1).
IC50 was above 1 mg·L-1 which was significantly higher than
0.4 µg·L-1 of TRAIL-sensitive leukaemic cell line Jurkat. 100
µg·L-1 TRAIL could only affect 5.8 % of these cells, a subtoxic
concentration. By contrast, SW480 cells responded to
doxorubicin sensitively, with obvious dose-dependent
cytotoxicity and IC50 of 65.25±3.48 µmol·L-1. 0.86 µmol·L-1
doxorubicin could not damage any cell, also a subtoxic
concentration (as shown in Figure 2). All values by MTT assay
were proved by flow cytometry assay and apoptosis applauded
parallel with cytotoxicity.
105
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Figure 1 Effect of TRAIL on SW480 cells. SW480 cells were
treated with TRAIL at the concentrations of 0, 10, 100, 500 and 1
000 µg·L-1 for 24 h. Cell growth inhibition was assessed by MTT
assay and confirmed by flow cytometry assay. Compared with
TRAIL-sensitive leukaemic cell line Jurkat (IC50 0.42 µg·L-1),
SW480 cells (IC50 >1 000 µg·L-1) were not responsive to TRAIL at
concentration more than 100 times those active on Jurkat.
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1, 2, 3, 4 was respectively doxorubicin with TRAIL 0, 10, 100, 1000 µg·L-1.

Figure 2 Effect of TRAIL and doxorubicin on SW480 cells SW480
cells were treated with doxorubicin alone or a combination of doxorubicin with TRAIL at different concentrations. The combination
resulted in the reduction of doxorubicin IC50 in cells (P<0.05). Doxo-
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rubicin IC50 was 65.25±3.48 when cells were treated by doxorubicin
alone, while it was further reduced with the increased concentrations of TRAIL. Doxorubicin IC50 was 43.17±2.54 µmol·L-1 when it
was combined with 10 µg·L-1of TRAIL, 0.51±0.02 µmol·L-1IC50 when
combined with 100 µg·L-1 TRAIL, and 0.44±0.02 µmol·L-1 IC50 when
combined with 1 000 µg·L-1TRAIL.

control medium for 24 h. The protein level of mutant p53 was
not different among them, with P>0.05 (as shown in Figure5).
Variation of agent concentration turned out similar result.

Effect of TRAIL and doxorubicin on SW480 cells
SW480 cells were treated by doxorubicin alone, TRAIL alone,
and a combination of doxorubicin and TRAIL, and cell viability
after each treatment was determined by MTT assay. The cell
growth inhibitory effects of the combined treatment were
synergistic and more significant in proportion to the increasing
concentrations of TRAIL as compared with doxorubicin alone.
Furthermore, TRAIL could cause a decrease in doxorubicin
IC50 (as shown in Figure 2).
Effect of subtoxic TRAIL with subtoxic doxorubicin on
SW480 cells
Subtoxic concentration TRAIL of 100 µg·L-1, with subtoxic
concentration doxorubicin of 0.86 µmol·L-1 was capable of
killing 80.12±2.67 % cells by MTT assay. Much more
apoptotic cells were observed under phase-contrast microscope
in the group treated by this combination compared with those
treated by TRAIL or doxorubicin alone. Flow cytometry assay
also measured apoptosis rate of 76.82±1.93 % and obvious
pre-G1 apoptotic DNA peak among the cells (as shown in
Figure 3). And electron microscopy observed a large number
of apoptosis cells in them (as shown in Figure 4).
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Figure 4 Subcellular morphology of SW480 cells under treatment of TRAIL (100 µg·L-1), doxorubicin (0.86 µmol·L-1), or the
combination of them. The electron microscopic morphology was
observed after 24 hours treatment at the given concentration. A:
TRAIL (100 µg·L-1) or doxorubicin (0.86 µmol·L-1) alone didn’t
affect the morphology of cells, with complete construction and
evenly distributed chromatin (×5 000). B: The combination of
TRAIL (100 µg·L-1) and doxorubicin (0.86 µmol·L-1) induced
apoptosis in many cells, presented as condensed chromatin, distributing along nuclear perimeter (×15 000).
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Protein level of mutant p53 before and after treatment of
TRAIL and/or doxorubicin
SW480 cells were treated with 100 µg·L-1 TRAIL alone, 0.86
µmol·L-1 doxorubicin alone, and their combination or complete
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Figure 3 Apoptosis assay by flow cytometry. SW480 cells were
treated with doxorubicin (0.86 µmol·L-1) alone, TRAIL (100 µg·L-1)
alone or a combination of them for 24 h. The apoptosis-inducing effect was quantified by PI stain flow cytometry assay. A:
There was no hypodiploid DNA peak before G1 phase which
was similar to normal cells when treated with TRAIL (100 µg·L-1)
or doxorubicin (0.86 µmol·L-1) alone. B: There was an obvious
hyperdiploid DNA peak before G 1 phase in combination
treatment, with apoptotic rate of 76.82±1.93 %. It was in accordance with cytotoxicity by MTT assay.
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Figure 5 p53 protein level by Western blot assay. They were
detected after 24 hours of treatment. A, B, C, D were respectively normal control, TRAIL (100 µg·L-1), doxorubicin (0.86
µmol·L-1) and TRAIL (100 µg·L-1) + doxorubicin (0.86 µmol·L-1)
groups. There was no difference in p53 protein expression
among these four groups (P>0.05).
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DISCUSSION
TRAIL, also named Apo-2L, is a new member of the TNF
cytokine family. It resembles Fas/Apo-2L in its amino acid
sequence, as well as in its ability to induce apoptosis. It conducts
or regulates the activities via a set of receptors on the surface
of various cells[15-24]. TRAIL has attracted much interest for a
profound feature since its discovery in 1995. That is the
selectivity of killing cells, namely, TRAIL only induces
apoptosis in transformed or tumor cells, but does not damage
the normal ones[1,2]. There was a proposal for its clinical use
after a series of in vitro experimentations. But a variety of
cancer cells of breast, lung, prostate, colon and bladder were
reported resistant to the effect of TRAIL[5-7].
Results in this study demonstrated that colon cancer cell
line SW480 was relatively resistant to TRAIL, compared with
TRAIL-sensitive leukaemic cell line Jurkat. The mechanisms
of the underlying resistance was not clear update[7-9]. The
conditions of decoy receptors, caspase-inhibition protein
(FLIP), caspases and some apoptosis-related genes might
attribute to the different responses[25-34]. It’s necessary to find a
way to reverse the resistance if it is used in clinic in the future.
Previous articles indicated some chemotherapeutic drugs could
sensitize the cancer cells to TRAIL-mediated apoptosis[10-15].
Doxorubicin is a member of antibiotics, specifically for cancer
cells. It belongs to the classical chemotherapeutic agents, with
high anti-cancer efficacy. However, severe cardiac toxicity
limits its broad use in clinic. Reducing concentration and
maintaining efficacy of doxorubicin should be necessary for
continuing its work. This study also demonstrated the
sensitivity of SW480 cells to doxorubicin and its synergistic
effect with TRAIL when percentage of cell viabilities were
significantly decreased by the combined treatment at any dose
as compared with those treated by doxorubicin or TRAIL alone.
The degrees of growth inhibition were greater accompanied
by the increased concentrations of TRAIL. Furthermore,
augmentation of the cytotoxic effect of doxorubicin with TRAIL
was significant even at low Doxorubicin (0.86 µmol·L-1) and
low TRAIL (100 µg·L-1) concentrations in SW480 cells. It
presented the evidence that TRAIL could reduce the dose of
doxorubicin against tumor cells, which ultimately resulted in
minimizing risks for systemic side effects while increasing the
efficacy of doxorubicin, suggesting the clinical applicability
of this combination for colon cancers.
Concentrations of TRAIL that were completely inactive on
their own, boosted the activity of doxorubicin in the SW480
cells. This correlated well with the increased ability of this
drug when combined with TRAIL to induce apoptosis and it
did not correlate with the status of p53. Mutant-type p53 was
said to contribute to drug-resistance of most cancer cells[27, 28].
The precise mechanisms enabling TRAIL to augment the
cytotoxicity of chemotherapeutic agents in the p53 mutanttype cells have not been extensively investigated; however,
recent evidence has suggested several possibilities: First, the
augmentation of TRAIL-induced apoptosis by adriamycin or
5FU in p53 wild- and mutant-type breast cancer cell lines was
mediated through a selective activation of caspases by these
agents[28]. Subsequent investigations demonstrated that caspase
activation, which was not observed with TRAIL or doxorubicin
alone, became more evident after the combined treatment in
p53 mutant-type cell lines. These findings implied that the upregulation of intracellular apoptotic signaling events
contributed to overcome resistance to TRAIL alone even in
p53 mutant-type cells. Second, the increase of KILLER/DR5
expression by certain genotoxic stresses, which resulted in the
enhancement of TRAIL, is regulated in a p53-dependent and independent manner[29, 30]. Finally, another TRAIL receptor,
DR4, which transmitted a death signal through its binding with
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TRAIL, is regulated in a p53-independent manner[31-34].
The finding that TRAIL could boost the activity of
doxorubicin against colorectal carcinoma cells should have
important therapeutic implications. Since TRAIL itself is
thought to have no apparent toxicity to normal cells and to be
safe in systemic administration, the combination of doxorubicin
and TRAIL will result in minimization of the toxicity and
maximization of the antitumor activity.
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Abstract
AIM: To investigate the expression of inducible nitric oxide
synthase (iNOS) in aberrant crypt foci (ACF) -adenomacarcinoma sequence and its relation with tumor cell
apoptosis, proliferation and angiogenesis.
METHODS: The expression of iNOS, proliferating cell
nuclear antigen (PCNA) and microvessel density (MVD) in
different stages of colorectal cancer were studied by
immunohistochemical method from 30 normal tissues, 30
nonhyperplastic ACF, 30 hyperplastic ACF, 30 dysplastic ACF,
30 adenomas and 60 carcinomas. The apoptotic cells were
detected by terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) method using an Apop
Tag in situ detection kit.
RESULTS: The immunoreactivity of iNOS significantly
increased in the transition from hyperplastic ACF to dysplastic
ACF. This transition was associated with a significant decrease
in the apoptotic index (AI) (0.73±0.37 vs 0.61±0.35, P<0.05)
and significant increases in the PCNA labeling index (LI)
(27.3±2.80 vs 40.3±3.11, P<0.01) and microvessel density
(MVD) (55±11.5 vs 70±13.2, P<0.01). The expression of
iNOS was in low levels and positively correlated with PCNALI (r=0.812, P<0.01) and MVD (r=0.863, P<0.01) during
transition from normal mucosa to nonhyperplastic ACF and
hyperplastic ACF. The expression of iNOS was in high levels
and positively correlated with AI (r=0.901, P<0.01) after
transition from hyperplastic ACF to dysplastic ACF, adenoma
and carcinoma.
CONCLUSION: The results suggest that the transition from
hyperplastic ACF to dysplastic ACF may be a crucial step in
the ACF-adenoma-carcinoma sequence, in which iNOS plays
an important role by regulating tumor cell apoptosis,
proliferation and angiogenesis.
Xu MH, Deng CS, Zhu YQ, Lin J. Role of inducible nitric oxide
synthase expression in aberrant crypt foci-adenoma-carcinoma
sequence. World J Gastroenterol 2003; 9(6): 1246-1250
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INTRODUCTION
Aberrant crypt foci (ACF) are recently described colorectal
lesions that might be related to the earliest steps in multistage
colorectal carcinogenesis[1]. Nitric oxide (NO) is an important

bioactive agent and signaling molecule that mediates a variety
of physical actions and may contribute to the pathogenesis of
a variety of disorders including cancer[2-6]. Several studies
implicate iNOS in colorectal tumorigenesis[7-9], but none has
evaluated the expression of iNOS in ACF-adenomacarcinoma sequence. In this study, TUNEL technique and
immunohistochemical staining were used to detect biologic
parameters of tumor and compare the state of apoptosis,
proliferation, MVD and iNOS expression in ACF-adenomacarcinoma sequence. The purpose was to find out the
relationship between aberrant expression of iNOS and
colorectal carcinogenesis and the possible mechanism.

MATERIALS AND METHODS
Tissue specimens
Human colorectal tissues were obtained from Zhongnan
Hospital and the People’s Hospital of Wuhan University and
Hubei Cancer Hospital. We collected 90 ACF and their adjacent
normal mucosa from 32 colorectal carcinomas (CRC) (19 males
and 13 females; mean age, 54±7.5 years). 30 adenomas (18
males and 12 females; mean age, 51±7.3 years) and 60
carcinomas were included in this study. The cancer patients
included 32 males and 28 females that had 7 Dukes’ stage A,
24 stage B, 12 stage C, and 17 stage D. There were 22 welldifferentiated CRCs, 26 moderately differentiated and 12
poorly differentiated CRCs. All specimens were routinely fixed
in 10 % buffered formalin, embedded in paraffin, and cut into
5 µm sections. Each of the 5 sections was stained with
hematoxylin and eosin for classification.
Sampling of ACF
Immediately after bowel resection, freshly resected colorectal
segments were opened longitudinally, and the mucosa from
macroscopically normal segments were dissected from the
underlying layers, spread over on a piece of filter paper, and
fixed in 10 % buffered formalin solution.24 hours later, the
fixed mucosal strips were immersed in 0.2 % methylene blue
solution for 5 to 10 minutes and screened under 40×
magnification for ACF. Methylene blue-stained ACF were
easily distinguished from normal crypts by their deeper blue
color, larger diameter, and the shape of their crypt orifices
(oval, serrated, or slit-like)[10]. Randomly selected ACF were
microdissected with a rim of normal surrounding mucosa,
paraffin embedded, and serially cut perpendicular to the
surface.
Histochemical detection of apoptosis and determination of
apoptotic index
Apoptotic cell tissue sections were detected by terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end
labeling (TUNEL) method using an Apop Tag in situ detection
kit according to the manufacturer’s instructions. Morphologic
characteristics of apoptosis were chromatin condensation,
nuclear disintegration, and formation of crescent caps of
condensed chromatin at the nuclear periphery. The apoptotic
index (AI) was expressed as the ratio of positively stained cells
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to total cells evaluated for each tissue section after counting
1 000 cells at 5 areas randomly selected for counting less than
400-fold magnification.

Immunohistochemical staining and evaluation of the sections
SP kit was used. The primary antibodies were iNOS
polyclonal antibody (ready to use, Boster, Wuhan), PCNA
monoclonal antibody (ready to use, Maxin, Fujian) and CD34
monoclonal antibody (ready to use, Maxin, Fujian),
respectively. Before staining, the sections were heated in
microwave heated in 0.01 mol/L citric acid solution for
antigen retrieval. PBS was substituted for primary antibodies
as negative control. The stained sections were reviewed and
scored independently by two investigators using an Olympus
microscope. The extent and intensity of immunoreactivity
for iNOS of all specimens were recorded. The following scale
was used to express the extent of positivity: 0, 5 %; 1,>5-25 %;
2,>25-50 %; 3,>50-75 %; 4,>75 %. The intensity of iNOS
expression was scored as follows: 0, negative; 1, weak; 2,
moderate; 3, strong. The final score, obtained by multiplying
the intensity and extent of positivity scores, ranged from 012. Scores of 0- 4 were defined as “markedly reduced” or
“no expression”; Scores 5-8 were defined as “intermediate
expression”; and scores of 9-12 were defined as “strong
expression”[11]. The PCNA labeling index (LI) was expressed
as the ratio of cells positively stained for PCNA to all
epithelial cells in at least 5 areas randomly selected for
counting less than 200-fold magnification. For microvessel
density (MVD) determination, 5 areas were randomly selected
and counted less than 200-fold magnification. The average
count was recorded and expressed as the absolute number of
vessels per 0.74 mm2 (per × 200 field) for each case.

A

B

Statistical analysis
T test was used for comparison of the means. The positivity of
iNOS protein was analyzed by Fisher exact probability method.
For the tendency of AI, LI and MVD in the ACF-adenomacarcinoma sequence analysis of variance was performed based
on the trend test. P value less than 0.05 was regarded as
statistically significant.
RESULTS
Expression of iNOS in ACF-adenoma-carcinoma sequence
Although most cases of normal mucosa, nonhyperplastic ACF
and hyperplastic ACF showed intermediate, weak or absent
iNOS expression, the expression of iNOS increased markedly
during transition from hyperplastic ACF to dysplastic ACF
(P<0.01) (Table 1, Figure 1). Greater than 70 % of cases of
dysplastic ACF, adenoma or carcinoma showed strong
expression of iNOS. We found no relationship between
expression of iNOS and the Ducks’ classification and the
differentiation of cancer.
Table 1 iNOS expression in normal mucosa-ACF-adenomacarcinoma sequence
iNOS expression

Total

Strong Intermediate Weak or absent
Normal mucosa
Nonhyperplastic ACF
Hyperplastic ACF
Dysplastic ACF
Adenoma
Carcinoma

3
6
8
26
24
41

6
8
10
2
4
10

21
16
12
2
2
9

C
Figure 1 Immunohistochemical analysis for iNOS protein in
ACF. (A) weak staining was observed in the cytoplasm of
nonhyperplastic ACF. (SP method, ×200). (B) weak staining
was observed in the cytoplasm of hyperplastic ACF. (SP
method, ×200). (C) strong staining was observed in the cytoplasm of dysplastic ACF. (SP method, ×200).
Table 2 Changes in AI, PCNA-LI, and MVD in ACF-adenomacarcinoma sequence (x±s)
n

AI
(%)

PCNA-LI
(%)

Normal mucosa

30

0.21±0.13

12.1±2.48

50±10.3

Nonhyperplastic ACF

30

0.28±0.16

14.7±2.47

52±10.6

Hyperplastic ACF

30

0.73±0.37ab

27.3±2.80ab

55±11.5

Dysplastic ACF

30

0.61±0.35abc

40.3±3.11abd

70±13.2abd

Adenoma

30

0.58±0.25

45.4±3.24

abd

80±14.7abde

Carcinoma

60

0.49±0.43

abdf

95±13.3abdf

abc
abde

52.2±3.17

MVD (MVD
/0.74mm2)

P<0.01, vs normal mucosa; bP<0.01, vs nonhyperplastic ACF;
P<0.05, vs hyperplastic ACF; dP<0.01, vs Hyperplastic ACF;
e
P<0.05, vs dysplastic ACF; fP<0.01, vs dysplastic ACF.
a

30
30
30
30
30
60

c

Changes in AI, PCNA-LI, and MVD in ACF-adenoma-carcinoma
sequence
Apoptotic index was highest in hyperplastic ACF, whereas it
significantly decreased after transition to dysplastic ACF
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(Figure 2), adenoma and carcinoma (P<0.05). Conversely, the
proliferative activity as determined by PCNA-LI gradually
increased during ACF (Figure 3)-adenoma-carcinoma
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sequence (P<0.01). Microvessel density significantly increased
after the transition to dysplastic ACF (Figure 4), and further
elevated in adenoma and carcinoma (P<0.01) (Table 2).

2A

2B

2C

3A

3B

3C

4B

4C

Figure 2 Histochemical detection of apoptosis by TUNEL in ACF. Few apoptotic cells were detected in nonhyperplastic ACF
(PanelA, original magnification ×200), and more apoptotic cells were detected in hyperplastic ACF (Panel B, original magnification ×100) whereas they decreased significantly after transition to dysplastic ACF (Panel C, original magnification ×200).
Figure 3 Immunohistochemistry of PCNA protein in ACF. PCNA expression was gradually increased from nonhyperplastic ACF
(Panel A, original magnification ×200), hyperplastic ACF (PanelB, original magnification ×100) to dysplastic ACF (Panel C, original
magnification ×100).
Figure 4 Immunohistochemistry of CD34 protein in ACF. MVD determined by anti-CD34 antibody was low in nonhyperplastic
ACF (Panel A, original magnification ×200) and hyperplastic ACF (Panel B, original magnification ×200) whereas significantly
increased in dysplastic ACF (Panel C, original magnification ×200).
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Correlations between iNOS expression and biologic parameters
The expression of iNOS was in low level and positively
correlated with PCNA-LI (r=0.812, P<0.01) and MVD (r=0.863,
P<0.01) during transition from normal mucosa to
nonhyperplastic ACF and hyperplastic ACF. The expression
of iNOS was in high level and positively correlated with AI
(r=0.901, P<0.01) after transition to dysplastic ACF, adenoma
and carcinoma.
DISCUSSION
The development of colorectal carcinoma usually occurs via
the adenoma-carcinoma sequence[12,13]. The search for the
earliest morphological precursors led to the description of ACF.
Currently, there is a tendency to consider ACF as putative
preneoplastic lesions that could represent one of the earliest
stages of the multistep colorectal carcinogenesis[1,14]. Alteration
of enzymes, specifically hexosaminidase, and carcinoembryonic
antigen expression have been identified in ACF. Genetic
mutations that include APC suppressor gene and k-ras gene as
well as beta-catenin gene have been found in ACF [15,16].
Genomic instability, manifested as altered lengths of
microsatellites and oligo A sequences similar to alterations
that occur in neoplasm, has been identified in some ACF[17].
Morphological alterations from nonhyperplasia to hyperplasia
to varying degrees of dysplasia have been found in ACF[18].
One study suggested that some hyperplastic ACF can develop
into the adenomatous type[19]. In a carcinogen-induced colonic
tumorigenesis model, these lesions may show dysplastic
morphology and precede formation of adenomas and
adenocarcinomas. Phenotypic and genetic abnormalities in
ACF have been postulated as evidence that ACF are
preneoplastic and the smallest lesions preceding adenoma and
carcinoma. Recently, there was a direct evidence of the
existence of an ACF-adenoma-carcinoma sequence[20].
A disturbance in the balance between cell proliferation and
cell loss, or apoptosis may underlie neoplastic development[21-27].
In this study, we noticed that in normal mucosa the apoptotic
cells were identified in colorectal surface epithelium and
formed “an apoptotic zone”. Proliferative cells were seen in
the basal region of the mucosa glands and formed “a
proliferating zone”. However in colorectal carcinoma,
apoptotic cells and proliferative cells clustered all over the
tumor tissue. This phenomenon elucidated that the regulation
of apoptosis and proliferation had already been beyond control.
Angiogenesis also played a crucial role in tumorigenesis[28-32].
In this study, we demonstrated that MVD increased gradually
in ACF-adenoma-carcinoma sequence. This change indicated
that the regulation of growth of vessel was also disordered.
We investigated iNOS expression in human colorectal
cancer with respect to tumor staging. Only low levels were
found in the surrounding normal tissue, nonhyperplastic ACF
and hyperplastic ACF. However, we found markedly increased
iNOS in dysplastic ACF, adenoma and carcinoma. After
transition to dysplastic ACF, adenoma and carcinoma, iNOS
activity decreased with increasing staging. The markedly
increased iNOS expression during hyperplastic ACFdysplastic ACF transition suggested that the increase of iNOS
expression might be an early event in the development of
colorectal tumor. The different expression of iNOS in the
epithelial cells in ACF-adenoma-carcinoma sequence may
provide important clues that host factor regulates iNOS
differently in different tumor stages.
During transition from normal mucosa to nonhyperplastic
ACF and hyperplastic ACF, the expression of iNOS was at
low levels. This transition was associated with a gradual
increase in the AI, PCNA-LI and MVD. Several reports suggest
that low concentrations of NO and iNOS induce angiogenesis
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and enhance the growth rate of tumor[33]. Increased proliferation
might result in a state of lacking of nutrients, competition for
growth factors or oxygen starvation and then in turn induce
apoptosis[34]. Our results demonstrated that the initial neoplastic
transformation was associated with a remarkable increase in
rates of both proliferation and apoptosis, which suggested the
increased instability of colorectal mucosa in this process. The
immunoreactivity of iNOS significantly increased during the
transition from hyperplastic ACF to dysplastic ACF. The
perturbation of tissue homeostasis derived from the increased
proliferation and decreased apoptosis detected at this transition.
Microvessel density (MVD) was found markedly increased at
this transition. These results suggested that the transition from
hyperplastic ACF to dysplastic ACF might be a crucial step in
the ACF-adenoma-carcinoma sequence, in which iNOS might
play an important role. The expression of iNOS was in high
level and associated with a significant increase in the PCNALI, MVD and marked decrease in the AI after transition to
dysplastic ACF, adenoma and carcinoma. With the decreased
expression of iNOS, AI decreased gradually and was lowest
in carcinoma in this process. Several reports suggest that high
concentrations of NO and iNOS are cytotoxic and can induce
apoptosis[33]. Because the increased instability of colorectal
mucosa in former stages led to the formation of “supper clone”
and the micro-environmental changes such as expression of
EGF and TGF-a in the tumor tissues[35,36], epithelial cells
maintained at hyperproliferation and increased angiogenesis
was present after transition to dysplastic ACF, adenoma and
carcinoma. These results elucidate that iNOS might be an
important factor of colorectal carcinogenesis by regulating
tumor cell apoptosis, proliferation and angiogenesis. What may
cause the overexpression of iNOS after transition to dysplastic
ACF, adenoma and carcinoma remains unclarified and awaits
further study.
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Abstract
AIM: To describe distribution of the phosphorothioated
antisense oligodeoxynucleotides (PS-asODNs) conjugated
to galactosylated poly-L-lysine (Gal-PLL) in mice, and to
observe their effects on expression of HBV gene in the 2.2.
15 cells and transgenic mice.
METHODS: According to the result of direct sequencing
of PCR amplified products, a 16 mer phosphorothioate
analogue of the antisense oligodeoxynucleotides (PSasODNs) directed against the HBV U 5-like region was
conjugated to the hepatotropic Gal-PLL molecules. Its
distribution was demonstrated using asODNs labeled with
32
P at the 5’ terminus with a T4-polynucleotide Kinase. Its
inhibition effect on HBV expression was observed in the
transfected 2.2.15 cells and transgenic mice.
RESULTS: The Gal-PLL and asODNs could form stable
complex at a molar ratio of 2:1. As shown in the HBVtransfected 2.2.15 cells, the inhibition effects of asODNs
alone and asODNs conjugated to Gal-PLL, at 10 µmol/L for
both, on HBsAg and HBeAg production were different,the
former being 70 % and 58 %, respectively, and the latter
being 96 % and 82 %, respectively. A more pronounced
reduction was also observed in viral DNA load in the culture
supernatant for the test with Gal-PLL-asODNs. Among many
mouse organs, livers retained more asODNs molecules after
administration. The preferential concentration in liver was
found to be 52.14 % for Gal-PLL-asODNs, as high as 2.38fold of that for asODNs (21.9 %). Both elements decreased
gradually in liver, with 2.9 % of the former, 5.99 % of the
latter retained 24 hours after the administration. The
injection interval, therefore, was recommended to be
24 hours. In the transgenic mice, serum HBsAg decreased
significantly (P<0.01) at the 12th day after administrating
Gal-PLL- asODNs, the serum HBV DNA turned negative in
4 of the 6 mice.
CONCLUSION: Anti se n se o li g od e oxyn ucl eo ti de s
conjugated to Gal-PLL can be concentrated in liver and
intaked by hepatocytic cells. This may result in specific
inhibition of expression and replication of HBV in vitro
and in vivo.

Zheng SJ, Zhong S, Zhang JJ, Chen F, Ren H, Deng CL. Distribution
and anti-HBV effects of antisense oligodeoxynucleotides
conjugated to galactosylated poly-L-lysine. World J Gastroenterol
2003; 9(6): 1251-1255
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INTRODUCTION
The antisense oligodeoxynucleotides (asODNs) have been
demonstrated previously to be effective for inhibition of HBV
gene expression and viral replication in vitro and in vivo,
being potential new agents for anti-HBV therapy [1-4 ] .
However, there are still some hinders for their potential
application. First, their molecules must be water soluble and
can penetrate the lipophilic cell membrane. Second, they must
be resistant enough to enzymatic degradation to allow their
concentration in liver. Third, They must be bound specifically
to the target HBV sequence. In the present study, a 16-mer
phosphorothioate analogue of the antisense oligonucleotides
(PS-asODNs) directed against the HBV U5-like region was
synthesized and then conjugated to hepa totropic galactosyted
poly-L-lysine (Gal-PLL). The anti-HBV effects of asODNs
and Gal-PLL-asODNs were demonstrated in the 2.2.15 cells
and transgenic mice. In addition, distribution of asODNs was
studied in mice.
MATERIALS AND METHODS
PCR product sequencing
PCR was conducted using the primer pair P1/ P2 in a 50 µl
system with the initial denaturation temperature at 94 for 4
min, followed by 30 cycles at 94 for 30 s, at 55 for 30 s
and at 72
for 40 s. The reaction was for the pre-C and C
genes of HBV (ayw1 subtype). The sequence of the PCR primers
pair was as follows: P1: 5’-AAGGTCTTTGTACTAGGAGGC3’(1 761-1 781); P2: 5’-TTCCCGATACAGAGCTGAGGC-3’
(2 000-2 020). The PCR products were as long as 260 bp and
were sequenced using the method given by the Pharmacia T7 kit.
Cells and cell culture
2.2.15 cell line, human hepatoblastoma Hep G2 cell line stably
transfected by HBV genome[5-7], were cultured in PRMI1640
medium at 37 under 5 % CO2 , pH: 7.2-7.4, which contained
15 % fetal calf serum, 2 mmol/L glutamine, 0.1 mu/L penicillin
and streptomycin, and 380 mg/L G418 (Sigma).
Preparation of targeting antisense ODNs
A targeting water soluble DNA carrier was prepared by
coupling galactose and poly-L-lysine using the method of
Schwartz and Gray[8], with their molar ratio being 10:1. A 16mer phosphorothioated antisense oligodeoxynucleotide (5’CATGCCCCAAAGCCAC-3’), corresponding to the
nucleotides 1 980-1 905, and complementary to preC/C regions
of HBV genome (ayw1 subtype), was synthesized. As a
reference molecule, another 16-mer phosphorothioated
oligodeoxynucleotide (5’-AGTCACTCAGTCAGTC-3’),
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unrelated to the HBV sequence, was prepared. By agarose gel
(2.5 %) electrophoresis, conjunctive ratio of Gal-PLL to PSasODNs was identified[9].

Anti-viral effect of PS-asODNs in vitro
The 2.2.15 cells were incubated for 60 h, and then were
transferred to the medium containing asODNs, HBV-specific
Gal-PLL-asODNs, HBV-unrelated Gal-PLL-ODNs, or the
medium without any oligodeoxynucleotides. The concentration
of ODNs in the media was 10 µmol/L. 72 h later, the 2.2.15
cells were transferred to the ordinary medium for 72 h, then
200 ul of supernatant was used for the ELISA reaction for
HBsAg and HBeAg, HBV DNA was detected by dot
hybridization.
Animals
Kunming mice, (weighing 20 g in average) were used to
describe the distribution of asODNs. HBV transgenic mice,
were provided by 458 Hospital of PLA in Guangzhou, China,
whose expression of HBsAg (126-930 ng/ml) was well
documented in the previous studies[10,11].
Radiolabeling of asODNs
The 32P-labelling of asODNs was at 5’ terminus with T4polynucleotide kinase (Amersham) in the reaction mixture
containing asODNs 6.6 ug/20 µl, [γ-32P] ATP 90 µl (10 mCi/
ml), 10×buffer 18 µl,T4-polynucleotide kinase 9 µl and
deionized water 43 µl for 1.5 h. The reaction was stopped by
adding 9 µl 0.5M EDTA (pH 8.0). The product was extracted
by chloroform and separated using Sephadex-G50. Using the
same method, the reaction was carried out twice.
Distribution of as ODNs in Kunming mice
A total number of 24 Kunming mice were equally divided
randomly into two groups, one for asODNs and the other for
Gal-PLL-asODNs. The labeled asODNs were equally divided
into 25 pieces,each piece for 200 µl, with the radioactivity of
9.42×106 cpm. Twelve pieces of asODNs were mixed with GalPLL at a molar ratio of 1:2, and were incubated at room
temperature for 60 min. Twenty-four pieces of asODNs were
administered intravenously via tail vein to 24 mice,
respectively. At 2 min, 30 min, 1 h, 4 h, 13 h, 24 h following
intravenous administration, 2 animals were sacrificed for each
group at each time point, their blood and organs were collected
for determination of total radioactivity using liquid scintillation
counter.
Anti-HBV effects of Gal-PLL-asODNs in the transgenic mice
Twelve mice, strongly positive for HBsAg and carrying HBV
DNA in serum were equally divided into Gal-PLL-asODNs
and control groups. Gal-PLL was then mixed with asODNs in
a molar ratio of 2:1 at room temperature. The mixture was
then administered intravenously via the tail vein in a dose of
15 µg/g. weight/d of asODNs for successive 12 days. The same
volume of saline was used for the control mice by the same
means. Blood samples were collected at the venous plexus
behind orbital cavity before, or 12 days after the treatment.
Sera were separated by incubating at 37
for 30 min and
contrifuged, and stored at -20
for use. Being diluted at 1:
100 with normal saline, the sera were subjected to the ELISA
for HBsAg and nested PCR (TakaRa Biotechnology Co.) for
viral DNA, with its product being 230 bp in size.
RESULTS
PCR and sequencing of PCR products
Figure 1 shows that the band of PCR product was between the
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size of 221-298bp. The sequence of the 132bp product was:
5’-CCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATCGACCCTTATAAAGAATTTGGAGCTACTG-3’. This was
in accordance with the corresponding sequence of HBV genome
(ayw1 subtype) which contained the preC region (1 816-1 902),
U5-like sequence (1 857-1 918) and partial poly-A addition
signal sequence (1 919-1 962)[12,13].
M

A

1 631

517
394
344
298
221

Figure 1 Amplification of HBV DNA in the 2.2.15 cells with
PCR. The PCR products were resolved on 1.5 % agarose gel.
M: Molecule weight marker; A: HBV DNA in 2.2.15 cells.

The complexion of Gal-PLL and asODNs
Gal-PLL at different concentrations was incubated with
asODNs, and the proper molar ratio for their binding was
assessed by agarose gel electrophoresis. The binding was
detectable at the molar ratio of 1:1, and complete at the molar
ratio of 2:1 or more (Figure 2).
A

B

C

D E F

G

Figure 2 Analysis of Gal-PLL/asODNs complex formation at
different molar ratios. A: Gal-PLL/asODNs=3:1; B: Gal-PLL/
asODNs=2:1; C: Gal-PLL/asODNs=1.75:1; D: Gal-PLL/
asODNs=1.5:1; E: Gal-PLL/asODNs=1:1; F: Gal-PLL/
asODNs=0. 5:1; G: Gal-PLL/asODNs=0:1.

Effects of antisense ODNs on HBV gene expression in vitro
As shown in Table 1, after incubation of 2.2.15 cells with
asODNs for 8.5 days, the inhibition rates of HBsAg, HbeAg
were 70 % and 50 %, respectively, while those with Gal-PLLasODNs were 96 % and 82 %, respectively. Only slightly
negative effects were observed for the reference agent GalPLL-ODNs on expression of HBsAg (19 %) and HBeAg (10 %).
The Gal-PLL-asODNs treatment was shown to markedly
reduce the amount of HBVDNA in the 2.2.15 cells and the
culture medium, compared with free asODNs and conjugated
HBV-unrelated Gal-PLL-ODNs.
Table 1 Inhibition of asODNs on HBsAg and HBeAg secretion in 2.2.15 cells (P/N values x±s)
Groups

Cell control
PS-asODNs
Gal-PLL:PS-asODNs
Gal-PLL:PS-ODNs

HBsAg

9.4±0.16
4.30±0.25
2.40±0.26
8.10±0.13

Inhibitory
rate (%)

70
96
19

HBeAg

15.10±0.15
7.60±1.10
4.50±0.42
13.80±0.76

Inhibitory
rate (%)

58
82
10
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Distribution of asODNs in mice
Plasma level of asODNs declined rapidly after intravenous
administration, with its half-life being approximately 1-2 min,
and 7.6 % of asODNs was left in circulation one hour later.
Among organs examined, liver retained more asODNs (21.9
%) 30 min after the administration, and the retained molecules
decreased gradually, with 2.93 % of them detected 24 hours
later. At the time point of 30 min, the retained radioactivity
listed in the order of intensity was as following: liver> kidney
> lung> heart > spleen> brain (Figure 3).
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Figure 3 Distribution of asODNs in Kunming mice (n=2).
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Gal-PLL-asODNs was shown to be in liver at the time point of
30 min, and only 5.99 % of the activity was retained in liver
24 hours after its administration. Kidney was the second
radioactivity concentrating organ, retaining 5.89 % of injected
Gal-PLL-asODNs at the time point of 2 min. The amount in
the brain was the smallest (Figure 4). In comparison to that for
asODNs, more radioactivity for Gal-PLL-asODNs was retained
in liver at each time points (Figure 5). Evidently, Gal-PLL had
prompted hepatic intake of asODNs. It might enhance the
preferential concentration of agent in liver, with a factor of
8.98-fold to kidney, 42.66-fold to lung, 54.24-fold to spleen.
However, there were only few asODNs in liver for both groups
24 hours later (5.99 % and 2.93 %, respectively).

Inhibition of viral protein expression by antisense
oligonucleotides in vivo
After treatment for 12 days, serum HBsAg decreased
significantly in the Gal-PLL-PSODNs treated group (P<0.01);
in contrast, no apparent change was detected after treatment
with HBV-unrelated Gal-PLL-ODNs (Table 2). In serum HBsAg
level, as shown in Figure 6, serum HBV DNA turned negative
in 4 of the 6 (66.7 %) Gal-PLL-asODNs treated transgenic mice,
but it remained unchanged in the control mice.

0.1
10.00%
10.00%

2

1253

Spleen
spleen
heart
Heart

Table 2 Change of serum HBsAg (the value of OD) between
pretreatment and posttreatment in HBV transgenic mice
Groups

Pieces (n)

Normal saline
Gal- PLL–asODNs

10.00%
0.1
10.00%

6
6

Days of therapy
Pretreatment

The 12th day

1.335±0.769
1.608±0.658

1.262±0.765a
0.733±0.547b

Note: Matched t test analysis showed that, compared with
pretreatment, aP>0.05; bP<0.01.
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Figure 4 Distribution of Gal-PLL-asODNs in Kunming mice
(n=2).
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Figure 6 Products of HBV DNA nested-PCR in the mice serum after 12 days treatment. Lane A: Products of HBVDNA
nested-PCR in serum after normal saline treatment; Lane B:
Products of HBVDNA nested-PCR in serum after asODNs
treatment. M: Molecule weight marker.
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Figure 5 Comparision of the amount retained in liver between
asODNs and Gal-PLL-asODNs (n=2).

Distribution of Gal-PLL-asODNs in mice
The elimination process of Gal-PLL-asODNs from
bloodstream was similar to that of asODNs, with its half-life
being 1-2 minutes. Less Gal-PLL-asODNs was shown to be
retained in the circulation at the time points of 30 min (8.26 %),
60 min (6.24 %) than asODNs (10.17 % for 30 min, 7.65 %
for 60 min) at the corresponding time points. Up to 52.14 % of

DISCUSSION
The 2.2.15 cells were shown to carry HBVDNA, being a useful
model for screening of HBV-specific asODNs. Exonucleases
and endonucleases were identified in serum, cells, and other
body fluid, both being able to degrade ODNs. Nucleoside
modifications may enhance the resistance of ODNs to nuclease
digestion. Among them, phosphorothioate
oligodeoxynucleotides were found to be more stable in cell
culture medium, cells, the cell extraction, serum, tissue and
urine. PSODNs, therefore, were used as a drug in this study.
Foreign DNA can be introduced into cells by transfection
using several protocols, including electroporation, liposome
and calcium phosphate-mediated procedure. In addition, some
DNA delivery systems have been designed for binding foreign
gene to target cells[14,15]. The DNA-carrier system consisting
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of an asialoglycoprotein (asialoorosomucoid, ASOR)
covalently linked to poly-L-lysine has been used as a
hepatotropic ligand to bring a foreign gene preferentially to
hepatocytes via asialoglycoprotein receptors[16-23].
For this purpose, Gal-PLL was prepared in this laboratory
previously. Its selective affinity to hepatocytes was demonstrated
in vitro, proposed to be mediated by asialoglycoprotein
receptors on hepatocytes membrane[24-30]. In this study, the
optimized molar ratio 2:1 between Gal-PLL and ODNs was
estimated to be 2:1, being in agreement with the reported data
(17). Gal-PLL was also suggested to be useful as a livertargeting plasmid DNA carrier in vivo [27, 28, 30, 31]. This was
approved in this study.
The distribution of different ODNs in vivo may vary with
their length and sequence[32], and this shoud be clarified before
gene therapy. More than a half of asODNs conjugated to GalPLL was shown to be retained in liver, being 2.38-fold of that
to free asODNs. In order to avoid the possible interference by
plasma HBV DNA in HBV infected animal, normal Kunming
mice were used to explore the distribution of asODNs in vivo.
According to the data presented, Gal-PLL appears to be a
more favorable hepatotropic ligand for gene delivery in vivo
regarding its convenient preparation and stability, as compared
to other compounds such as the well characterized tetraantennary cluster galactoside L3 G4[33].
Considering the dynamic of asODNs, free or conjugated
to Gal-PLL, asODNs in liver were 2.97 % and 5.99 %,
respectively, 24 hrs after administration, the recommended
drug injection interval was 24 hours.
In the same condition of experiment, the inhibition rates
of HBsAg and HBeAg by asODNs were 70 % and 58 %,
respectively, while those of HBsAg and HBeAg by Gal-PLLasODNs were 96 % and 82 %, These data indicate that asODNs
conjugated to Gal-PLL can block HBV gene expression more
efficiently in vitro.
HBV transgenic mice were proved to be the suitable animal
model for screening anti-HBV drugs[10,11,34,35,36]. In the present
study, a pronounced inhibition was observed by Gal-PLLasODNs treatment. In addition, serum HBVDNA turned
negative in 4 of the 6 transgenic mice. These data show the
potential application significance of Gal-PLL-asODNs as an
anti-HBV agent.
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AIM:To analyze the amino acid sequences of hypervariable
region 1 (HVR1) of HCV isolates in China and to construct a
combinatorial chimeric HVR1 protein having a very broad
high cross-reactivity.
METHODS:All of the published HVR1 sequences from China
were collected and processed with a computer program.
Several representative HVR1s sequences were formulated
based on a consensus profile and homology within certain
subdivision. A few reported HVR1 mimotope sequences were
also included for a broader representation. All of them were
cloned and expressed in E.coli. The cross-reactivity of the
purified recombinant HVR1 antigens was tested by ELISA
with a panel of sera from HCV infected patients in China.
Some of them were further ligated together to form a
combinatorial HVR1 chimera.
RESULTS: Altogether 12 HVR1 I were selected and
expressed in E.coli and purified to homogeneity. All of
these purified antigens showed some cross-reactivity with
sera in a 27 HCV positive panel. Recombinant HVR1s of
No. 1, 2, 4, and 8# showing broad cross-reactivities and
complementarity with each other, were selected for the
ligation elements. The chimera containing these 4 HVR1s
was highly expressed in E.coli. The purified chimeric
antigen could react not only with all the HCV antibody
positive sera in the panel but also with 90/91 sera of HCV
-infected patients.
CONCLUSION:The chimeric antigen was shown to have a
broad cross-reactivity. It may be helpful for solving the
problem caused by high variability of HCV, and in the efforts
for a novel vaccine against the virus.
Xiu BS, Ling SG, Song XG, Zhang HQ, Chen K, Zhu CX. Crossreactivity of hypervariable region 1 chimera of hepatitis C virus.
World J Gastroenterol 2003; 9(6): 1256-1260

http://www.wjgnet.com/1007-9327/9/1256.asp

INTRODUCTION
Hepatitis C virus (HCV) is a major etiological agent of non-A,

non-B hepatitis worldwide[1-3], and HVR1, the N-terminal 27
amino acid residues of the putative HCV envelope protein E2,
is known as the principal neutralization epitopes up to date[4-7].
Antibodies to HVR1 in human sera have been shown to block
viral attachment to human cell lines in vitro and to protect
chimpanzees from HCV infection in vivo[8-10]. The HVR1
sequence is highly variable, and is the greatest obstacle for the
vaccine development and immune therapy[11,12]. However, the
highly variable HVR1s have been shown to have some crossreactivities with each other, indicating that a broadly crossreactive HVR1 peptide or their cocktails are helpful to solving
the problem[13]. Data were accumulated in this study all over
the world[14-17].
In China, HVR1 sequences of different HCV isolates have
been reported by many authors, but few studies were on HVR1
cross-reactivity. Integrating the HVR1 sequences reported in
China together with some published mimotopes, 12
representative HVR1 sequences were selected using
bioinformatics technology. All of the representative HVR1
sequences were cloned and expressed, and their cross-reactivity
was studied with a panel of 27 HCV positive sera. Finally we
obtained an HVR1 fusion antigen broadly cross-reactive with
the HCV-infected sera.

MATERIALS AND METHODS
Human sera
Samples of HCV-infected sera were obtained from blood
donor applicants in Beijing Red Cross Blood Center and from
chronic HCV-infected patients from 302 Hospital of PLA.
All were positive for HCV antibodies using the 2ndgeneration ELISA kit. (Ortho Diagnostics, Raritan N.J).
Selection of representative HVR1 sequences
All of the HVR1 sequences published in China were loaded
into database and their consensus sequence was obtained by
BASIC program according to the frequency of amino acid
residues. All of these HVR1 sequences were divided into
several groups according to their alignment, and one sequence
was chosen as the representative from each group. All of the
work above was operated on Goldkey (a molecular biology
software developed by our institute). Some HVR1 sequences
or mimotopes published were chosen as representative ones
for their high cross-reactivity with sera of HCV infected
patients from other countries.
Construction of expression plasmid HVR1-1 # to 12
The representative HVR1 sequences were modified
considering the Escherischia colis favorable codon usage. The
coding genes were synthesized chemically and to facilitate
further ligation, two linkers with a specially designed restriction
endonuclease site were incorporated into their N- and Cterminals respectively. The N terminal arm is F1 (5- gc ctc
gag ggt ggt gga tct -3), The C terminal arm is R1 (5-gc tct
aga acc tcc acc act -3). The fragments were digested with
XhoI and XbaI enzymes and inserted into the expressing
plasmid pBVIL1 digested by the same restrictive enzymes. In
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the same way, 12 different pBVIL1-HVR1 constructs were
prepared and the HVR1 genes were expressed as fusion protein
with IL1β in E. coli.

Construction of the chimeric plasmid
According to the cross-reactivity with the HCV antibodies
positive sera panel, several HVR1s were chosen to ligate
together one by one as illustrated in Figure 1. The plasmid
pBVIL1-HVR1-1# (pHVR1#) was chosen as a vector digested
by Xba I and BamH I, while the plasmid pBVIL1-HVR1-2#,
was chosen as the donor of pattern, amplified using constant
primer F2 (5 gc act agt ggt ggt gga tct 3) and R2 (5cg gga
tcc tta gga aga cac aaa 3) which annealed to C-terminal of
IL1β. The PCR product was digested with Spe I and BamH I,
and inserted into the digested vector, pBVIL1-HVR1-1#. Owe
to the same cohesive end of the endonuclease Xba I and Spe I,
the digested PCR fragment could accurately linked to the
digested plasmid and the new ligated site could be digested
by neither of them.
The pBVIL1-HVR1-1+2# had the same enzyme sites with
pHVR1# and so it could be used as a new vector and connected
with other HVR1 gene fragments. In this way, the pBVIL1chimeric-HVR1 was constructed to contain four HVR1 genes,
HVR1-1#, HVR1-4#, HVR1-6# and HVR1-8#.
Xho I
EcoR I

H1

Xho I
Xba I
H2
EcoR I
BamHI

IL-1

IL-1

pHVR1#

Xho I
EcoR I

Xba I
BamHI

pHVR2#

Xba I
BamHI
Xba I
BamHI
H1

PCR
Spel H2 Xba I BamHI
Spel
BamHI
H2

IL-1

pHVR1#

Xho I
EcoR I

H1 H2

Xba I
BamHI

IL-1
pHVR1+2#

Figure 1 Four different HVR1 gene fragments were cloned on
pBVIL-1. HVR1-2 gene fragment was ligated with pBVIL-1HVR1-1 (pHVR1#). The new pHVR1+2 had the same site with
pHVR1#, and the HVR1-4# gene fragments could be ligated
by the same way. After 3 cycles, the chimera HVR1 plamid
was constructed.

Purification of representative HVR1-1-12# and the chimeric
antigen
The plasmids carrying HVR1 fragments were transformed into
HB101 as routine, and were examined for their orientation
and nucleic acid sequences. The transformed HB101 was
grown overnight, diluted 1:20 with fresh LB-medium and
further incubated at 37 ¡æ to an OD600 of 0.6. After induction
for 4 h at 42 ¡æ, the bacteria were harvested by centrifugation,
and lysed by sonication. All of the recombinant proteins existed
in inclusion bodies, and could be dissolved in a solution
containing 8 M urea. The recombinant proteins were isolated
and purified consecutively by Q-Sepharose-FF and Sephadex
G50 chromatography.
ELISA
Microplates were coated with 0.3 µg recombinant HVR1

1257

peptide in 100 mM phosphate buffer (pH7.4) by incubation
overnight at 4 ¡æ. The plates were then blocked with the
phosphate buffer containing 0.2 % BSA at 4 ¡æ for 3 h, and
then incubated with 100 µl of the serum sample 1:10 diluted
with a sample buffer (100 mM sodium phosphate buffer,
pH7.5 containing 10 % goat serum and 0.05 % Tween) at
37 ¡æ for 1 h. After being washed for five times with 100 mM
phosphate buffer (pH7.5) containing 0.05 % Tween, the plates
were then incubated for 30 min at 37 ¡æ with 1:25 000 diluted
HRP-conjugated monoclonal antibody against human IgG.
After washing, the reaction was visualized in the substrate
buffer (50 mM sodium phosphate-citric acid buffer, pH5.0
containing 0.4 mg/ml TMB and 0.4 µl/ml of 30 % hydrogen
peroxide). The reaction was stopped by adding 50 µl of 2 M
sulfuric acid, and the absorbance was measured in a microplates
ELISA reader at 450 nm.

RESULTS
Determination of 12 representative peptides
A total number of 123 sequences on HVR1 were reported in
China, and the derived consensus profile of them is shown in
Figure 2A. Some amino acid residues of HVR1 were shown
to be hypervariable, while those at position 385, 389, 406,
409 were conserved. The sequence on first line was defined
as CCS (Chinese consensus sequence), whose amino acid
residues emerged most frequently. CCS was chosen as the
first representative sequence, named HVR1-1#, being
different at some positions from Puntorieros consensus
sequence[13] (Figure 2B). The homology of the 123 sequences
was analyzed using the Goldkey software, and divided into 6
groups, HVR1-2 to 7# according to their alignment to CCS.
In this way 6 sequences named were obtained. HVR1-8# 9#
were from GenBank (L19383, S24080), both being broadly
cross-reactive with mice sera induced by mimotopes. HVR110# and 11# were sequences for the mimotope R9 and M122
respectively (Puntoriero et al, 1998), and HVR1-12# reported
by Watanabe[14].
A
1
5
10
15
20
25 27
STHVTGGAAGRTTSGFTSLFTPGPSQK
GHYTSAAVQAHSLRSLAGFLSSAAAKN
DSRAVTRTTSQAIQAIVNISALSSK N
N Q I I S S V H Y N A H R V M R M K N F R I
E TLM
KSTAGVYTKGTVTRR Q
T
Q KSHQEKNVMGIMIA YQTT
R V LDHQIDHAHYKKKHN
T F WEGRDIPLK S   MA
A L
   MR K K N Y   N
H S
FQ T
Q
I C
GR F
V
K D
SY K
Y
L I
W
Y
B
STHVTGGAAGRTTSGFTSLFTPGPSQK
E------S-A-----L----S--A--Figure 2 Derivation of the Chinese consensus sequence. (A) Consensus pattern of the 123 natural variants of the HCV HVR1 sequence used in this work. Shaded residues accounted alone for
80 % of the observed frequency. Residues were listed in decreasing order of observed frequency from top to bottom. The first line
was Chinese consensus sequence (CCS). (B) The Chinese consensus sequence (upper) was different with Puntoriero’s (lower).
Dashes indicate residues identical to the upper line.
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Reactivity of representative peptide with sera of panel I
Twelve representative HVR1 gene as shown in Figure 3, were
expressed in E.coil fused with human IL-1β. The HVR1/IL-1β
fusion protein migrated at the expected position of about 21 kD
(Figure 4). Twenty-seven HCV patients sera were used as panel
I to show the cross-reactivities of 12 representative HVR1 by
ELISA. As shown in Figure 5, all of the HVR1 peptide reacted
with more than one serum. No reactivity was detected to IL-1β
in sera of panel I, and none of the anti-HCV negative sera reacted
with the 12 recombinant peptides. The most broadly crossreactive HVR1 was HVR1-11#, and the Chinese consensus
sequence (CCS) which showed a higher cross-reactivity too.
We took HVR1-1,2,4,8# as components for the best cocktail,
because these 4 HVR1 peptides showed complementary
reactivities to the sera in panel I, as showed in Figure 5. There
overall cross-reactivity was found to be 25/27.
1#
2#
3#
4#
5#
6#
7#
8#
9#
10#
11#
12#

STHVTGGAAGRTTSGFTSLFTPGPSQK
STHVTGGVQGHSLRGLTSLFTSGPAQK
ITRVTGGVQGHSLRSLTSLFTPGPAQK
STHVTGAVQGRSLQSFTSFLSPGPSQK
DTHVTGGAAARGASGLANLFTSGPAQK
GTYVTGGATAHTASGFASLFTTGSKQN
TTHVTAGTAAHATSSFTKLFAPGAKQN
NTYVTGGSAAHTTSRFTSLFSPGPQQN
ETHTSGGSVARAAFGLTSIFSPGKSQN
TTTTTGGVQGHTTRGLVRLFSLGSKQN
DTTVTGGQAARTTQSFTSLFPPGPSQK
DTTVTGGQAARTTQSFTSLFTPGPSQK

Figure 3 The amino acid sequence of 12 representative HVR1
sequences. Amino acid residues were indicated by standard
single-letter codes.
94.0
66.2
43.0
31.0
20.1
14.4
M 1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 4 The Coomassic stain after SDS-PAGE of 12 purified representative and chimera HVR1 antigen. M. marker; 1-12. 12 purified representative HVR1 antigen; 13. chimera HVR1 antigen.
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Reactivity of chimera HVR1 antigen with panel I and panel II
HVR1-1#, 2#, 4# and 8# were ligated one by one in tandem
within plasmid pBVIL1. The chimeric protein was expressed
in HB101 and further purified (Figure 4).
As expected, a broader reactive spectrum was observed for
the chimeric HVR1 antigen. It was shown to be reactive with
all of the sera of panel I, including sera 73# and 39# which
were not reactive with any single HVR1 (Figure 5). For more
data 91 sera from HCV-infected patients were also used for
the assay as panel II, with 90 reactive with chimera antigen
(Table 1). The data indicated that application of the chimera
protein helped to acquire a higher cross-reactivity.
Table 1 Reactivity of F4HVR1 with another panel (91 sera of
HCV infected patient)
OD difference
between sera and co

No. of
reactive sera

>2.0
1.5~2.0
1.0~1.5
0.5~1.0
0.371
0.065

56
14
13
6
1
1

The adding up
percent of total sera
61.5
76.9
91.2
97.8
98

The cutoff of the ELISA was as defined in Figure 5.

DISCUSSION
HVR1, which contains a principal neutralization epitope in
HCV, is important for the development of HCV vaccine[4-7].
Due to the high mutation rate of HVR1, there are now hundreds
of HVR1 isolates reported, presenting a great obstacle for HCV
vaccine development[18-21]. It was suggested that to select a
highly cross-reactive HVR1 antigen could solve the variability
problem[22-27], thus highlighted the importance to study the
cross-reactivity of HVR1.
Most of the work about the cross-reactivity of HVR1
focused on single HVR1 antigen. However we think the crossreactivity of single HVR1 is limited. Recently, multi-epitope
chimeric antigen was used to improve the sensitivity of HCV
immunoassay reagents[28,29]. Here we provided evidence for
enhancing the cross-reactivity by constructing a chimeric
antigen that incorporates several representative HVR1 peptides.
Considering geographical variation of HVR1[30-33], we gave
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Figure 5 Reaction of the 12 representative HVR1s and chimera HVR1antigen (C) with 27 sera from HCV-infected patients. HVR1
names are indicated at the left of each column. For each serum (indicated on the bottom of each column) average values (A450)
    been determined from two independent experiments. The mean of 10 sera from non-infected individuals plus 4SD defined
     have
the cutoff (co). Results were expressed as the difference between the average value of the HCV antibody positive sera and co.
Strong positive values (>0.5) are indicated in black. And weak positive values are indicated in grey (0.15-0.5).
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priority to Chinese sequence when we selected representative
HVR1 sequences. The differences between CCS and
Puntorieros suggest the HVR1 variant found in China differs
to a certain extent from what occurred elsewhere[14]. The
chimeric antigen contains 3 representative HVR1 sequences
coming from China, and showed broad cross-reactivity with
sera of the HCV-infected patients.
The reported HVR1 antigen or mimotope could cross-react
with no more than 80 % of sera containing HCV antibodies[22-27].
Chimeric HVR1 antigen could cross-react with 90/91 (98 %)
of tested sera. The results also suggested that most of HCV
infected patients could generate some antibodies against HVR1.
The possible association between HVR1 antibody and the selflimiting course of HCV infection and a more favorable response
to interferon[34-40], remains to be evaluated in the following study.
Evidently, the reaction spectrum of the chimera HVR1
antigen include the total cross-reactivity of the representative
HVR1 antigen contained. Interestingly, the chimera HVR1
antigen could react with sera 73# and 39#, which are not
definitely reactive with any of the four representative HVR1.
In our consideration, those samples might react with some of
the representative HVR1 used for ligation, but reactions are
too weak to be detected. The OD value would be elevated when
4 HVR1 is added up together.
In this study, we used a prepared chimeric antigen instead
of synthetic peptides[41-43]. The antigen may also be used in the
study for the HCV vaccine. In addition, the chimeric antigen
is fused with IL-1β. The latter part contains a nano-peptide
sequence. It may act as an immune adjuvant[44-46], promoting a
strong immune response when injected.
In summary, the chimeric HVR1 antigen, containing several
representative HVR1 fragments, can show very high crossreactivity, which may be helpful to overcome the variability
of HCV. The chimeric HVR1 antigen is of potential application
for HCV vaccination and immune therapy.

1259

10

11

12

13

14

15

16

17

18

19

REFERENCES
1
2

3
4

5

6

7

8

9

Alter HJ. To C or not to C. these are the questions.Blood 1995; 85:
1681-1695
Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton
M. Isolation of a cDNA clone derived from a blood-borne nonA, non-B viral hepatitis genome. Science 1989; 244: 359-362
Sela B. New approaches to immune against hepatitis C virus
Harefuah 2002; 141: 1076-1080
Esumi M, Rikihisa T, Nishimura S, Goto J, Mizuno K, Zhou YH,
Shikata T. Experimental vaccine activities of recombinant E1 and
E2 glycoproteins and hypervariable region 1 peptides of hepatitis C virus in chimpanzees. Arch Virol 1999; 144: 973-980
Farci P, Alter HJ, Wong DC, Miller RH, Govindarajan S, Engle R,
Shapiro M, Purcell RH. Prevention of hepatitis C virus infection
in chimpanzees after antibody-mediated in vitro neutralization.
Proc Natl Acad Sci U S A 1994; 91: 7792-7796
Cerino A, Meola A, Segagni L, Furione M, Marciano S, Triyatni
M, Liang TJ, Nicosia A, Mondelli MU. Monoclonal antibodies
with broad specificity for hepatitis C virus hypervariable region 1 variants can recognize viral particles. J Immunol 2001;
167: 3878-3886
Farci P, Shimoda A, Wong D, Cabezon T, De Gioannis D,
Strazzera A, Shimizu Y, Shapiro M, Alter HJ, Purcell RH. Prevention of hepatitis C virus infection in chimpanzees by
hyperimmune serum against the hypervariable region 1 of the
envelope 2 protein. Proc Natl Acad Sci U S A 1996; 93: 15394-15399
Zhou YH, Takekoshi M, Maeda F, Ihara S, Esumi M. Recombinant antibody Fab against the hypervariable region 1 of hepatitis C virus blocks the virus adsorption to susceptible cells in vitro.
Antiviral Res 2002; 56: 51-59
Goto J, Nishimura S, Esumi M, Makizumi K, Rikihisa T, Nishihara
T, Mizuno K, Zhou Y, Shikata T, Fujiyama S, Tomita K. Prevention of hepatitis C virus infection in a chimpanzee by vaccination and epitope mapping of antiserum directed against

20

21

22

23

24

25

26

hypervariable region 1. Hepatol Res 2001; 19: 270-283
Zibert A, Schreier E, Roggendorf M. Antibodies in human sera
specific to hypervariable region 1 of hepatitis C virus can block
viral attachment. Virology 1995; 208: 653-661
Korenaga M, Hino K, Katoh Y, Yamaguchi Y, Okuda M, Yoshioka
K, Okita K. A possible role of hypervariable region 1 quasispecies
in escape of hepatitis C virus particles from neutralization. J Viral Hepat 2001; 8: 331-340
Gao G, Buskell Z, Seeff L, Tabor E. Drift in the hypervariable
region of the hepatitis C virus during 27 years in two patients. J
Med Virol 2002; 68: 60-67
Scarselli E, Cerino A, Esposito G, Silini E, Mondelli MU, Traboni
C. Occurrence of antibodies reactive with more than one variant
of the putative envelope glycoprotein (gp70) hypervariable region 1 in viremic hepatitis C virus-infected patients. J Virol 1995;
69: 4407-4412
Puntoriero G, Meola A, Lahm A, Zucchelli S, Ercole BB, Tafi R,
Pezzanera M, Mondelli MU, Cortese R, Tramontano A, Galfre’
G, Nicosia A. Towards a solution for hepatitis C virus
hypervariability: mimotopes of the hypervariable region 1 can
induce antibodies cross-reacting with a large number of viral
variants. EMBO J 1998; 17: 3521-3533
Watanabe K, Yoshioka K, Ito H, Ishigami M, Takagi K,
Utsunomiya S, Kobayashi M, Kishimoto H, Yano M, Kakumu S.
The hypervariable region 1 protein of hepatitis C virus broadly
reactive with sera of patients with chronic hepatitis C has a similar amino acid sequence with the consensus sequence. Virology
1999; 264: 153-158
Mondelli MU, Cerino A, Segagni L, Meola A, Cividini A, Silini
E, Nicosia A. Hypervariable region 1 of hepatitis C virus: immunological decoy or biologically relevant domain? Antiviral Res
2001; 52: 153-159
Rispeter K, Lu M, Behrens SE, Fumiko C, Yoshida T, Roggendorf
M. Hepatitis C virus variability: sequence analysis of an isolate
after 10 years of chronic infection. Virus Genes 2000; 21: 179-188
Fan X, Di Bisceglie AM. Genetic characterization of hypervariable
region 1 in patients chronically infected with hepatitis C virus
genotype 2. J Med Virol 2001; 64: 325-333
Lin HJ, Seeff LB, Barbosa L, Hollinger FB. Occurrence of identical hypervariable region 1 sequences of hepatitis C virus in transfusion recipients and their respective blood donors: divergence
over time. Hepatology 2001; 34: 424-429
Lu L, Nakano T, Orito E, Mizokami M, Robertson BH. Evaluation of accumulation of hepatitis C virus mutations in a chronically infected chimpanzee: comparison of the core, E1, HVR1,
and NS5b regions. J Virol 2001; 75: 3004-3009
Ray SC, Wang YM, Laeyendecker O, Ticehurst JR, Villano SA,
Thomas DL. Acute hepatitis C virus structural gene sequences as
predictors of persistent viremia: hypervariable region 1 as a decoy.
J Virol 1999; 73: 2938-2946
Zucchelli S, Roccasecca R, Meola A, Ercole BB, Tafi R, Dubuisson
J, Galfre G, Cortese R, Nicosia A. Mimotopes of the hepatitis C
virus hypervariable region 1, but not the natural sequences, induce cross-reactive antibody response by genetic immunization.
Hepatology 2001; 33: 692-703
Roccasecca R, Folgori A, Ercole BB, Puntoriero G, Lahm A,
Zucchelli S, Tafi R, Pezzanera M, Galfre G, Tramontano A,
Mondelli MU, Pessi A, Nicosia A, Cortese R, Meola A. Induction
of cross-reactive humoral immune response by immunization
with mimotopes of the hypervariable region 1 of the hepatitis C
virus. Int Rev Immunol 2001; 20: 289-300
Roccasecca R, Folgori A, Ercole BB, Puntoriero G, Lahm A,
Zucchelli S, Tafi R, Pezzanera M, Galfre G, Tramontano A,
Mondelli MU, Pessi A, Nicosia A, Cortese R, Meola A. Mimotopes
of the hyper variable region 1 of the hepatitis C virus induce
cross-reactive antibodies directed against discontinuous epitopes.
Mol Immunol 2001; 38: 485-492
Li C, Candotti D, Allain JP. Production and characterization
of monoclonal antibodies specific for a conserved epitope
within hepatitis C virus hypervariable region 1. J Virol 2001;
75: 12412-12420
Shang D, Zhai W, Allain JP. Broadly cross-reactive, high-affinity antibody to hypervariable region 1 of the hepatitis C virus in
rabbits. Virology 1999; 258: 396-405

1260
27

28

29

30
31
32

33

34

35

36

ISSN 1007-9327

CN 14-1219/ R

Zhou YH, Moriyama M, Esumi M. Multiple sequence-reactive
antibodies induced by a single peptide immunization with
hypervariable region 1 of hepatitis C virus. Virology 1999; 256:
360-370
Yagi S, Kashiwakuma T, Yamaguchi K, Chiba Y, Ohtsuka E,
Hasegawa A. An epitope chimeric antigen for the hepatitis C
virus serological screening test. Biol Pharm Bull 1996; 19: 12541260
Paolini R, Marson P, Vicarioto M, Ongaro G, Viero M, Girolami
A. Anti-hepatitis C virus serology in patients affected with congenital coagulation defects: a comparative study using three second generation ELISA tests. Transfus Sci 1994; 15: 303-311
Bosch FX, Ribes J. Epidemiology of liver cancer in Europe. Can J
Gastroenterol 2000; 14: 621-630
Simmonds P. Viral heterogeneity of the hepatitis C virus. J Hepatol
1999; 31(Suppl 31): 54-60
Cai Q, Zhang X, Tian L, Yuan M, Jin G, Lu Z. Variant analysis
and immunogenicity prediction of envelope gene of HCV strains
from China. J Med Virol 2002; 67: 490-500
Oliveira ML, Bastos FI, Sabino RR, Paetzold U, Schreier E, Pauli
G, Yoshida CF. Distribution of HCV genotypes among different
exposure categories in Brazil. Braz J Med Biol Res 1999; 32: 279282
Zibert A, Meisel H, Kraas W, Schulz A, Jung G, Roggendorf M.
Early antibody response against hypervariable region 1 is associated with acute self-limiting infections of hepatitis C virus.
Hepatology 1997; 25: 1245-1249
Lechner S, Rispeter K, Meisel H, Kraas W, Jung G, Roggendorf
M, Zibert A. Antibodies directed to envelope proteins of hepatitis C virus outside of hypervariable region 1. Virology 1998; 243:
313-321
Isaguliants MG, Widell A, Zhang SM, Sidorchuk A, Levi M,
Smirnov VD, Santantonio T, Diepolder HM, Pape GR, Nordenfelt
E. Antibody responses against B-cell epitopes of the hypervariable
region 1 of hepatitis C virus in self-limiting and chronic human
hepatitis C followed-up using consensus peptides.J Med Virol
2002; 66: 204-217

World J Gastroenterol
37

38

39

40

41

42

43

44

45
46

Jun 15, 2003 Volume 9 Number 6

Del Porto P, Puntoriero G, Scotta C, Nicosia A, Piccolella E. High
prevalence of hypervariable region 1-specific and -cross-reactive
CD4(+) T cells in HCV-infected individuals responsive to IFNalpha treatment. Virology 2000; 269: 313-324
Hjalmarsson S, Blomberg J, Grillner L, Pipkorn R, Allander T.
Sequence evolution and cross-reactive antibody responses to
hypervariable region 1 in acute hepatitis C virus infection. J Med
Virol 2001; 64: 117-124
Hattori M, Yoshioka K, Aiyama T, Iwata K, Terazawa Y, Ishigami
M, Yano M, Kakumu S. Broadly reactive antibodies to
hypervariable region 1 in hepatitis C virus-infected patient sera:
relation to viral loads and response to interferon. Hepatology 1998;
27: 1703-1710
Pawlotsky JM, Germanidis G, Frainais PO, Bouvier M, Soulier
A, Pellerin M, Dhumeaux D. Evolution of the hepatitis C virus
second envelope protein hypervariable region in chronically infected patients receiving alpha interferon therapy. J Virol 1999;
73: 6490-6499
Zhou YH, Sugitani M, Esumi M. Sequences in the hypervariable
region 1 of hepatitis C virus show only minimal variability in
the presence of antibodies against hypervariable region 1 during
acute infection in chimpanzees. Arch Virol 2002; 147: 1955-1962
Wang Y, Hao F, Huang Y. Molecular design and immunoreactivity studies of multiple antigen peptide corresponding to
hypervariable region 1 sequence of hepatitis C virus. Zhonghua
Ganzangbing Zazhi 2000; 8: 48-50
Duenas-Carrera S, Vina A, Garay HE, Reyes O, AlvarezLajonchere L, Guerra I, Gonzalez LJ, Morales J. Immunological
evaluation of Escherichia coli-derived hepatitis C virus second
envelope protein (E2) variants. J Pept Res 2001; 58: 221-228
Bockmann S, Mohrdieck K, Paegelow I. Influence of interleukin1 beta on bradykinin-induced responses in guinea pig peritoneal
macrophages. Inflamm Res 1999; 48: 56-62
Akasu T, Tsurusaki M. Effects of interleukin-1 beta on neurons
in mammalian pelvic ganglia. Kurume Med J 1999; 46: 143-150
Boraschi D, Tagliabue A. Interleukin-1 and interleukin-1 fragments as vaccine adjuvants. Methods 1999; 19: 108-113
Edited by Su Q and Wang XL

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

World J Gastroenterol 2003;9(6):1261-1264
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• VIRAL HEPATITIS •

TT virus infection in patients with chronic hepatitis B and response
of TTV to lamivudine
Javier Moreno Garcia, Rafael Barcena Marugan, Gloria Moraleda Garcia, M Luisa Mateos Lindeman,
Jesus Fortun Abete, Santos del Campo Terron
Javier Moreno Garcia, Rafael Barcena Marugan, Gloria
Moraleda Garcia, Santos del Campo Terron, Department of
Gastroenterology, Hospital Ramony Cajal, Madrid, Spain
M Luisa Mateos Lindeman, Department of Microbiology, Hospital
Ramony Cajal, Madrid, Spain
Jesus Fortun Abete, Department of Infectious Diseases, Hospital
Ramony Cajal, Madrid, Spain
Supported by Fundacion Manchega de Investigaciony Docencia en
Gastroenterologia
Correspondence to: Dr. Rafael Barcena Marugan, Department of
Gastroenterology, Hospital Ramony Cajal, Ctra. Colmenar, Km 9.1,
28034 Madrid, Spain. rbarcena.hrc@salud.madrid.org
Telephone: +34-91-3368093 Fax: +34-91-7291456
Received: 2003-02-25 Accepted: 2003-03-16

Abstract
AIM: To investigate the responses of TT virus (TTV) and
hepatitis B virus (HBV) to a long-term lamivudine therapy.
METHODS: Sixteen patients infected with both TTV and
HBV were treated with lamivudine 100 mg daily for 30
months. Blood samples were drawn at the beginning of the
therapy and subsequently at month 3, 6, 9, 12 and 30.
Serum TTV was quantified by real time PCR and serum HBV
was detected by hybridization assay and nested polymerase
chain reaction.
RESULTS: TTV infection was detected in 100 % of HBVinfected patients. Loss of serum TTV DNA after one year of
treatment occurred in 1/16 (6 %) patients. At the end of
therapy, TTV DNA was positive in 94 % of them. The decline
of HBV viremia was evident at 3 months after therapy and
the response rate was 31 %, 44 %, 63 %, 50 % and 50 %
at month 3, 6, 9, 12 and 30, respectively.
CONCLUSION: TTV replication is not sensitive to lamivudine
and is highly prevalent in HBV-infected patients.
Garcia JM, Marugan RB, Garcia GM, Lindeman MLM, Abete JF,
Terron SC. TT virus infection in patients with chronic hepatitis B
and response of TTV to lamivudine. World J Gastroenterol 2003;
9(6): 1261-1264
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INTRODUCTION
TT virus (TTV) was recently discovered in a patient with posttransfusional hepatitis of unknown etiology[1]. Its genome is a
circular, single-stranded DNA of negative polarity, which
shares similarities with the members of the Circoviridae
family[2]. In contrast to DNA viruses, TTV isolates exhibit a
high level of genetic heterogeneity[3]. TTV presents an extreme
diffusion of active infection throughout the world [4]. Its
presence in blood products could indicate that TTV can be
transmitted through transfusion [5]. Although it has been
proposed that TT virus might be responsible for the small

proportion of acute and chronic forms of hepatitis that still
remain unsolved, no other illness has yet been attributed to
the virus.
Hepatitis B virus (HBV) causes transient and chronic
infections of the liver, which may progress to cirrhosis and
eventually to hepatocellular carcinoma (HCC)[6]. Interferon
(IFN)-alpha is the only approved drug for the treatment of
chronic HBV infection, but the recent registration of
lamivudine, a dideoxycytidine analogue that inhibits both the
HIV and HBV reverse transcriptases, has provided new
perspectives for the treatment of chronic HBV infection[7, 8].
Coinfection of TTV and HBV is commonly seen because both
viruses share the same transmission routes such as blood
transfusion [9]. In previous studies, IFN therapy has been
reported effective against TTV[10], but the possible susceptibility
of the virus to lamivudine treatment has not yet been
investigated. Thus, the aims of this study were: (1) to know
the impact of TTV in patients with chronic hepatitis B; (2) to
investigate the response of TTV to lamivudine therapy; and
(3) to evaluate whether the outcome of long term lamivudine
therapy in chronic hepatitis B is influenced by a TTV
coinfection.

MATERIALS AND METHODS
Patients
The study group consisted of 16 patients (12 males and 4
females; mean age: 52.62 years; range: 33 and 66 years) with
chronic dual HBV and TTV infection. The diagnosis of chronic
hepatitis was made on the basis of clinical and histological
results. Patients included 15 cases of liver cirrhosis and 1
hepatocarcinoma. In 9 patients the transmission route was
unknown, 2 had a history of blood transfusion, 2 developed
HBV infection after liver transplantation, 1 had primary biliary
cirrhosis and 2 were addicts to alcohol. At the beginning of the
therapy, all patients were positive to HBV DNA by solution
hybridization assay and had elevated alanine aminotransferase
(ALT) levels that were 3 times of the upper normal limit (normal
range: 5-45 IU/L). Nine patients were hepatitis B e antigen
(HBeAg) positive, 5 had antibodies against HBeAg (anti-HBe)
and 2 patients were negative to both HBeAg and anti-HBe.
Ten patients underwent liver transplantation; 8 of them for
HBV-related liver cirrhosis. The remaining 2 patients without
evidence of HBV infection before allograft developed a de
novo post-transplant HBV infection.
Lamivudine (Glaxo Wellcome, UK) was given orally to all
patients at a dose of 100 mg daily for 30 months. Blood samples
were taken at the baseline time and subsequently were obtained
at month 3, 6, 9, 12 and 30. To evaluate the effects of
lamivudine, levels of ALT, TTV DNA and HBV DNA and
viral serological markers were evaluated at each time. HBV
complete responders to lamivudine therapy were defined as
patients showing clearance of serum HBV DNA by nested
polymerase chain reaction (PCR) and normal ALT levels at
30 months of treatment. All patients gave written informed
consent before the enrollment in the study, which was approved
by the ethics committees of the hospital.
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Detection and quantification of TTV DNA
TTV DNA quantification was carried out with a real time PCR
by the SYBR Green approach using primers targeting the
untranslated region (UTR) of the viral genome: forward primer
T801: 5’-GCTACGTCACTAACCACG-3’, position 6 to 25;
reverse primer T935: 5’-CTGCGGTGTGTAAACTCACC-3’,
position 185 to 204[11]. Total DNA was purified from 200 µl of
serum using the High Pure Viral Nucleic Acid Kit (Roche
Diagnostic, Mannheim, Germany) and eluted in a final volume
of 50 µl. Real time PCR was done using 2 µl of the eluted
DNA with 0.2 µM of each primer in 23 µl 2×SYBR Green
PCR mix (Qiagen). The cycling conditions were: 95 for 10
min to activate the DNA polymerase followed by 45 cycles of
amplification: 95 for 15 sec, 62 for 30 sec and 72 for
30 sec.
HBV markers
Hepatitis B surface antigen (HBsAg), hepatitis B e antigen
(HBeAg) and antibodies to HBsAg, HBeAg and hepatitis B c
antigen (HBcAg) were determined by immunoassay (EIA;
Abbott Laboratories, N Chicago, IL). Serum HBV DNA levels
at the beginning of lamivudine therapy were quantified using
Abbott hybridization assay. Viral DNA during the following
time points was detected by nested PCR[12].
Statistical analysis
Statistical analysis was performed using Student’s t test. Data
were analyzed with the computer program SPSS (SPSS Inc.,
Chicago, IL, USA). A probability (P) value of less than 0.05
was considered statistically significant.
RESULTS
Detection and response of TTV to lamivudine therapy
Sixteen patients doubly infected with TTV and HBV were
monitored for levels of both viruses in serum, at selected time
points, during the lamivudine treatment by real time and nested
PCR methodology, respectively. Of the 16 patients, serum TTV
DNA could be detected in all of them by real time PCR at the
beginning of lamivudine therapy, with TTV values that ranged
between 8.7×103 to 1.9×108 genomes per ml of serum (mean:
5.7×10 8 genomes/ml). After 30 months of lamivudine
treatment, 15/16 patients (94 %) still had TTV DNA in serum
and TTV values ranged between 3×104 to 4.2×108 genomes
per ml of serum (mean: 4.3×107 genomes/ml). The patient who
became negative to TTV DNA lost this marker after 12 months
of treatment and he still remained TTV DNA negative until
the end of therapy. The TTV DNA value of this patient at
baseline time point was 8×104 viral genomes per ml of serum.
However, this patient did not respond to the lamivudine therapy
and he was serum HBV DNA positive at each time point. With
respect to the 15 positive TTV DNA patients, at the end of the
treatment and relative to baseline levels, 1 patient (7 %) showed
unchanged serum TTV DNA levels, 6 patients (40 %) had 6
times of reduction of serum TTV load and 8 cases (53 %)
presented 8 times of increase of the levels of TTV DNA in
serum.
Changes in serum TTV DNA concentration with respect to
HBV non-responsive and responsive patients to lamivudine
treatment were also analyzed. It was found that there was no
statistically significant difference when basal and final serum
samples were compared between both groups (Table 1) or when
basal and final serum samples were compared in the same group
(Table 2).
Finally, serum TTV DNA values in patients with or without
liver transplants were evaluated as well. Once again, there were
not significant differences when baseline and final serum
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samples were compared between non-transplanted and
transplanted patients (Table 3) or when baseline and final serum
samples were compared between non-transplanted or
transplanted patients (Table 4).
Table 1 Comparison of serum TTV DNA concentration
changes before treatment and at the end of treatment
Non-responders (n=7)

Responders (n=8)

Pa

Before treatment

4.6×107

8.0×107

0.66

End of treatment

1.1×108

3.4×107

0.29

TTV DNA concentration was expressed as viral genomes/ml
of serum. aStudent’s t-test, HBV non-responsive patients vs.
responsive patients to lamivudine therapy.
Table 2 Changes of TTV DNA concentration in HBV nonresponsive and responsive patients to lamivudine therapy
Before treatment

End of treatment

Pa

Non-responders (n=7)

4.6×107

1.1×108

0.60

Responders (n=8)

8.0×107

3.4×107

0.55

TTV DNA concentration was expressed as viral genomes/ml
of serum. aStudent’s t-test, before vs at the end of treatment.
Table 3 Comparison of serum TTV DNA concentration
changes before treatment and at the end of treatment
Non-transplanted (n=5)

Transplanted (n=10)

Before treatment

1.2×107

8.9×107

0.22

End of treatment

8.8×10

1.0×108

0.07

6

Pa

TTV DNA concentration was expressed as viral genomes/ml
of serum. aStudent´s t-test, non-transplanted vs. transplanted
patients.
Table 4 Changes in TTV DNA concentration in non-transplanted and transplanted patients
Before treatment

End of treatment

Pa

Non-transplanted (n=5)

1.2×107

8.8×106

0.59

Transplanted (n=10)

8.9×107

1.0×108

0.87

TTV DNA concentration was expressed as viral genomes/ml
of serum. aStudent´s t-test, before vs at the end of treatment.

HBV response to lamivudine treatment
At the baseline time point, HBV DNA values ranged between
4.2×109 and 8.4×1011 DNA genomes per ml of serum (mean:
1.2×1011 genomes/ml). The decline of HBV viremia was clearly
evident at month 3 after therapy and the response rate was
31 %, 44 %, 63 %, 50 % and 50 % at month 3, 6, 9, 12 and 30,
respectively. When compared between responsive and nonresponsive patients, the vesponders had almost 4 times the value
of the non-responder ones but the difference was not significant
(2.6×1011 vs 7×1010 genomes per ml of serum, respectively).
Also, there was no significant difference in baseline of ALT
levels between responsive and non-responsive patients (117
IU/L vs. 123 IU/L, respectively). However, differences were
statistically significant in post-treatment ALT levels between
responsive and non-responsive patients (37 IU/L vs 128 IU/L,
respectively; P=0.03). Of the 5 HBeAg positive patients, 2
seroconverted to anti-HBe by month 12. The other 3 patients
still remained HBeAg positive after 30 months of lamivudine
therapy. In the 2 HBeAg and anti-HBe negative patients, they
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developed anti-HBe by month 3.
With respect to the 10 liver transplant recipients, 4 patients
(40 %) started to receive lamivudine treatment after recurrent
allograft re-infection. In these cases, serum HBV DNA was
still detectable after 30 months of therapy. However, in those
6 patients who started lamivudine administration before liver
transplantation as a prophylaxis regimen, 5 (50 %) lost viral
DNA at month 3 of treatment, and then they underwent liver
allograft and remained HBV DNA negative throughout the
therapy. By contrast, the remaining patient developed a
recurrent HBV infection at month 6 of post-transplant.

DISCUSSION
Since TTV was discovered a few years ago, many studies have
been done trying to assess whether it causes liver disease;
however, there is still a poor understanding of its molecular
properties and pathogenic potential.
This study shows, in agreement with other groups, that TTV
infection is chronic and characterized by the continued presence
of high virus loads in serum with wide variations ranging
between 103 and 108 genomes per ml[13, 14]. Over a period of 30
months, 96 % of the patients presented high TTV DNA levels;
however, in some individuals, viremia levels fluctuated
extensively while they remained essentially constant in others.
Different epidemiological studies have clearly indicated that
TTV can behave as a transmissible blood-borne virus sharing
common transmission routes with the hepatitis viruses. Then,
coinfection of TTV is frequently observed in patients with
chronic hepatitis B[9]. One important finding in our study is
that 100 % of patients infected with HBV were TTV DNApositive by real-time PCR. These results suggest that the
prevalence of TTV infection is very high in the HBV-infected
population. However, our results are in disagreement with
other studies that reported TTV DNA rates between 15 % and
36 %[15-17]. One explanation for this result might be due to the
different primers used for the detection of TTV DNA; we used
a set of primers that already showed 92 % positivity to TTV in
healthy adults in Japan[11]. Another possible explanation why
these patients were TTV positive is their histological status:
94 % of them presented cirrhosis. A TTV well-recognized
feature is that TTV infection is chronic and tends to last many
years, so it could be that TTV infection is more prevalent in
patients with advanced HBV-associated liver disease than in
those with stable disease.
However, the most novel and interesting information that
emerged from this study is that lamivudine treatment in a
regimen of 100 mg daily and for a period of 30 months did not
inhibit TTV replication in patients coinfected with HBV and
TTV. Only one individual (6 %) of the 16 patients enrolled in
the study became serum TTV DNA negative after 12 months
of therapy. This observation could suggest that this patient
lost TTV in a spontaneous way and not by effect of lamivudine
on TTV replication.
With respect to the effect of lamivudine treatment of chronic
hepatitis B, this study confirms earlier reports where HBV
infection responded positively to lamivudine treatment[18-20].
The response of HBV to lamivudine treatment was not affected
with the concurrent TTV infection. This observation can be
explained by two reasons. Firstly, the changes observed in ALT
values during the lamivudine treatment period were correlated
with the change of HBV DNA in chronic hepatitis B; it seemed
that ALT dynamic was unrelated to TTV viremia. Secondly,
TTV viremia was not related to different HBV DNA levels, so
TTV did not seem to interfere with HBV replication. Thus, in
agreement with many other published studies, TTV may lack
clinical association with liver disease in these patients[21, 22].
Finally, it has been suggested a relationship between an
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increased TTV viral load and host immunological disorders[23].
In immunosuppressed patients, such as recipients of liver
transplants, TTV viremia could be higher than that in
individuals without liver allografts. However, we did not find
any significant difference in TTV viral load when both groups
were compared, even if transplanted patients had always higher
TTV titers. Based on our results it seems that immune system
is not involved in elevated TTV viremia in HBV patients,
although more extensive studies need to be performed to prove
this hypothesis.
In conclusion, during the lamivudine therapy for chronic
hepatitis B, disappearance of TTV does not occur in the
majority of the HBV-infected patients which supports the
interpretation that lamivudine does not inhibit TTV replication.
Moreover, this study shows the highly prevalence of TTV
infection in patients with chronic hepatitis B, but without any
effect on the course of HBV infection.

REFERENCES
1

2

3

4

5
6
7

8
9

10

11

12
13

14

Nishizawa T, Okamoto H, Konishi K, Yoshizawa H, Miyakawa
Y, Mayumi M. A novel DNA virus (TTV) associated with elevated
transaminase levels in posttransfusion hepatitis of unknown
etiology. Biochem Biophys Res Commun 1997; 241: 92-97
Miyata H, Tsunoda H, Kazi A, Yamada A, Khan MA, Murakami
J, Kamahora T, Shiraki K, Hino S. Identification of a novel GCrich 113-nucleotide region to complete the circular, singlestranded DNA genome of TT virus, the first human circovirus. J
Virol 1999; 73: 3582-3586
Hijikata M, Takahashi K, Mishiro S. Complete circular DNA
genome of a TT virus variant (isolate name SANBAN) and 44
partial ORF2 sequences implicating a great degree of diversity
beyond genotypes. Virology 1999; 260: 17-22
Abe K, Inami T, Asano K, Miyoshi C, Masaki N, Hayashi S,
Ishikawa K, Takebe Y, Win KM, El Zayadi AR, Han KH, Zhang
DY. TT virus infection is widespread in the general populations from different geographic regions. J Clin Microbiol 1999;
37: 2703-2705
Matsumoto A, Yeo AE, Shih JW, Tanaka E, Kiyosawa K, Alter
HJ. Transfusion-associated TT virus infection and its relationship to liver disease. Hepatology 1999; 30: 283-288
Lee WM. Hepatitis B virus infection. N Engl J Med 1997; 337:
1733-1745
Eron JJ, Benoit SL, Jemsek J, MacArthur RD, Santana J, Quinn JB,
Kuritzkes DR, Fallon MA, Rubin M. Treatment with lamivudine,
zidovudine, or both in HIV-positive patients with 200 to 500
CD4+ cells per cubic millimeter. North American HIV Working
Party. N Engl J Med 1995; 333: 1662-1669
Dienstag JL, Perrillo RP, Schiff ER, Bartholomew M, Vicary C,
Rubin M. A preliminary trial of lamivudine for chronic hepatitis
B infection. N Engl J Med 1995; 333: 1657-1661
Kao JH, Chen W, Chen PJ, Lai MY, Chen DS. TT virus infection in patients with chronic hepatitis B or C: influence on
clinical, histological and virological features. J Med Virol 2000;
60: 387-392
Nishizawa Y, Tanaka E, Orii K, Rokuhara A, Ichijo T, Yoshizawa
K, Kiyosawa K. Clinical impact of genotype 1 TT virus infection
in patients with chronic hepatitis C and response of TT virus to
alpha-interferon. J Gastroenterol Hepatol 2000; 15: 1292-1297
Takahashi K, Hoshino H, Ohta Y, Yoshida N, Mishiro S. Very
high prevalence of TT virus (TTV) infection in general population of Japan revealed by a new set of PCR primers. Hepatol Res
1998; 12: 233-239
Lindh M, Gonzalez JE, Norkrans G, Horal P. Genotyping of hepatitis B virus by restriction pattern analysis of a pre-S amplicon. J
Virol Methods 1998; 72: 163-174
Lefrere JJ, Roudot-Thoraval F, Lefrere F, Kanfer A, Mariotti M,
Lerable J, Thauvin M, Lefevre G, Rouger P, Girot R. Natural history of the TT virus infection through follow-up of TTV DNApositive multiple-transfused patients. Blood 2000; 95: 347-351
Oguchi T, Tanaka E, Orii K, Kobayashi M, Hora K, Kiyosawa K.
Transmission of and liver injury by TT virus in patients on maintenance hemodialysis. J Gastroenterol 1999; 34: 234-240

1264
15
16
17

18

19

ISSN 1007-9327

CN 14-1219/ R

Lai YC, Hu RT, Yang SS, Wu CH. Coinfection of TT virus and
response to interferon therapy in patients with chronic hepatitis
B or C. World J Gastroenterol 2002; 8: 567-570
Naoumov NV, Petrova EP, Thomas MG, Williams R. Presence
of a newly described human DNA virus (TTV) in patients with
liver disease. Lancet 1998; 352: 195-197
Tanaka H, Okamoto H, Luengrojanakul P, Chainuvati T, Tsuda
F, Tanaka T, Miyakawa Y, Mayumi M. Infection with an
unenveloped DNA virus (TTV) associated with posttransfusion
non-A to G hepatitis in hepatitis patients and healthy blood donors in Thailand. J Med Virol 1998; 56: 234-238
Lai CL, Chien RN, Leung NW, Chang TT, Guan R, Tai DI, Ng
KY, Wu PC, Dent JC, Barber J, Stephenson SL, Gray DF. A oneyear trial of lamivudine for chronic hepatitis B. Asia Hepatitis
Lamivudine Study Group. N Engl J Med 1998; 339: 61-68
Leung NW, Lai CL, Chang TT, Guan R, Lee CM, Ng KY, Lim SG,
Wu PC, Dent JC, Edmundson S, Condreay LD, Chien RN. Extended lamivudine treatment in patients with chronic hepatitis

World J Gastroenterol

20
21

22

23

Jun 15, 2003 Volume 9 Number 6

B enhances hepatitis B e antigen seroconversion rates: results after 3 years of therapy. Hepatology 2001; 33: 1527-1532
Leung N. Liver disease-significant improvement with
lamivudine. J Med Virol 2000; 61: 380-385
Gimenez-Barcons M, Forns X, Ampurdanes S, Guilera M, Soler
M, Soguero C, Sanchez-Fueyo A, Mas A, Bruix J, Sanchez-Tapias
JM, Rodes J, Saiz JC. Infection with a novel human DNA virus
(TTV) has no pathogenic significance in patients with liver
diseases. J Hepatol 1999; 30: 1028-1034
Forns X, Hegerich P, Darnell A, Emerson SU, Purcell RH, Bukh J.
High prevalence of TT virus (TTV) infection in patients on maintenance hemodialysis: frequent mixed infections with different
genotypes and lack of evidence of associated liver disease. J Med
Virol 1999; 59: 313-317
Touinssi M, Gallian P, Biagini P, Attoui H, Vialettes B, Berland Y,
Tamalet C, Dhiver C, Ravaux I, De Micco P, De Lamballerie X. TT
virus infection: prevalence of elevated viremia and arguments for
the immune control of viral load. J Clin Virol 2002; 21: 135-141
Edited by Xu XQ and Zhu LH

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

World J Gastroenterol 2003;9(6):1265-1269
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• H.pylori •

Antralization at the edge of proximal gastric ulcers: Does
Helicobacter pylori infection play a role?
Harry Hua-Xinag Xia, Shiu Kum Lam, Wai Man Wong, Wayne Hsing Cheng Hu, Kam Chuen Lai, Sau Hing Wong,
Suet Yi Leung, Siu Tsan Yuen, Nicholas A. Wright, Benjamin Chun-Yu Wong
Harry Hua-Xinag Xia, Shiu Kum Lam, Wai Man Wong, Wayne
Hsing Cheng Hu, Kam Chuen Lai, Sau Hing Wong, Benjamin
Chun-Yu Wong, Department of Medicine, The University of Hong
Kong, Hong Kong SAR, China
Suet Yi Leung, Siu Tsan Yuen, Department of Pathology, The
University of Hong Kong, Hong Kong SAR, China
Nicholas A. Wright, Histopathology Unit, London Research Institute,
Cancer Research, UK
Supported by the Seed Funding for Basic Research 2001 (301/01),
The University of Hong Kong, and a competitive earmarked research
grant from the Research Grants Council of Hong Kong Special
Administrative Region, China (HKU7318/01M) to HH-X Xia
Correspondence to: Dr Benjamin CY Wong, Department of Medicine,
The University of Hong Kong, Queen Mary Hospital, Hong Kong,
China. bcywong@hku.hk
Telephone: +852-28554541 Fax: +852-28725828
Received: 2003-03-04 Accepted: 2003-03-08

Abstract
AIM: To determine the prevalence of antralization at the
edge of proximal gastric ulcers, and the effect of H. pylori
eradication on the mucosal appearances.
METHODS: Biopsies were taken from the antrum, body
and the ulcer edge of patients with benign proximal gastric
ulcers before and one year after treatment. Gastric mucosa
was classified as antral, transitional or body type. H. pylori
positive patients received either triple therapy, or omeprazole.
RESULTS: Patients with index ulcers in the incisura, body
or fundus (n=116) were analyzed. Antral-type mucosa was
more prevalent at the ulcer edge in H. pylori-positive patients
than H. pylori-negative patients (93 % vs 60 %, OR=8.95,
95 %CI: 2.47-32.4, P=0.001). At one year, there was a
significant reduction in the prevalence of antralization (from
93 % to 61 %, P=0.004) at the ulcer edge in patients with
H. pylori being eradicated. However, there was no difference
in the prevalence of antralization at the ulcer edge in those
with persistent infection.
CONCLUSION: H. pylori infection is associated with
antralization at the edge of proximal gastric ulcers, which
may be reversible in some patients after eradication of the
infection.
Xia HHX, Lam SK, Wong WM, Hu WHC, Lai KC, Wong SH, Leung
SY, Yuen ST, Wright NA, Wong BCY. Antralization at the edge
of proximal gastric ulcers: Does Helicobacter pylori infection
play a role? World J Gastroenterol 2003; 9(6): 1265-1269
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INTRODUCTION
Peptic ulcer disease is common, and is associated with
considerable mortality due to complications such as bleeding

and perforation[1]. H. pylori infection is now recognized to be
a major cause for peptic ulcer, accounting for up to 90 % of
duodenal ulcer cases and 80 % of gastric ulcer cases, with the
use of non-steroidal anti-inflammatory drugs being another
major cause[2-4]. While gastric metaplasia in duodenum has been
identified to be an important morphopathological change in
the development of H. pylori-associated duodenal and
prepyloric ulcer[5-7], the mucosal morpho-pathogenesis of
gastric ulcer, which occurs predominantly along the bodyantrum transitional zone (particularly at the gastric incisura),
remains unclear. Previous studies have observed a stem-cellderived “ulcer-associated cell lineage” (UACL) at the sites of
chronic gastrointestinal ulceration, commonly found in the
borders of Crohn’s ulcers in small bowel, and in gastroduodenal
ulceration[8-11]. In the literature, UACL was usually described
as pseudopyloric (or pyloric) metaplasia, because it has
morphological similarities to pyloric glands[8, 9], and similar
changes can occur in other tissues, such as gall bladder, bile
ducts, and pancreatic ducts, often associated with malignant
transformation of these tissues [12-16] . In the stomach,
pseudopyloric metaplasia is specifically defined as a replacement
of specialized glands by mucous-secreting glands in the gastric
body or at the body-antrum junction[17], a concept identical to
“antralization” as described in our previous studies[18, 19].
In a previous study, we have demonstrated that in the absence
of H. pylori infection, the gastric incisura mucosa belongs to
either body-type or transitional type in most (82 %) individuals,
suggesting that normal incisura mucosa is histologically distinct
from the antral mucosa, but more homologous to the body and
fundus mucosa[18]. However, H. pylori infection is associated
with the presence of antral (pyloric)-type mucosa in the
proximal stomach (i.e. gastric incisura, body and fundus),
indicating that H. pylori infection may be a causal factor for
antralization of the proximal stomach[18]. Thus, it is conceivable
that H. pylori-induced antralization may play an important
pathogenic role in proximal gastric ulceration, and eradication
of H. pylori infection may reverse antralization to normal
transitional or body type mucosa, and thus reduce the risk for
ulcer relapse. Therefore, the present study was carried out to
determine the prevalence of antralization at the edge of
proximal gastric ulcer in relation to H. pylori infection, and
the effect of H. pylori eradication on the mucosal appearances.

MATERIALS AND METHODS
Patients
One hundred and sixteen patients with newly diagnosed
uncomplicated benign-looking proximal gastric ulcers (>5 mm
in diameter and >1 mm in depth) at the Endoscopy Unit of
Department of Medicine, Queen Mary Hospital were included
in the study. The location of gastric ulcers and demographic
and clinical characteristics of these patients were summarized
in Table 1. Exclusion criteria at entry included patients who
had been taking aspirin or non-steroidal anti-inflammatory
drugs (NSAIDs) over the past year, or taking antibiotics, H2
receptor blockers, bismuth or proton pump inhibitors in the
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preceding 4 weeks, patients with previous gastric surgery, and
those with a histological diagnosis of gastric carcinoma or
lymphoma.
Informed written consent was obtained from all patients
who participated in the trial. This project was approved by the
Ethics Committee of the University of Hong Kong.
Table 1 The demographic clinical characteristics of the patients initially recruited, according to the location of gastric
ulcers (n=116)
Ulcer location

Age (mean ±SD)
Gender (male/female)
Smoking (yes/no)
H.pylori status

Incisura (n=91)

Body (n=23)

Fundus (n=2)

59.5±13.3
60/31
44/46
81/10

69.3±10.2
17/6
11/12
19/4

51.0±11.2
2/0
1/1
1/1

(positive/negative)

Diagnosis of H. pylori infection
During the first endoscopy, three biopsies were taken at the
gastric antrum within 3 cm of the pylorus at the lesser curvature,
two at the midway between the pylorus and cardioesophageal
junction at the greater curvature, and four from the edge of
gastric ulcer. When the ulcer was present in the body, the body
biopsies were taken at least 3 cm apart from the ulcer. One
antral biopsy was used for a rapid urease test (RUT) and the
rest were sent for the detection of H. pylori infection and
histological examination after haematoxylin & eosin (H&E)
staining. All patients then received a 13C-urea breath test
following a standard protocol measured by an isotope ratio
mass spectrometer[20]. The definition of H. pylori infection in
this study required that at least two of the three tests (the RUT,
histology and 13C-urea breath test) were positive. The absence
of H. pylori infection required all three tests to be negative.
This definition was used as the “gold standard” in this study.
Histological examination
Slides were read by experienced pathologists who were blinded
to all clinical and endoscopic information, including the RUT
results. The mucosa of gastric biopsies taken from different
sites was classified as antral (mucous-secreting or pyloric) type,
body (acid-secreting or oxyntic) type or transitional (junctional)
type according to the definitions set out in the updated Sydney
system[21]. The characteristic feature of antral-type mucosa was
the presence of coiled and branching antral glands, which were
lined by mucus cells that were interspersed with endocrine
cells (chiefly G and D types), and a few parietal cells. The
glands in body-type mucosa were straight tubes that constituted
acid-producing parietal cells along with scattered mucus cells
in their upper portion and mainly chief cells in their lower portion,
with scattered argyrophilic endocrine cells. Transitional type
mucosa was a mixture of the architectural features and cell types
found in the antral and body type mucosae[21].
Treatment and endoscopy at one year
One hundred and one patients received triple therapy consisting
of clarithromycin 250 mg, metronidazole 300 mg each given
4 times daily for 2 weeks and sucralfate 1 gm 4 times daily for
4 weeks (n=54), or acid suppression therapy consisting of
omeprazole 20 mg daily for one year (n=47). Successful
eradication was indicated if the rapid urease test, histological
examination by H&E and Giemsa staining and 13C-urea breath
test were all negative at week 6 after treatment. 65 patients
(male/female 44/21, age (mean±SD) 61.9±11.0 years) received
either triple therapy (n=28), or omeprazole (n=37), with ulcers
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completely healed at 12 weeks. Upper endoscopy and 13C-urea
breath test were repeated at month 12. Gastric biopsies were
obtained from the antrum, body and ulcer site (visible scar
area in 47 of 53 (90.6 %) cases with a healed ulcer) or the edge
of ulcer in 12 patients with relapsed ulcers, and assessed as
described above. Successful eradication was indicated if the
rapid urease test, histological examination by H&E and Giemsa
staining and 13C-urea breath test were all negative at week 6 or
month 12 after treatment. The histological characteristics of
these biopsies were compared with those biopsies taken at the
first endoscopy. Histological improvement of gastric mucosa
over the period of one year was defined as changes from antral
to transitional or body, or from transitional to body-type,
whereas worsening of gastric mucosa was defined as changes
from body to transitional or antral, or from transitional to
antral-type. An upper endoscopy and a 13C-urea breath test
were repeated at month 12 for 65 patients (male/female 44/
21, age (mean±SD) 61.9±11.0 years) who had their ulcers
completely healed 12 weeks after treatment. Gastric biopsies
were obtained from the antrum, body and ulcer site (visible
scar area) in 47 of 53 (90.6 %) cases with a healed ulcer or
the edge of ulcer in 12 patients with relapsed ulcers, and
assessed as described above. The histological characteristics
of these biopsies were compared with those biopsies taken at
the first endoscopy. Histological improvement of gastric
mucosa over the period of one year was defined as changes
from antral to transitional or body, or from transitional to
body-type, whereas worsening of gastric mucosa was defined
as changes from body to transitional or antral, or from
transitional to antral-type.

Statistical analysis
The Chi-squared test (with Yates’ correction if required), the
Fisher’s exact test or McNemar test was used for categorical
variables, and odds ratios (OR) and 95 % confidence interval
(CI) were estimated where appropriate. All tests were carried
out using the SPSS system (version 10.0, SPSS Inc. Chicago,
Illinois, USA). All P values calculated were two-tailed. The
alpha level of significance was set at P<0.05.
RESULTS
The presence of antral-type mucosa in the gastric body and
at the edge of proximal gastric ulcers
Of the 116 patients, 91 had the index ulcers at the incisura, 23
in the body and 2 in the fundus. Of these, 101 were H. pyloripositive and 15 were H. pylori-negative. All biopsies taken
from the antrum showed antral-type mucosa. Overall, antraltype mucosa was present in the gastric body in 6 (5.2 %)
patients and at the edge of proximal gastric ulcers in 103
(88.8 %) patients. Of H. pylori-positive patients 6 (5.9 %) had
antral-type mucosa and 4 (4 %) had transitional type mucosa
whereas all (100 %) of H. pylori-negative patients had bodytype mucosa at the gastric body. Antral-type mucosa was
present at the edge of proximal gastric ulcers in 93.1 % (94/
101) of H. pylori-positive patients and 60 % (9/15) of H. pylorinegative patients (OR=8.95, 95 % CI: 2.47-32.4, χ2=14.35,
P=0.001) (Figure 1). In H. pylori-positive patients, 81 had
ulcers at the incisura, 19 at the body and one at the fundus. In
the presence of H. pylori infection, there was no difference in
the prevalence of antral-type mucosa at the ulcer edge at
different gastric sites: 92.6 % (75/81) at the incisura, 94.7 %
(18/19) at the body and 100 % (1/1) at the fundus. In H. pylorinegative patients, antral-type mucosa was present at the edges
of ulcers in 70 % (7/10), 50 % (2/4) and 0 % (0/1) of patients
when the ulcer occurred at the incisura, body and fundus,
respectively.
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Changes of gastric mucosa in the gastric body and at the
edge of proximal gastric ulcers at one year
Of the 65 patients who were followed up for one year, 28 had
H. pylori infection eradicated and 27 had persistent infection.
Of the 12 patients with ulcers relapse, one (3.6 %) was from
patients in whom H. pylori infection was eradicated and 11
(29.7 %) were from those with persistent infection (OR=11.4,
95 % CI: 1.38-94.9, χ2=5.61, P=0.018).
There was a significant reduction in the prevalence of antraltype mucosa at both the gastric body (from 7.1 % to 0 %) and
the gastric ulcer sites (from 92.9 % to 60.7 %, P=0.004,
McNemar test) in patients in whom H. pylori infection was
eradicated. However, there was no difference in the
prevalence of antral-type mucosa when H. pylori infection
was persistent (Figure 2).

A

Body-type Transitional type Antral-type
100%
4
3
90%
80%
70%
60%
50%
93.1
40%
30%
20%
10%
0%
H.pylori+

20
100

20
90.1

60
4
5.9

H.pylori-
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Figure 1 Prevalence of antral-type mucosa at the edge of proximal gastric ulcers and non-ulcerated gastric body in H. pyloripositive patients (H. pylori+, n=101) and those without H. pylori infection (H. pylori-, n=15).
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Figure 2 Presence of antral-type mucosa at the edge of proximal gastric ulcers and non-ulcerated gastric body in patients
with H. pylori eradicated (n=28) and in those with persistent
infection (n=37) before (month 0) and 12 months after treatment.

Figure 3 Gastric mucosa at the ulcer edge before and after
eradication of H. pylori infection in the same patient. A, biopsy
of the ulcer edge before H. pylori eradication showing antraltype gastric mucosa with severe active chronic inflammation;
B, biopsy of the healed ulcer site after H. pylori eradication showing body-type gastric mucosa with presence of parietal and
chief cells in the gastric glands and mild residual chronic
inflammation. Haematoxylin & eosin (H&E) staining ×250.

Histological improvement of gastric mucosa was observed
in 14 (21.5 %) patients; 3 at the gastric body, 9 at the ulcer site
and 2 at both sites (Figure 3). Histological improvement of
gastric mucosa at the ulcer sites was more common in patients
in whom H. pylori was eradicated than those with persistent
infection (35.7 % vs 2.7 %, OR=20.0, 95 % CI: 2.37-168.6,
χ2=12.35, P<0.001) (Table 2). When patients with relapsed
ulcers were excluded, the association remained unchanged
(37.0 % vs 3.8 %, OR=14.71, 95 % CI: 1.72-125.7, χ2=8.87,
P=0.003). Similarly, triple therapy was associated with a higher
rate of histological improvement at the ulcer site, compared
to omeprazole treatment (31.0 % vs 5.6 %, OR=7.65, 95 %
CI: 1.50-39.0, χ2=5.72, P=0.017). Gastric mucosa at the ulcer
site was improved in more patients with cured ulcers than those

Table 2 Changes of gastric mucosa at the edge of proximal gastric ulcers and gastric body one year after treatment, in relation to
post-treatment H. pylori status, treatment regimens, ulcer relapse and ulcer location (n=65)
Mucosal type change (%)
Ulcer edge
Improvementa
(n=11)
H. pylori infection
Eradicated (n=28)
Persistent (n=37)
Ulcer location
Incisura (n=52)
Body (n=13)

No changeb
(n=49)

Gastric body
Worseningc
(n=5)

Improvement
(n=5)

No change
(n=58)

Worsening
(n=2)

35.7d
2.7

64.3
83.8

0
13.5

14.3
2.7

85.7
91.9

0
5.4

15.4
23.1

76.9
69.2

7.7
7.7

5.8
15.4

90.4
84.6

3.8
0

, Improvement, antral-type (A) transitional type (T), A body-type (B), or T B; b, No change, A A, T T or B B; c, Worsening,
T A, B A or B T. d, P<0.001, compared with persistent infection.
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with relapsed ulcers, although the difference did not reach
statistical significance (20.8 % vs 0 %, P=0.109). There was no
difference in histological improvement between patients with
ulcers at the body/fundus and those with ulcers at the incisura
(23.1 % vs 15.4 %, OR=1.65, 95 % CI: 0.37-7.35, P=0.804)
(Table 2). Age and gender were not associated with histological
improvement (data not shown).
Overall, 7 (10.8 %) patients had worsened histology after
treatment; 5 at the ulcer edge and the other 2 at the gastric
body (Table 2). All of these patients had persistent H. pylori
infection; 6 were treated with omeprazole and one with triple
therapy. 3 (75 %) of these patients had ulcer relapsed.

DISCUSSION
In the present study, approximately 90 % of patients with
proximal gastric ulcers had antral-type mucosa at the ulcer
edge, and H. pylori infection was associated with a higher
prevalence of antralization in the proximal gastric ulceration.
Moreover, eradication of H. pylori infection resulted in
histological improvement at the ulcer edge of 36 % of patients
in 12 months, whereas the persistence of the infection was
accompanied by worsening of histology (14 %). These
findings suggest that H. pylori infection contributes to
antralization, which may, in turn, play an important role in
gastric ulceration.
H. pylori-associated antralization is believed to be a
consequence of direct insults of chronic H. pylori infection, as
a host defense and reparative response to the mucosal damage
caused by organisms. As demonstrated in our previous study
and in the present study, H. pylori infection is associated with
antralization (or pseudopyloric metaplasia) at the gastric
incisura and less frequently at the body and fundus[18]. It has
been established that H. pylori infection induces apoptosis of
gastric epithelial cells, and subsequently stimulates cell
proliferation in the gastric mucosa[22]. Hanby et al reported
that mucous neck cells formed an important cell lineage which
secretes a series of peptides including the spasmolytic
polypeptide, or trefoil family factor 2 (TFF-2) with luminal
protective functions[23]. It has been suggested that pseudopyloric
metaplasia occurs in the body glands as a result of hyperplasia
of mucous neck cells, and represents a mucosal response to
damage associated with H. pylori infection [18, 23]. Indeed,
Schmidt et al reported that the spasmolytic polypeptideexpressing metaplastic (SPEM) lineage was closely associated
with fundic H. pylori infection[24]. Thus, we propose that the
hyperplastic mucous neck cells move both upwards and
particularly downwards in the oxyntic tubule, replace the
specialized parietal and chief cells, and create a mucous cell
lineage. This process can occur focally, occupying a single
oxyntic tubule, groups of tubules, or on a fairly massive scale
with many tubules involved[25]. Eventually a mucous gland,
which resembles pyloric glands, is formed, and thus
antralization of proximal gastric mucosa follows. It is most
likely that the weakened antralized mucosa in the proximal
stomach is prone to be further damaged by H. pylori, resulting in
ulceration even in the presence of subnormal acid production[26]
Therefore, in the presence of persistent chronic infection with
H. pylori, this defense and reparative mechanism probably
facilitates rather than prevents the development of ulceration.
In the present study, eradication of H. pylori infection led
to histological improvement, and persistent infection was
associated with the development of antralization in the proximal
stomach. These observations may have implications for the
prevention of the development of gastric cancer, as we have
previously reported that antralization of gastric incisura is
strongly associated with precancerous lesions such as gastric
atrophy and intestinal metaplasia[18]. It has been shown that
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the time-dependent progression of gastritis in grade
(development of atrophy and intestinal metaplasia) and in
extent (spreading of gastritis by pyloro-cardial extension) is
correlated with the development of gastric cancer in the distal
and angular stomach[27], and that atrophic gastritis and intestinal
metaplasia progress and exhibit a cephaloid shift (i.e. pylorocardial extension) in chronic H. pylori infection[28]. Therefore,
it is hypothesized that the initial events in gastric carcinogenesis
occur at the junction of the oxyntic and antral mucosae, and it
is the antral type mucosa that is prone to gastric atrophy and
intestinal metaplasia, and expansion of antral mucosa towards
the proximal stomach (either by pyloro-cardial extension or
by differentiation) may be associated with an increased risk of
developing intestinal metaplasia[29]. However, gastric atrophy
and intestinal metaplasia are unlikely to regress after eradication
of H. pylori infection although this is controversial[30-33]. On
the other hand, the reversibility of antralization at the proximal
gastric mucosa may provide a new hallmark in the
chemoprevention of gastric cancer, although further studies
on the role of antralization in gastric carcinogenesis are
required. If the proposals of Schmidt et al[24] are confirmed,
the prevention or reversal of SPEM might be critical.
Sampling error might account for the difference in
improvement of gastric mucosa between patients with H. pylori
eradication and those with persistent infection. For example,
biopsies may be more correctly taken at the edge of active
ulcers than healed ulcers. In most cases, ulcer scars are visible,
which helps to improve the accuracy of the biopsy site.
Notably, the rate of antralization reached 60 % (9/15) for
patients with proximal ulcers but without H. pylori infection,
suggesting that certain other factors that result in gastric
mucosal damage also lead to antralization and gastric
ulceration. In the present study, there were no documented
records on the causes of H. pylori-negative gastric ulcers, and
thus we were unable to identify the potential factors that may
lead to antralization. Some NSAID users who were unaware
of NSAID use at entry might have been included. Previously,
Lanas et al demonstrated that between 13 % and 22 % of
patients with gastrointestinal bleeding and perforation who
claimed not to have used aspirin had objective evidence of
current aspirin intake[34, 35]. If this were the case in the present
study, then NSAID use would account for proximal gastric
ulcer in up to 3 of the 15 patients. Nevertheless, the significance
of NSAID use and other factors in antralization of proximal
stomach remains to be clarified.
In conclusion, H. pylori infection is associated with
antralization at the edge of proximal gastric ulcers, which may
be reversible in a proportion of patients after eradication of H.
pylori infection. Antralization in the proximal stomach may
play an important role in the pathogenesis of gastric ulceration.
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Abstract
AIM: To explore and discuss the clinicopathologic
characteristics of mucosa-associated lymphoid tissue (MALT)
lymphoma in gastroscopic biopsy specimen.
METHODS: A retrospective study of 26 cases of lymphoma
diagnosed by gastroscopic biopsy during 1999 to 2001 from
gastroscopy files of Xijing Hospital was made. The diagnostic
criteria were adopted according to the new classification of
non-Hodgkin’s lymphoma.
RESULTS: Twenty-six cases of primary gastric lymphoma
consisting of 15 men and 11 women, aged between 23 to
76 years were recruited from 6 225 cases who received
gastroscopy. All of them were diagnosed by both endoscopic
findings and histological examinations. Histologically, 23
cases were MALToma (low grade) and 3 cases lymphoblastic
lymphoma (high grade). Immunohistochemically, all cases
were CD20 positive, while CK and EMA were negative.
CONCLUSION: The majority of the cases of primary lowgrade gastric lymphoma have morphologic and clinical
features that justify their inclusion in the category of lowgrade lymphoma of mucosa associated lymphoid tissue.
Cheng H, Wang J, Zhang CS, Yan PS, Zhang XH, Hu PZ, Ma FC.
Clinicopathologic study of mucosa-associated lymphoid tissue
lymphoma in gastroscopic biopsy. World J Gastroenterol 2003;
9(6): 1270-1272
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INTRODUCTION
Primary gastric lymphoma is the most common extra nodal
lymphoma, and the vast majority of them are of B cell origin.
Most of the low-grade gastric lymphomas are of the mucosaassociated lymphoid tissue (MALT) type[1-4]. The concept of
MALT lymphoma was first proposed in 1983 by Isaacson and
Wright[1]. Histologically it is characterized by centrocyte-like
cells, often with plasmacytic differentiation, and accompanied
by lymphoepithelial lesions. The histopathological criteria for
the diagnosis of gastric MALToma have largely been based
on analysis of partial gastrectomy specimens. From routine
biopsy diagnosis by gastroscopy, it is very difficult to

distinguish MALToma from reactive lymphoid hyperplasia on
small pieces of tissue. In this article, twenty-six cases were
retrospectively analyzed with regard to criteria of diagnosis
and clinicopathologic characteristics.

MATERIALS AND METHODS
Materials
During the period of 1999-2001, 6 225 cases received
gastroscopy in Xijing Hospital and 26 cases of gastric lymphoma
were diagnosed according to the new classification of lymphoid
neoplasms. The patients (11 women and 15 men) ranged in age
from 23 to 76 years. According to the new classification of
lymphoid neoplasms[2], all the histology of MALToma was
established if the following criteria were met: (1) invasion of
epithelial structures resulting in “lymphoepithelial lesions”;
(2) small lymphocytes, marginal zone cells and/or
monocytoid B cells; (3) infiltration of diffuse, perifollicular,
interfollicular, or even follicular type due to colonization of
reactive follicles. Tissue specimens were embedded in
paraffin, sectioned and stained with haematoxylin-eosin and
immunohistochemical method.
Immunohistochemical analysis
Immunohistochemical staining of CD20, CD45, CD45RO,
Keratin and EMA were performed on paraffin-embedded
sections by using the monoclonal antibody (Dako, Copenhagen,
Denmark). For antigen retrieval, the deparaffinized slides were
microwaved in 0.01 mol/L sodium citrate buffer (pH 6.0) for
10 minutes. Endogenous peroxidase activity was inhibited by
hydrogen peroxidase. The sections were incubated with the
monoclonal antibody (1:100) overnight at room temperature,
and then the detection was performed by the avidin-biotin
peroxidase complex method. The sections were counterstained
with hematoxylin. PBS buffer solution was substituted for the
first antibodies as the negative control, whereas the lymphoma
cases were used as positive control.
RESULTS
Clinical data
There were 26 cases of MALToma, of them 15 were males
and 11 females, with age ranging from 23 to 76 years. Clinical
manifestations were epigastric discomfort, abdominal pain,
dyspepsia, fever, melena and mucous stool. Endoscopic
evaluation showed the location of 5 cases in gastric body, 4 in
gastric antrum, 15 in gastric body and antrum, 1 in gastric
angulus and 1 in gastric fundus. By endoscopic diagnosis, 9
cases were gastric cancer and 17 cases were gastric ulcer.
Pathological data
Based on the appearance of biopsy specimens, all 26 cases
were gastric lymphomas, of them 23 were MALToma (low
grade) and 3 lymphoblastic lymphoma (high grade).
Macroscopically, MALToma could be categorized into
erosion and ulcerative types; the size of tumor varied from
millet to rice. The lymphomatous cells infiltrated into the

Cheng H et al. MALT lymphoma in gastroscopic biopsy

mucosa, sub-mucosa and muscular layer diffusely or locally.
Typical features of a low-grade mucosa-associated lymphoma
with an organized architectural arrangement including
lymphoid follicles, centrocyte-like cells and classical
lymphoepithelial lesions were seen. Lymphoid follicles were
seen and the germinal centers were partly or entirely replaced
by lymphoma cells. Dendritic cells and macrophages with
chromophilic bodies disappeared. This phenomenon is called
follicular colonization. Lymphoepithelial lesion was shown in
which there were clusters of pleomorphic, mitotically active
lymphomatous cells infiltration locally and gastric glands
destroyed (Figure 1). The neoplastic cells presented a serial
cell lineage of small lymphocyte, centrocyte-like cell,
monocyte-like B cell, lymphoplasma cell, and also centroblast
like cells. In all these cells, several kinds were in a mixed
distribution, but usually one kind was predominant.
Immunohistochemically, all cases of MALTomas were CD20
positive (Figure 2) and CD45 positive. CK and EMA were
negative in all cases.

Figure 1 Neoplastic lymphocytes infiltrated into and destroyed
glands forming lymphoepithial lesion. HE ×200.

Figure 2 Neoplastic lymphocytes infiltrated into mucosa
membrane, with positive CD20. Envision method. ×400.

DISCUSSION
The gastrointestinal tract is the most frequently involved
extranodal site of origin for non-Hodgkin’s lymphoma,
accounting for 12-15 % of all non-Hodgkin’s lymphomas and
30-40 % of all extranodal lymphomas[1,5 ]. The lymphomas in
the stomach arise from MALT. Usually they are not present in
the stomach but acquired following H. pylori infection of the
gastric mucosa. H. pylori, a microaerophilic Gram-negative
rod, has been proposed as the causative agent for low-grade
primary gastric lymphoma of MALT[6-10]. Presenting features
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of primary gastric lymphomas are nonspecific, with
dyspepsia, vague epigastric pain, nausea and vomiting[11-15].
Fever with night sweats and elevated lactate dehydrogenase
levels are very uncommon. By endoscopy, diffuse gastritis,
thickened gastric folds, erosions and occasionally ulcers are
more common findings. Although any region of the stomach
may be involved, most MALTomas arise in the antrum or
the distal body, the sites commonly colonized by H. pylori.
Histologically, the prominent lymphoepithelial lesion on
endoscopic biopsy specimens is one of the most important
features for the diagnosis of MALToma of the stomach[2, 1618]
. They are seen in 100 % of the biopsy specimens. It is a
key point for the diagnosis of MALToma that the infiltrating
lymphocytes showed homogeneity in marginal zone cells,
small lymphocytes, or monocytoid B cells[2, 16-18]. All of the
three types of cells comprise low-grade lymphomas with a
dense infiltrate of a superficial and peripheral plasma cell
component. Cytologically, neoplastic lymphocytes are
characterized by cellular heterogeneity, including centrocyte
like cells (small, atypical cells, but with more abundant
cytoplasm), monocytoid B cells, small lymphocytes, and
plasma cells. Occasionally large cells (centroblast or
immunoblast like) are present in most cases. If reactive
follicles are present, neoplastic cells will occupy the marginal
zone and/or the interfollicular region. When neoplastic
lymphocytes take on a follicular pattern, it is called follicular
colonization.
Therefore, the diagnosis of gastric MALToma is based on
(1) prominent lymphoepithelial lesions; (2) dense lymphoid
infiltrate with marginal zone cells, small lymphocytes, or
monocytoid B cells. Lymphoepithelial lesions are considered
as the characteristic features of MALToma. Nest formation
could also be found in the inflammatory and reactive status, it
might be difficult to distinguish them from the real
lymphoepithelial lesions. In such cases, immunohistochemistry
may be helpful. The former is several leukocytes of polyclone
and the latter is the lymphocytes of mono-clone. Follicular
colonization is easy to be misjudged as reactive follicles. The
following morphological characteristics and immunophenotype may be helpful for the differentiation [14-18]: (1)
Follicular colonization has no dendritic cells or macrophages
with chromophilic bodies. (2) Centrocyte like cell is the
immunophenotype of B cells in the marginal area, rather than
at the germinal center. Both lymphoepithelial lesion and
follicular colonization are characteristic features for diagnosis,
but they could only be seen in some of the cases. If one case is
highly suspected for MALToma of the stomach, repeated
biopsy should be performed if clinically indicated and then,
immunohistochemistry and molecular biology technique
should be done.
Understanding primary gastric lymphomas is undergoing
r a p i d a n d s ig n i f i c a n t t r a n s f o r m a t io n f r o m b o t h
clinicopathological and therapeutic standpoints. The most
important new developments in therapy are the use of H. pylori
eradication as the initial treatment for localized low-grade
primary gastric lymphomas, and the use of chemoradiation
over a surgical approach for localized high-grade primary
gastric lymphoma[19-30]. Patients with low-grade primary gastric
lymphoma should be treated with H. pylori eradication therapy
as most patients respond with prompt amelioration of dyspeptic
symptoms, although histological regression may take several
months. Patients need to be followed-up with serial
endoscopies. If no histologically proven lymphoma regression
occurs, then biopsy should be done to rule out the presence of
co-existing high-grade primary gastric lymphoma. The finding
of high-grade primary gastric lymphoma usually indicates the
need for more aggressive treatment with chemotherapy and
radiotherapy. Surgery is an option in cases of significant
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hemorrhage or perforation. With appropriate treatment, the
long-term survival is 70-80 % for limited-stage disease and
50-60 % for advanced stage disease.
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Abstract
AIM: To elucidate whether CCK receptors exist in lung tissues
and their precise cellular localization in the lung.
METHODS: CCK-AR and CCK-BR mRNA expression and
cellular distribution in the rat lung were detected by highly
sensitive method of in situ reverse transcription-polymerase
chain reaction (RT-PCR) and conventional in situ
hybridization.
RESULTS: CCK-AR and CCK-BR gene positive signals were
observed in bronchial epithelial cells, alveolar epithelial cells,
pulmonary macrophages and vascular endothelial cells of
the rats’ lung by in situ RT-PCR. The hybridization signals of
CCK-AR were relatively faint. By in situ hybridization,
however, only the signals of CCK-BR but not CCK-AR were
detected in the lung, and the positive staining was only
found in vascular endothelial cells and macrophages.
CONCLUSION: CCK-AR and CCK-BR gene were present in
pulmonary vascular endothelial cells, macrophages, bronchial
epithelial cells and alveolar epithelial cells, which play an
important role in mediating the regulatory actions of CCK-8
on these cells.
Cong B, Li SJ, Ling YL, Yao YX, Gu ZY, Wang JX, You HY. Expression
and cell-specific localization of cholecystokinin receptors in rat
lung. World J Gastroenterol 2003; 9(6): 1273-1277
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INTRODUCTION
Cholecystokinin (CCK) is a gut-brain peptide that exerts a
variety of physiological actions in the gastrointestinal tract and
central nervous system (CNS) through cell surface CCK
receptors[1]. CCK receptors have been pharmacologically
classified into two subtypes CCK-A receptor (CCK-AR) and
CCK-B receptor (CCK-BR) according to their affinity for the
peptide agonists CCK and gastrin, which share the same
COOH-terminal pentrapeptide amide sequence but differ in
sulfation at the sixth (gastrin) and seventh (CCK) tyrosyl
residues[2]. CCK-AR is highly selective to sulfated analogues

of CCK and the antagonist L-364 718, whereas CCK-BR has
similarly high affinity to both sulfated and nonsulfated peptide
analogues of CCK/gastrin peptides and the antagonist L365 260[2]. CCK-AR is found principally in the gastrointestinal
tract and selective areas of the CNS, while CCK-BR is found
principally in the CNS and selective areas of the gastrointestinal
tract, on pancreatic acinar cells and parietal cells[3,4]. CCK binds
to CCK-AR present on a variety of gastrointestinal target tissues
including pancreatic acini, islets, gastric mucosa and gallbladder
to induce pancreatic enzyme secretion, insulin secretion, release
of pepsinogen and gallbladder contraction[5]. CCK-BR in the
CNS regulates feeding, anxiety and memory, etc[3]. CCK-AR
and CCK-BR are also expressed in the neoplastic cells such as
pancreatic cancer cells[6,7], gastric cancer cells[8,9], colonic cancer
cells[10] and small cell lung cancer cells[11-13] where they may
stimulate cell growth. In addition, CCK-BR is also present on T
lymphocytes[14,15] to regulate lymphocytes proliferation[16,17].
These data suggested that CCK receptors were widely
distributed around various kinds of tissues and their presence
provided the structural basis for CCK to exert a broad array of
physiological action.
Our previous data demonstrated that CCK-8, as an intestinal
neuropeptide, not only protected gastric mucosa against
alcohol-induced injury[18-20], but also was a potent protective
agent against acute lung injury by LPS[21,22]. It obviously
reduced the pulmonary artery hypertention (PAH) and lessened
the inflammatory lesion in lung tissues of endotoxin shock
(ES) rats[21,22]. Moreover, CCK-8 could inhibit the reduction
of endothelial-dependent relaxation of isolated pulmonary
artery to acetylcholine (ACh) induced by LPS[23]. Stretton and
Barnes reported that CCK-8 produced a concentrationdependent contractile response in guinea-pig trachea and this
effect was antagonized by the CCK receptor antagonists
dibutyryl cyclic guanosine monophosphate and L-364 718[24].
These data indicated that there might be CCK receptors in the
lung tissues to mediate the action of CCK-8. However, whether
CCK receptors are present in lung tissues and their precise
cellular localization remains unclear. In the present study, we
detected the cellular localization of CCK receptors in the rats’
lung using highly sensitive method of in situ RT-PCR.

MATERIALS AND METHODS
Animal model and tissue preparation
Healthy Sprague-Dawley rats (weighing 180-220 g BW) were
anaesthetized with urethane (1 g/kg). Lung tissues were
dissected from the rats. The inferior lobe of right lung was
fixed in 4 % paraformaldehyde for 1 h and embedded in
paraffin for in situ hybridization and in situ RT-PCR.
Primers and probe
The primers and probe of CCK receptor were designed
according to Mostein’s report[25]. The sequences of CCK-AR
primers were 5’-CTC GCT CGC CCA GAA CTC TAC CAA
GGA ATC AAA TTT GAT GC-3’ (sense) and 5’-CTG GTT
CGG CCC ATG GAG CAG AGG TGC TCA TGT GGC TGT
AG-3’ (antisense). The sequences of CCK-BR primers were
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5’-CTC GCT CGC CCA GAA CTC TAC CTA GGA CTC
CAC TTT GA-3’ (sense) and 5’-CTG GTT CGG CCC ACG
CAC CAC CCG CTT CTT AGC CAG CA-3’ (antisense). The
sequences of CCK-AR and CCK-BR probes were respectively
5’-CGG GGG CCG GGG ACT TCT GCA AGT AAC AGC
CAT CAC TAT CCT CAT A-3’ and 5’-AGC TAC GCT GGT
TAC AGG CCG GCA GCC CCC GTT-3’. The oligonucleotide
probes were labeled with alkaline phosphatase (Boehringer
Mannheim). All the primers and probes were synthesized by
Sangon Corporation (Shanghai).

In situ RT-PCR
The sections (5 µm) were baked and deparaffinized to water,
and then treated with 0.2 mol/L HCl and EDTA. The slides
were pretreated with 0.1 % proteinase K at 37 for 12 min to
prevent background staining and inactivate endogenous
enzyme. Then the tissues were treated overnight in a Rnasefree DNAase solution (Boehringer Mannheim) at 37 . The
in situ reverse trancription step was performed in 30 µl solution
containing 2 µmol/L CCK-AR or CCK-BR primers and 1 U/
µl AMV-RT at 42
for 1.5 h. Then the slides were overlain
with 50 µl in situ PCR reaction mixture containing 1×PCR
buffer, 4.5 mmol/L MgCl2, 0.2 µmol/L dNTPs, 1 µmol/L each
of primers, and 10 U Taq polymerase (Perkin Elmer). The PCR
was performed at conditions of initial denaturation at 94
for 2 min, followed by 30 cycles of denaturation at 94
for
1.5 min, annealing at 55
for 1 min, and extension at 72
for 1 min. PCR-amplified products were detected with alkaline
p ho sp hatase ( AP) -lab eled CCK- AR an d CCK-BR
oligonucleotide probes (2 pmol/ml) at 37
for 24 h. The
slides were then developed in NBT/BCIP solutions at room
temperature for 48 h. To stop the color reaction, the slides
were washed in distilled water and mounted with glycergel.
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In situ expression of CCK-BR gene in rat lungs
By in situ RT-PCR, CCK-BR mRNA stainings (dark blue
color) were found in bronchial mucosal epithelial cells,
endothelial cells, alveolar epithelial cells and macrophages
(Figure 2). By in situ hybridization, however, CCK-BR
mRNA staining was only seen in endothelial cells and
macrophages (Figure 3).
In situ expression of CCK-AR gene in rat lungs
By in situ RT-PCR, the hybridization signals of CCK-AR
mRNA were also found in bronchial mucosal epithelial cells,
endothelial cells, alveolar epithelial cells and macrophages,
and the hybridization signals of CCK-AR were weaker than
those of CCK-BR (Figure 4). By in situ hybridization,
however, no expression of CCK-AR mRNA was detected
(Figure 5).

A

Controls
The brain sections were used as positive control. A series of
negative controls were performed to guarantee the specificity
of the method of in situ RT-PCR. Samples pretreated with
RNase were used as negative control. Other five negative
controls were samples treated without AMV-RT, or Taq
polymerase, or primers, or probes specified or unspecified.
In situ hybridization
The procedure was carried out the same way as in situ RTPCR, but without the RT-PCR steps.

B

RESULTS
The positive and negative controls of in situ RT-PCR
The rat brain sections expressed both CCK-AR and CCK-BR.
The hybridization signal was present in the neuron. There was
no positive signal in RNase-pretreated samples. Omission of
AMV-RT, or Taq polymerase, or primers, or probes prevented
specific staining (Figure 1, Table 1).
Table 1 Negative controls for in situ RT-PCR
Reagent

a

b

c

d

e

f

C

×

AMV-RT
Taq polymerase

×

Primers

×

Probes

×

RNase

×

Probes (Unspecified)

×

Signal

-

-

×

×

×

×

×

×

×

×

±

-

-

-

Figure 1 Appearance of positive and negative control tissue
section for detecting in situ expression of CCK-AR and CCKBR gene by in situ RT-PCR. (A) In situ expression of CCK-BR
gene in the brain of SD rats (×400). (B) In situ expression of
CCK-AR gene in the brain of SD rats (×400). (C) Negative control section from the lung tissue of SD rats (×200).
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SD rats by in situ RT-PCR (×400). (A) Expression of CCK-BR
gene in bronchial mucosal cells. (B) Expression of CCK-BR gene
in vascular endothelial cells. (C) Expression of CCK-BR gene
in macrophages and alveolar epithelial cells.
Figure 3 Localization of CCK-BR mRNA in rat lung tissues by
in situ hybridization. (A) Expression of CCK-BR gene in vascular endothelial cells (×100). (B) Expression of CCK-BR gene
in vascular endothelial cells and macrophages (×400).

2A

4A

2B

4B

2C

4C

3A

5

3B
Figure 2 Localization of CCK-BR gene in the lung tissues of

Figure 4 In situ expression of CCK-AR gene in the lung tissues
of SD rats, detected by in situ RT-PCR (×400). (A) Expression of
CCK-AR gene in vascular endothelial cells. (B) Expression of
CCK-AR gene in bronchial mucosal cells and macrophages. (C)
Expression of CCK-AR gene in alveolar epithelial cells.
Figure 5 No positive signal of CCK-AR gene was detected in
lung tissues by in situ hybridization (×200).
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DISCUSSION
In situ RT-PCR is a novel molecular biological technique that
combines the high sensitivity of RT-PCR for generating a
cDNA from small amounts of mRNA with cellular localization
of in situ hybridization. The sensitivity of in situ hybridization
is 10-20 copies per cell when detecting the single-copy and
low-copy (less than 10 copies) target DNA or RNA in tissues,
while using in situ RT-PCR could significantly enhance the
sensitivity for detecting the target DNA or RNA[26]. In the
present study, we detected the in situ expression of CCK
receptors by two methods of in situ hybridization and in situ
RT-PCR. By in situ hybridization, only little amount of CCKBR gene staining was found in vascular endothelial cells and
macrophages, whereas by in situ RT-PCR, both CCK-AR and
CCK-BR mRNA expressions were detected in bronchial
mucosal cells and alveolar epithelial cells other than endothelial
cells and macrophages. Our results also demonstrated that the
sensitivity of in situ RT-PCR was obviously higher than that
of in situ hybridization. Large amounts of cDNA were amplified
by specially designed target-specific primers and followed by
hybridization with highly specific probes[27]. So the specific
binding of nucleotide on the basis of base complementation
was performed twice, which increased the specificity of in situ
RT-PCR. High sensitivity and specificity made in situ RTPCR a favorable technique to study the in situ expression and
cellular distribution of target gene in tissues. To further ensure
the specific results, we designed six negative controls: First,
omission of AMV-RT prevented the positive staining,
indicating that genome DNA was completely digested. Second,
omission of Taq polymerase produced negative results,
suggesting endogenous polymerase was inactive. Third,
omission of primers produced weak positive reaction which
was the results of little amounts of cDNA binding with specific
probes, and it confirmed the specificity of the primers. Fourth,
addition of RNase produced negative results, confirming that
mRNA was detected during RT-PCR. Fifth, omission of
specific probes and addition of nonspecific probes produced
negative reaction, confirming the specificity of the probes.
Sixth, addition of unlabeled specific probes prevented the
positive staining, indicating that endogenous alkaline
phosphatase was inactive.
Using in situ RT-PCR, we found that CCK-AR and CCKBR were present in the rats’ lungs. It is the first report about
the distribution of CCK receptors in lung tissues. The results
of in situ RT-PCR also demonstrated the cellular localization
of CCK receptors in lung tissues: vascular endothelial cells,
macrophages, bronchial epithelial cells and alveolar epithelial
cells. Our previous study showed that exposure of rabbit
pulmonary artery to LPS or TNF-α led to significant reduction
of endothelial-dependent relaxation to ACh and enhancement
of contractile response to phenylephrine, which could be
reversed by CCK-8[23,28]. This may be the mechanisms of CCK8 to abolish PAH during endotoxin shock. The present study
showed that pulmonary vascular endothelial cells expressed
both CCK-AR and CCK-BR gene. So CCK-8 may bind to CCK
receptors on pulmonary vascular endothelial cells to mediate its
effects on isolated pulmonary artery. Gu et al[29] reported that
CCK-8 protected cultured bovine pulmonary artery endothelial
cells (BPAEC) against the detrimental effect of LPS such as
lipoperoxide damages and cell apoptosis as well as LPS-induced
peroxynitrite formation, which might be in part reversed by
proglumide, a nonspecific CCK receptor antagonist. These data
suggested that there might be CCK receptors on BPAEC.
Therefore, CCK receptors on pulmonary endothelial cells may
mediate effects of CCK-8 on pulmonary vascular such as
regulating the reactivity of pulmonary vascular to vasoactive
agents and protecting the endothelial cells against damages.
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Our present study also demonstrated existence of CCKAR and CCK-BR gene expression in pulmonary macrophages.
It is well known that activation of macrophages plays a critical
role in inducing the inflammatory response[30]. Macrophages
stimulated by LPS or other inflammatory factors produce and
release large quantities of various proinflammatory cytokines
including TNF-α, IL-1β, IL-6 etc. Overproduction of these
cytokines can result in systemic inflammatory response
syndrome (SIRS) and multiple organ dysfunction syndrome
(MODS), which might lead to death [31]. So controlling the
overactivation of macrophages may be an effective measure
in preventing the generation and development of SIRS and
MODS. In another study, we found that CCK-8 could inhibit
LPS-induced TNF-α release and gene expression in rat
pulmonary interstitial macrophages (PIMs) in vitro[32,33]. The
study about its upstream signalling mechanisms demonstrated
that CCK-8 inhibited LPS-induced NF-κB activity and IκB
degradation in PIMs, which was abrogated by proglumide[33].
Furthermore, LPS-induced expression of LPS receptor CD14
on PIMs could be downregulated by CCK-8 in vitro[32]. These
data suggested that CCK-8 might bind to CCK receptors on
pulmonary macrophages to interfere with the activation of
macrophages during inflammation. But the cellular signal
transduction mechanisms through which CCK receptors
mediated in macrophages were not fully clarified. Other than
pulmonary macrophages, several functions of murine
peritoneal macrophages were negatively modulated by CCK8 including the production of superoxide anion, phagocytosis
and mobility[34,35]. Therefore, CCK receptors on macrophages
provide the structural basis for CCK-8 to regulate the functions
and activation of macrophages, which may be beneficial to
the control of inflammatory responses.
In addition, CCK-AR and CCK-BR mRNA expressions
were observed on bronchial epithelial cells and alveolar
epithelial cells in this study. Stretton and Barnes reported that
CCK-8 produced a concentration-dependent contractile
response in guinea-pig trachea and this effect was antagonized
by the CCK receptor antagonists dibutyryl cyclic guanosine
monophosphate and L-364 718 [24]. So the CCK receptors
present on bronchial epithelial cells may mediate the regulatory
effect of CCK-8 on the tonus of bronchus. The functions of
CCK receptors on alveolar epithelial cells remain unclear.
In summary, we successfully detected CCK-AR and CCKBR mRNA expression in rats’ lung tissues and clarified their
cellular localization using in situ RT-PCR. To our knowledge,
this is the first report about the CCK receptors gene expression
in lung tissues. CCK receptors present on pulmonary
endothelial cells, macrophages, bronchial epithelial cells and
alveolar epithelial cells play an important role in mediating
effects of CCK-8 such as protecting endothelial cells against
damages, inhibiting the overactivation of macrophage and
regulating the pulmonary vascular tonus and bronchial tonus.
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Abstract
AIM: To investigate the role of nuclear factor-κB (NF-κB)
inhibitor caffeic acid phenethy1 ester (CAPE) in the
proliferation, collagen synthesis and apoptosis of hepatic
stellate cells (HSCs) of rats.
METHODS: The HSCs from rats were isolated and cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM) and treated
with CAPE. The proliferation and collagen synthesis of HSCs
were determined by 3H-TdR and 3H-proline incorporation
respectively, and the expression of type I, III procollagen
genes was further explored by in situ hybridization. Apoptosis
cell indices (AIs) were examined using terminal
deoxynucleotidyl transferase- mediated DIG-dUTP nick end
labeling (TUNEL).
RESULTS: In activated HSC in culture, CAPE significantly
inhibited 3H-TdR and 3H-proline incorporation by HSCs at
concentrations of 5 µmol/L and 10 µmol/L respectively. CAPE
also reduced the type I procollagen gene expression (P<0.05)
at higher concentration. Apoptosis of HSC was induced by
CAPE and the AIs were time-and dose-dependently increased
from 2.82±0.73 % to 7.66±1.25 % at 12 h (P<0.01) and
from 3.15±0.88 % to 10.61±2.88 % at 24 h (P<0.01).
CONCLUSION: CAPE inhibits proliferation and collagen
synthesis of HSC at lower concentration and induces HSC
apoptosis at higher concentration.
Zhao WX, Zhao J , Liang CL, Zhao B, Pang RQ, Pan XH. Effect
of caffeic acid phenethyl ester on proliferation and apoptosis of
hepatic stellate cells in vitro. World J Gastroenterol 2003; 9
(6): 1278-1281
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INTRODUCTION
Liver fibrosis is a progressive pathological process involving
multi-cellular and molecular events that ultimately lead to
deposition of excess matrix proteins in the extracellular space.
It is generally accepted that HSC is the most pathogenetically
relevant cell type for the development of liver fibrosis[1-5].
During liver injury and inflammation, quiescent HSCs
transdifferentiate into activated-type HSCs, also termed

myofibroblasts (MFBs), which result in accumulation of a cell
type that provides main collagenous and non-collagenous
components of the extracellular fibrotic matrix, contribute to
diminished degradation of extracellular matrix by the
expression of tissue inhibitors of metalloproteinases (TIMPs)
and also produce an array of proinflammatory cytokines and
chemokines involving the development of liver fibrosis[3-11].
It has recently been shown that the recovery from established
experimental fibrosis can occur through the apoptosis of HSC,
which is associated with reduction of collagen and expression
of TIMPs in liver. Apoptosis, therefore, plays an important
role in the resolution of fibrosis by eliminating the sources of
both the neomatrix and TIMPs, and thereby facilitates net
matrix degradation[12-15]. Activation and apoptosis of HSCs
could play a central role in turnover of liver fibrosis.
Recent research showed that cultured HSC underwent a
rapid and persistent induction of a high-mobity NF-κB DNA
binding complex, and the activation of NF-κB in cultured HSC
was required for activated phenotype of HSCs and might be
anti-apoptotic for HSCs[16-19]. In this study, we investigated the
effect of NF-κB inhibitor CAPE on the proliferation, collagen
synthesis and apoptosis of HSCs.

MATERIALS AND METHODS
Materials
Wistar rats, male, 450-500 g of body mass, were provided
by the Center for Laboratory Animal of Kunming General
Hospital. DMEM and FBS were obtained from GIBCO.
CAPE and collagenase were purchased from SIGMA, 3H-TdR
and 3H-proline were provided by Beijing Institute of Atomic
Energy, RNA Mimi Kit and DIG DNA Labeling and
Detecting Kit were respectively obtained from Gene and
Boehringer Mannherm.
Methods
Isolation and culture of HSCs HSCs were isolated from
normal liver by sequential in situ perfusion with collagenase,
as previously described[20,21]. Briefly, the livers were perfused
first with Ca2+- and mg2+- free solution for 10 min at 37 ,
and next with 0.05 % (w/v) collagenase solution for 30 min at
37 , the digested liver were excised, dispersed in D-Hanks,
and filtered through gauze. The residual hepatocytes were
removed by two low-speed centrifugation (50 g, 4 , 2 min).
The stellate-cell enriched fraction was obtained by
centrifugation with a triple-layered (9, 11, and 17 %) Nycodenz
cushion (1 400×g, 4
20 min). The cells in the upper-layer
were washed and seeded onto uncoated plastic tissue culture
plate in DMEM supplemented with 10 % FBS and grown for
14 days. Purity and viability of freshly isolated HSC were
determined by Desmin immunohistochemistry and trypan-blue
stain respectively.
3
H-TdR and 3H-proline uptake by HSC Passaged HSCs were
cultured in 24-well plates for 48 h and then treated with CAPE
at concentrations of 0.0, 1.0, 2.5, 5.0, 10.0, 20.0, and 40.0 µol/
L for 24 h. CAPE was dissolved in DMSO. The cells were
then labeled with 1 µci/ml 3H-TdR or 1 µci/ml 3H-proline
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RESULTS
Characteristics of HSCs
Freshly isolated HSCs were round-shaped with many yellowcoloured droplets in cytoplasm, after 2-3 days in culture on
uncoated plastic surface, the cells had spread and showed a
typical ‘star’-like configuration. More than 80 % of freshly
isolated cells were desmin-positive, and the cell viability was
about 90 % according to trypan-blue staining.

that CAPE was a potent inhibitor for proliferation, and
collagen synthesis.
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Figure 2 Effects of CAPE on 3H-TdR and 3H-proline uptake by
HSCs. aP<0.05; bP<0.01 vs groups without CAPE treatment.
Percentage of positive cells

respectively. After washed with D-Hanks, the HSCs were
digested with trypsin and absorbed on glass fiber filter paper.
The cells were then washed once with 10 % trichloroacetic
acid and three times with saline and dried overnight at 80 ,
the radioactivity (CPM) of each sample was counted using
liquid-scintillation analyzer.
Expression of procollagen gene in HSC Type I and III
procollagen gene sequences were enquired from GeneBank
of National Center of Biotechnology Information, and primers
that amplified the procollagen genes were designed with
OLIGO microsoft according to the gene sequences and
synthesized by Sangon Company. The primers were 5’-CGA
TGG ATT CCC GTT CGA GTA C-3’ and 5’-GTC CAC AAC
CCT GTA GGT G-3’ for type I procollagen gene, 5’-GGA
AAC AGC AAA TTC ACT TAC A-3’ and 5’-TCA CTT GCA
CTG GTT GAT AAG A-3’ for type III procollagen gene. The
RNA was extracted from the skin of newborn ICR mice by RNA
mini kit, the genes were amplified by RT-PCR and procollagen
gene probes were labeled with PCR and DIG-dUTP. HSCs
cultured in 24-well plates were treated with 20 µmol/L CAPE
for 24 h and the procollagen gene expression was detected
according to the previously described procedure[22].
Apoptosis assay Passaged HSCs were cultured for 48 h and
then cultured in 5 % FBS DMEM and treated with CAPE at
predetermined concentrations of 0.0, 20.0, and 40.0 µmol/L
for 12 h and 24 h, the cells were fixed in formaldehyde solution
and stained with TUNEL reaction solution containing DIGdUTP and terminal deoxynucleotide transferase for 60 min at
37 . DIG was detected by anti-DIG-AP conjugate and
colorimetric substrate NBT/BCIT. Positive cells were counted
under microscope.
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Figure 3 Effect of CAPE on type I and III procollagen gene
expression. aP<0.05 vs the group without CAPE treatment.
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Figure 1 The hepatic stellate cells stained with toluidine after
cultured for 10 days after isolation (×66).

Effect of CAPE on 3H-TdR and 3H-proline incorporation by HSC
We observed the effect of CAPE on 3H-TdR and 3H-proline
incorporation by cultured HSCs. As shown in Figure 2, CAPE
significantly and dose-dependently suppressed the
incorporation of 3H-TdR and 3H-proline by HSCs. The median
inhibitory concentrations were 5 and 10 µmol/L respectively
for 3H-TdR and 3H-proline. These concentrations were lower,
especially for the inhibition of HSCs proliferation, indicating

B

Figure 4 Apoptotic HSCs detected by TUNEL without (A) or
with 40 µmol/L CAPE treatment (B).

Effects of CAPE on procollagen gene expression
Type I and III collagens are the main components of
extracellular matrix in liver fibrosis. In situ hybridization
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analysis of type I and III procollagen genes showed that positive
HSCs were reduced by CAPE at the concentration of 20 µmol/
L. And the reduction of type I procollagen gene expression
was statistically significant, indicating that CAPE suppressed
the procollagen gene expression.

Percentage of apoptosis cells

Apoptosis of HSC induced by CAPE
Apoptosis of HSC was demonstrated by TUNEL, the nucleus
of apoptotic HSCs were stained with violet blue (Figure 4).
After treatment with CAPE, AIs were time- and dosedependently increased from 2.82±0.73 % to 7.66±1.25 % at
12h and from 3.15±0.88 % to 10.61±2.88 % at 24 h. The data
indicated that CAPE induced HSC apoptosis at higher
concentrations (Figure 5).
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Figure 5 Effects of CAPE on HSC apoptosis. aP<0.05; bP<0.01
vs the groups without CAPE treatment; cP<0.01 vs the group
with 40 µmol/L CAPE treated for 12 h.

DISCUSSION
HSCs, previously termed as fat or vitamin A-storing cells or
Ito cells, localized in close proximity to sinusoidal endothelial
cell and hepatocyte in the space of Disse, are the most
pathogenetically relevant cell type for development of liver
fibrosis[2-5]. Activated HSCs in liver tissue provide virtually
most main components of ECM, contribute to diminished
degradation of ECM by expressing TIMPs, and produce an
array of proinflammatory cytokines and chemokines involving
the development of liver fibrosis[3-11]. It is generally accepted
that HSCs are important target cells for the treatment of liver
fibrosis[5,23].
In our study, we observed that the NF-κB inhibitor CAPE
inhibited the proliferation and collagen synthesis of HSCs.
CAPE dose-dependently suppressed the incorporation of 3HTdR and 3H-proline by HSCs. This indicated CAPE inhibited
the proliferation of HSCs. Because the reduction of either total
cell number or collagen synthesis may contribute to the
reduction of 3H-proline incorportion by HSCs, the expressions
of type I and type III procollagen genes were further explored
in HSCs. Our data showed that the procollagen gene
expressions were reduced by CAPE, and the reduction of 3Hproline uptake partially indicated that CAPE inhibited collagen
synthesis, in addition to the reduction of HSC number.
CAPE, a structural relative of flavonoids that is an active
component of propolis from honeybee hives, has been shown
to inhibit the growth of different types of cells including
endothelial cells, keratinocyte and tumor cells, which involves
in nuclear factor, protein kinase C and cytokine signal
transduction [24-29]. CAPE inhibited the proliferation and
collagen synthesis of HSCs, properly by reducing the reactive
oxygen intermediates, this is consistent with the antioxidant
property of CAPE[30,31]. Previous studies showed that reactive
oxidant species induced HSCs activation and collagen gene
expression in vivo and in vitro[32-35]. The antioxidant phenolic
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compounds reduced the proliferation and collagen synthesis
by suppressing inositol phosphate metabolism, tyrosine and
protein kinase activation [33,36]. Since CAPE is a structural
relative of flavonoids, CAPE probably inhibits the proliferation
and collagen synthesis of HSCs similarly. Other mechanisms
might include inhibition of the expression of COX2 and
activation of NF-κB by CAPE, which are associated with the
phenotype of activated HSCs[37,38].
Activated HSCs undergo auto-apoptosis in serum-deprived
DMEM and in experimental fibrosis induced by CCl4. P75 and
Fas have already been identified as molecules associated with
the apoptosis of HSCs, which were expressed in HSCs.
Apoptosis of HSCs can be induced by nerve growth factor
and soluble Fas-ligand[39,40]. The recovery from established
experimental fibrosis is relevant to the apoptosis of HSCs,
which contributes to the reduction of neomatrix synthesis and
expression of TIMPs. Recent reports showed the persistent
activation of NF-κB was induced in activated but not in
quiescent HSCs, which is required for activated phenotype of
HSCs and may be antiapoptotic for HSCs[16-18]. CAPE is a potent
and specific inhibitor of NF-κB, CAPE inhibits the activation
of NF-κB induced by TNF and other inflammatory agents
including phorbol ester, ceramide, hydrogen peroxide, etc[41].
Our data showed the AIs of HSCs were increased by CAPE,
the inhibition of NF-κB activation by CAPE probably played
a key role in HSC apoptosis. CAPE inhibited the activation of
NF-κB and the expression of proinflammatory cytokines TNFα and IL-1β; CAPE also induced apoptosis in macrophages[42],
similar results were observed in leucocytes as well[43]. However,
CAPE induced apoptosis of tumor cells by regulating the
expression of caspas-3, bcl-2, bax and P53[44-46]. For HSCs, the
mechanism of apoptosis induced by CAPE needs further
investigation.
CAPE has been shown to be a pharmacologically safe
compound with known antiinflammatory, antimitogenic,
anticarcinogenic, antioxidant, and immunomodulatory
effects[37,47]. Therefore, CAPE might have a therapeutic role
in liver fibrosis by inhibiting the proliferation or inducing
the apoptosis of HSCs.
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AIM:To isolate and analyze a novel gene over-expressed
during liver regeneration.
METHODS:Total RNA of regenerating liver was extracted
from liver tissue after 0-4-36-36-36 hr short interval
successive partial hepatectomy (SISPH). Reverse
transcription-polymerase chain reaction was used to
synthesize double strand cDNA, after the tissue was digested
by proteinase K and Sfi A/B. The double-strand cDNA was
ligated to λTriplEx2. λphage packaging reaction was
performed and E. coli XL1-Blue was infected for titering and
amplifying. One expressed sequence tag was probed by
Dig and phage in situ hybridization was carried out to isolate
positive clones. Positive recombinant λTriplEx2 was converted
to the corresponding pTriplEx2, and bioinformatics was used
to analyze full-length cDNA.
RESULTS:We isolated a novel full-length cDNA during liver
regeneration following SISPH.
CONCLUSION:We have succeeded in cloning a novel gene,
based on bioinformatics. We postulate that this gene may
function in complicated network in liver regeneration. On
the one hand, it may exert initiation of liver regeneration
via regulating nitric oxide synthesis. On the other hand, it
may protect damaged residue lobus following SISPH.
Li YC, Xu CS, Zhu WL, Li WQ. Isolation and analysis of a novel
gene over-expressed during liver regeneration. World J
Gastroenterol 2003; 9(6): 1282-1286
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INTRODUCTION
Liver regeneration is a system suitable for investigating
normally regulated growth[1-4]. After surgical removal of 70 %
of the mass of a healthy liver (two-thirds hepatectomy), residual
tissue enlarges to make up for the mass of removed substance
in entirety, in small animals, this process usually lasts 5 to 7
days[5-7].
The growth response after partial hepatectomyis governed
by priming and progression through the cell cycle[2,6,8]. The

priming phase coincides with loss of growth inhibition and
represents the G0 to G1 transition, whereas the progression
phase acts on promoting cell replication and represents the G1
to S transition. Priming involves the activation of a group of
non-specific factors, which are necessary, but not sufficient
for the S phase completion; they comprise the nuclear factor
for kappa chains (NF-κ) in B cells, signal transducer and
activator of transcription-3 (STAT3), activator protein-1 (AP1), CCAAT enhancer binding protein, and several immediate
early genes like epithelial growth factor (EGF), tumor necrosis
factor-alpha (TNF-α, IL-6), insulin, and matrix changes[9-15].
The priming step is reversible until the cells have crossed the
so-called G1 checkpoint, the cells thereupon being irreversibly
committed for replication. Moreover, the initiation of the
growth response depends on complex interactions among
hepatocytes and nonparenchymal cells, the extracellular matrix
(ECM), endocrine, autocrine, paracrine, and neuroregulatory
factors, oxygen free radicals, metabolites, and nutrients[2,6,9,16].
Progression signals include hepatocyte growth factor (HGF),
transforming growth factor-alpha (TGF-α), EGF and insulin.
The regulation of hepatic regenerative process depends on a
number of myriad factors that ultimately modulate
immediate-early, delayed-early, and liver-specific gene
expression[2,6,9,17-20].
The termination of hepatic regeneration still remains an
enigma. A variety of factors have been touted as growth
inhibitors/terminators during the regenerative response once
recovery of the liver mass has been achieved.TGF-β and
activins are regarded as potent inhibitors involved in the
termination response[21,22]. TGF-β is a fibrogenic cytokine
secreted by hepatic stellate cells, TGF-β mRNA, almost
undetectable in normal liver, increases within 3-4 h after partial
hepatectomy, and attains a plateau after 48-72 h. TGF-β1
overexpression in transgenic mice inhibits the abundance of
the cyclin-dependent kinase activating tyrosine phosphatase
cdc25A protein, and is associated with increased binding of
histone deacetylase 1 to p130 in the liver[23]. Activin A (the
homodimer of the inhibin β A chain) inhibits but follistatin
(anactivin-binding protein) promotes hepatocyte proliferation.
Whereas activin A is a negative regulator of hepatocyte
proliferation, mice deficient in both activin βC and activin βE,
are not different from wild-type mice with respect to liver
development and the regenerative response after partial
hepatectomy. The activin system also plays a significant role
in the dynamics of the ECM, in particular fibronectin; ECM
components are reconstructed during desinualization and
hepatocyte cluster formation. After rat liver injury and partial
hepatectomy, hepatocyte activin A receptors are downregulated at 24 hr and normalized at 72 hr. This phenomenon
may be involved in rendering hepatocytes responsive to
mitogenic stimuli, whereas increased activin A levels stimulate
stellate cell production of fibronectin, important for the growth
and proper placement of regenerating hepatocytes[24].
Despite the research efforts, our knowledge on the regulatory
mechanisms of cell growth, differentiation and tissue
organization is limited. There may be some unknown factors
that may play important roles in the process of liver
regeneration. To acquire a better understanding on the
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mechanisms involved, some researchers have established a
series of successive partial hepatectomy (SPH) models. These
mainly include the long interval successive partial hepatectomy
(LISPH) in which an interval of more than three weeks is
applied as described by Wu et al, the SPH model where a onethird hepatectomy 2 weeks after a two-thirds hepatectomy is
performed as described by Takeshi et al[25], and the short
interval successive partial hepatectomy (SISPH) model (0-440-76-112 hr) which has an interval of 4 and/or 36 h because
the cells would re-enter into dedifferentiation stage after 4 hr
and reach the peak of cell division after 36 hr following partial
hepatectomy as described by Xu et al [26]. Studies have
demonstrated that SISPH could provide more useful materials
for analyzing the mechanism of liver regeneration[27]. We have
begun identifying and characterizing some genes that are
strongly expressed in liver regeneration. We took 0 h and 112
hr as driver and tester respectively in 0-4-36-36-36hr SISPH
model and a suppression subtracted hybridization (SSH )
method was performed[28-30]. Then we constructed a forwardsubtractive cDNA library from which we have cloned 53 upregulated expressed sequence tags (ESTs). Among these, nine
ESTs were 100 % homologous to GenBank and 44 ESTs were
homologous to GenBank. one of these ESTs was found to be a
novel gene in GenBank. In the present study, we have used
one subtracted probe from suppression subtracted library in
liver regeneration and isolated its full-length cDNA from cDNA
library by the phage in situ hybridization method. Based on
bioinformatics, we suggest that it might play important roles
in the regulation of initiation of liver regeneration.

MATERIALS AND METHODS
Establishment of the SISPH model
Adult Spargue-Dawfey rats (weighing 200-250 g) were provided
by the Experimental Animal House of Henan Normal University,
and the 0-4-36-36-36 hr SISPH model was made according to
the method described by Xu et al[26]. Lobus external sinister and
lobus centralis sinister, lobus centralis, lobus dexter and lobus
candatus were removed one by one at four different time points,
i.e. at 4, 36, 36 and 36 hr (total time: 4 hr, 40 hr, 76 hr, 112 hr),
respectively. The fourth resected liver lobus was washed with
precooled phosphate- buffered saline (PBS) thoroughly, then
the sample was frozen in liquid nitrogen and transferred to the 80 ¡æ freezer for storage.
Primers

A1: 5’-ATTCTAGAGGCCGAGGCGGCCGACATG-d (T)30 N-3’
A2: 5’-AAGCAGTFFTATCAACGCAGAGT-3’
A3: 5’-TCGAGCGGCCGCCCGGGCAGGT-3’
A4: 5’-AGCGTGGTCGCGGCCGAGGT-3’
A5: 5’-TCCGAGATCTGGACGAGC-3’
A6: 5’-TAATACGACTCACTATAGGG-3’

Among these primers, A1 was used for synthesis of first cDNA
strand, A1/A2 were used to amplify dscDNA, A3/A4 were
used to probe expressed sequence tag with Dig, A5/A6 were
used to detect full length cDNA.

RNA Isolation
Total RNA was isolated from 112 h liver tissue samples
following SISPH by the method described by Chomczynski
and Sacchi[31]. Tissues were homogenized and extracted twice
with acidic guanidinium isothiocyanate-phenol-chloroform.
The poly(A)+ RNA fraction was isolated by oligo-dT cellulose
chromatography (Pharmacia Diagnostics AB, Uppsala,
Sweden). The purity and integrity of total RNA were monitored
by absorbance of ultraviolet spectrometer at 260/280 nm, and
electrophoresis was carried out on a denaturing formaldehyde
agarose gel and the gel was stained with ethidium bromide.
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RT-PCR
300 ng mRNA was reversely transcripted to single-stranded
cDNA by Powerscriptase at 42 ¡æ for 1hr. First-strand cDNA
was synthesized with a Sfi IB-oligo(dT) adapter-primer (A1).
The resulting single strand cDNA was amplified by PCR using
CDSIII/3primer (A1) and 5primer (A2) following parameters:
94 ¡æ for 45 s, 68 ¡æ for 6 min.
cDNA library construction
The double strand cDNA synthesis and library construction
were carried out mainly according to the manual of SMART
cDNA Library Construction Kit (Clontech, Heidelberg,
Germany). After second-strand synthesis and ligation of Sfi
IA adapters, cDNA was digested by Sfi IA/Sfi IB, generating
cDNA flanked by Sfi IA sites at 5 ends and /Sfi IB sites at the
3 ends. Digested cDNAs were size-fractionated with Sephacryl
S-500 spin columns and ligated into the λTriplEx2 express
vector predigested by Sfi IA/Sfi IB. The resulting concatomers
were packaged by using Gigapack Gold packaging extracts.
After titration, aliquots of primary packaging mixture were
stored in 7 % DMSO at -80 ¡æ as primary library stocks. At
the same time, the ratio of white (recombinant) to total (white
+ blue (nonrecombinant)) assay was determined [32]. The
remainder was amplified to establish stable library stocks.
Probe labeling and Phage in situ hybridization
A novel EST related to liver regeneration was probed with
A3/A4 primers according to the user manual of Dig Probe
Synthesis kit (Roche Diagnostics, Mannheim,Germany).
Thermal cycle parameters were 94 ¡æ for 2 min, 25 cycles
including a denaturation step at 94 ¡æ for 15sec, an annealing
step at 68 ¡æfor 30sec, extension at 72 ¡æfor 1 min and 30sec,
and a final extension step at 72 ¡æ for 7 min. The amplified
phage cDNA library was diluted in 1×lamda dilution buffer to
obtain a concentration of 104 pfu/ml and then to infect E. coli
XL1-Blue. Host bacterial cells were absorbed by phage at
37 ¡æ for 15 min and the indicated volume of melted LB top
agarose/MgSO4 was added. The mixture was inverted once
and poured onto a prewarmed, dry LB/MgSO4 plate. The plate
was inverted and incubated at 37 ¡æ until plaques became
distinctly visible. A nylon filter was numbered and placed onto
the LB soft top agarose, then the filter was marked in three
asymmetric locations. After 2 min, the filter was peeled off
carefully. The filter was placed in petri dishes orderly
containing DNA denaturing solution for 5 min, neutralizing
solution for 5 min, or 2×SSC for 5 min. Hybridization and
wash procedures were performed according to Sambrook[33].
When positive signal appeared the process was performed as
above for the secondary and tertiary screening until single clone
was obtained. Then recombinant λTriplEx2 was converted to
the corresponding pTriplEx2. Plasmid was extracted and sent
to TaKaRa (Dalian,China) for sequencing analysis.
RESULTS
RT-PCR
The mRNA was isolated from the 112 h liver tissue following
SISPH. A modified oligo (dT) primer (A1 primer) primed
the first-strand synthesis reaction. The resulting single strand
cDNA was amplified by PCR using CDSIII/3primer (A1)
and 5primer (A2) derived from SMART oligonucleotide
(Figure 1).
Determination of cDNA library
The unamplified library and amplified library were titered when
E.coli XL1-Blue was infected by λphage. The plaques were
counted and cDNA library was calculated respectively as
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follows: pfu/ml=number of plaques ×dilution ×103 µl/ml/µl of
diluted phage plated. Results showed that umamplified cDNA
library and amplified library were 6×106 pfu/ml and 6×1010
pfu/ml respectively. X-gal/IPTG was used to assess
recombination efficiency. Among 500-1 000 plaques, the ratio
of white (recombinant) to total (recombinant and blue
(nonrecombinant)) was 99.52 %. These data suggest that the
cDNA library was successfully established.
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Screening result and bioinformatics
Figure 2 shows the tertiary positive clone screened by phage
in situ hybridization. After conversion of a recombinant
λTriplEx2 to the corresponding pTriplEx2, the tertiary positive
clones were analyzed by PCR with the sequencing primers
A5/A6.The length detected by electrophoresis was consistent
with the sequencing result and its full length cDNA was 1 354
bp (Figure 3). We identified that its ORF region encodes 344
amino acids, its start codon AUG was in 47-49 nucleotide and
its termination codon TAG was in 1 079-1 081 nucleotides,
and the sequence followed by TAG was polyA (Figure 4). It
was compared with other sequences in the GenBank through
Internet by BLAST and found to be 98.8 % homologous to
mouse arginase. The sequence has been deposited in the
GenBank database (accession No. AF508019).
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Figure 1 Gel electrophoresis of double strand cDNA. Lane 1:
Double strand cDNA; lane 2: DNA mass marker.
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Figure 4 The full length of cDNA and its amino acid sequence.

DISCUSSION
To understand and elucidate the mechanism of liver
regeneraion, we established short interval successive partial
hepatectomy, and attached great importance to seeking some
novel differential display genes responsible for cell
differentiation and dedifferentiation by suppression subtracted
hybridization (SSH) to obtain a bulk of up-regulated and down-
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regulated expressed sequence tags (ESTs) in liver regeneration.
In the 0-4-36-36-36h SISPH model, we took 0h and 112 hr as
driver and tester respectively, and performed the SSH method.
Then we constructed a forward-subtractive cDNA library from
which we cloned 53 up-regulated ESTs. The 53 up-regulated
ESTs may be classified as following: (1) Related to positive/
negative major acute phase protein (MAPP) mRNA genes, such
as serum amyloid A, transferrin, haptoglobin, alpha acid
glyprotein and fibrinogen like factor; (2) Related to
mitochondrial oxidative phosphorylation genes such as ankyrin
protein and mitochondrial cytochrome oxidase subunits I, II,
III genes; (3)Related to protein synthesis genes such as
mitochondrial ribosomal protein 63 (Mrp63); (4) Related to
cell division genes, such as microtubulin associated protein
(MAP); and (5) Related to signal transduction genes; for
example, arginase gene may be related to NO signal pathway
and regulate hepatic regeneration together with NO synthase l.
5end cDNA is not completely reversely transcripted in
constructing traditional cDNA library, which leads to some
defaults in cloning full-length cDNA. In our study, we adopted
a switching mechanism at 5end of RNA transcript and
successfully resolved this shortcoming. Morover, the cDNA
library we constructed may simultaneously express three open
reading frames, and thus enables us to study from nucleic acid
and protein aspects[34].
Arginase is an important enzyme in ornithine cycle[35]. In
liver regeneration this enzyme is expressed highly, which may
regulate the process of generating NO. Recent work has
suggested that NO synthase (NOS) is necessary for liver
regeneration[36-38]. Aginase and NOS require the same substrate
amino acid L-arginine, thereby they compete for the same
substrate in liver regeneration[38,39]. In our study, arginase was
up-regulated, suggesting the involvement of arginase in
regulating NO signal pathway.
Lepoivre et al proved that inducible NO could inhibit mouse
DNA synthesis in hepatocellular carcinoma (HCC) in vitro.
TA3 cell may stimulate L-arginine to produce nitrite in
condition of adding IFN-γ or not adding LPS. NO affects
nucleotide reductase activity by binding unferrohemoglobin,
therefore, to inhibit DNA synthesis [40]. NO may trigger
phagocyte into G1 but negatively correlate with DNA synthesis
of hepatocytes.
The increase of NO concentration in residue lobus following
partial hepatectomy depends on gradual recovery of hepatocyte
function. NO may expand vascular smooth muscle in liver to
inhibit leukocyte adhesion and platelet aggregation, to improve
microcirculation and reduce fat accumulation and deposition
in liver accordingly. In normal state, arginine granted may
enhance arginine transportation and NO synthesis by
hepatocytes[41,42]. Thereby up-regulated arginine will protect
damaged liver, to some extent, following SISPH.
In conclusion, we succeeded in cloning a novel gene, based
on bioinformatics. We postulate that this gene may function
in complicated network in liver regeneration. On the one hand,
it may exert initiation of liver regeneration via regulating NO
synthesis. On the other hand, it may protect damaged residue
lobus following SISPH. More detailed studies are required to
clarify the biological functions of this gene in liver regeneration.
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space and the imbalance between synthesis and degeneration of
ECM. It is a change before cirrhosis[1-6]. Many studies suggested
that cytokines play important roles during hepatic fibrosis with
different mechanisms[1,7-16]. There is a contrary effect of insulinlike growth factor-1 (IGF-1) on rat hepatic stellate cells (HSC)
in vivo and in vitro. IGF-1 and its receptor (IGF-1R) may play a
significant role in hepatic fibrosis. The rat hepatic fibrosis model
was established and the immunoreactivities for IGF-1 and IGF1R in rat liver tissues were assessed to show the possible
involvement of IGF-1 and IGF-1R in the process of hepatic
fibrosis and the effect of interleukin-10 on this change.

Abstract

MATERIALS AND METHODS
Materials
One hundred clean male Sprague-Dawley rats weighing 140180 g (Provided by Shanghai Experimental Animal Center) were
divided randomly into 3 groups. The control group (group C)
included 24 rats; the model group (group M) included 40 rats
and the IL-10 treated group (group T) included 36 rats. All the
rats were bred under routine conditions.

AIM: To study the expression of IGF-1 and IGF-1R and its
intervention by interleukin-10 in the course of experimental
hepatic fibrosis.
METHODS: Hepatic fibrosis was induced in rats by carbon
tetrachloride intoxication and liver specimens were taken
from the rats administered CCl 4 with or without IL-10
treatment and the animals of the control group.
Immunoreactivities for insulin-like growth factor-1 (IGF-1)
and IGF-1 receptor(IGF-1R) were demonstrated by
immunohistochemistry, and their intensities were evaluated
in different animal groups.
RESULTS: The positive levels for IGF-1 and IGF-1R were
increased with the development of hepatic fibrosis, with the
positive signals localized in cytoplasm and/or at the plasmic
membrane of hepatocytes. The positive signals of IGF-1
and IGF-1R were observed more frequently (P<0.01) in the
CCl4-treated group (92.0 % and 90.0 %) compared to those
in the control group. The positive signals decreased
significantly (P<0.05) in IL-10-treated group. The responses
in IGF-1 and IGF-1R expression correlated with the time of
IL-10 treatment.
CONCLUSION: The expression of IGF-1 and IGF-1R
immunoreactivities in liver tissue seems to be up-regulated
during development of hepatic fibrosis induced by CCl4, and
exogenic IL-10 inhibits the responses.
Wang XZ, Chen ZX, Zhang LJ, Chen YX, Li D, Chen FL, Huang
YH. Expression of insulin-like growth factor 1 and insulin-like
growth factor 1 receptor and its intervention by interleukin-10
in experimental hepatic fibrosis. World J Gastroenterol 2003; 9
(6): 1287-1291

http://www.wjgnet.com/1007-9327/9/1287.asp

INTRODUCTION
Hepatic fibrosis is a common pathological change resulted from
various chronic hepatic injuries, which is characterized by an
increase of extracelluar matrix (ECM) deposition in the Disse’s

Methods
Preparation of rats The rats of group C were injected
intraperitoneally with saline 2 ml·kg-1 twice a week. The rats
of group M and group T were injected intraperitoneally with
50 % CCl4 (dissolved in castor oil) 2 ml·kg-1 twice a week.
From the third week, the rats of group T were injected
intraperitoneally with IL-10 4 ug·kg-1 (dissolved in saline) 20
minutes before they were injected with CCl4. All injections
were given on Monday and Thursday. To the fifth week, 3
rats in group M and 2 rats in group T died; to the seventh
week, 8 rats in group M and 4 rats in group T died; to the ninth
week, 10 rats in group M, 6 rats in group T and 3 rats in group
C died. In the 5,7,9 week, 10 rats of groups M and T and 7 rats
of control group were sacrificed and their livers were taken.
The specimens were fixed in 10 % formalin and embedded
with paraffin. Sections were stained by hematoxylin and eosin
and evaluated by pathologists.
Immunohistochemistry and data evaluation The rat liver
tissues were sectioned at a thickness of 4 µm. The sections were
deparaffinized with xylene, dehydrated with graded ethanol,
incubated in PBS containing 3 % H2O2 to block endogenous
perxoidase activity and then incubated in PBS containing 0.1M
citrate to saturate nonspecific binding sites. After incubation
with rabbit anti-rat IGF-1 or IGF-1R monoclonal antibody
(American Neomarkers Company), the recations were with the
instance S-P immunohistochemistry reagents (American Zymed
Company). And then, the sections were incubated in a buffer
containing 3, 3-diaminobenzidine tetrahydrochloride (DAB) and
H2O2 to produce a brown reaction product, then were dehydrated
and coverslipped. The reactions were graded according to their
intensities and percentage of the positive cell as follows:
negative=0, stained yellowish=1, stained with deep yellows or
brown=2; the percentage of stained cell: <5 %=0, 6 % to
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25 %=1, 26 % to 50 %=2, >50 % =3. Then the eventual result
was by these two scores according to the following predefined
definitions: 0 to 1= negative (-), 2 to 3=positive (+), 4 and above
4=strongly positive (++). Ridit analysis described the difference
between groups.

RESULTS
Expression of IGF-1 and IGF-1R in the liver tissues of the
three groups
The positive rates of IGF-1 in the control group, the CCl4-treated
group and the CCl4-and IL-10-treated group were 38.1 %, 92.
0 % and 71.4 %, respectively. Those of IGF-1R were 33.3 %, 80.
0 % and 64.3 %, respectively. The granular positive products
were localized in the cytoplasm and/or at the membrane, but
not in the nuclei. In group C, IGF-1 and IGF-1R signals were
weak, mainly located in the perivenular area (Figure 1,2). In
group M, the expression increased obviously with the
development of hepatic fibrosis, and the positive cells distributed

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
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throughout the hepatic lobule (Figure 3,4). In group T, the
changes were less pronounced than in group M (Figure 5,6).

Intensities of IGF-1 and IGF-1R immunoreactivities
The comparasion of IGF-1 and IGF-1R system expression levels
in groups C, M and T is listed in Table 1. Ridit analysis showed a
significant difference among the three groups (P<0.01).
Expression levels of the IGF-1 and IGF-1R in group M were
found to be higher than that in group C (P<0.01). In group T,
after the treatment with IL-10, the immunoreactivities for IGF1 and IGF-1R decreased (P<0.01 and P<0.05, respectively). The
data for IGF-1 and IGF-1R reactivities in different stages of
hepatic fibrosis are listed in Table 2. With the development of
hepatic fibrosis, intensities of IGF-1 and IGF-1R
immunoreactivities increased significantly (P<0.05). The data
for IGF-1 and IGF-1R immunoreactivities in different stages of
hepatic fibrosis in group T are listed in Table 3. A significant
decrease was observed in IGF-1 and IGF-1R expression with
the IL-10 treatment (P<0.05).

1

2

3

4

5

6

IGF-1 positively expressed cell in group C S-P method ×400.
IGF-1R positively expressed cell in group C S-P method ×400.
IGF-1 positively expressed cell in group M S-P method ×400.
IGF-1R positively expressed cell in group M S-P method ×400.
IGF-1 positively expressed cell in group T S-P method ×400.
IGF-1R positively expressed cell in group T S-P method ×400.
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Table 1 Intensities for IGF-1/IGF-1R immunoreactivities in
groups C, M and T
IGF-1

Group n
C
M
T
a

21
25
28

13
2
8

+
8
10
16

IGF-1R

++

Ridit value

0
13
4

0.302acf
0.689acd
0.480adf

-

+

14
5
10

++ Ridit value

7
8
16

0
12
2

0.331ac
0.666ace
0.478ae

P<0.01 vs among three groups, cP<0.01 group M vs group C
P<0.01, eP<0.05 group M vs group T, fP<0.05 group C vs group T.

d

Table 2 Intensities for IGF-1 and IGF-1R immunoreactivities
in different time points of hepatic fibrosis induced by CCl4
IGF-1

Week

n

5 wk
7 wk
9 wk

8
8
9

a

IGF-1R

-

+

++

Ridit value

-

+

++

Ridit value

0
0
2

1
4
5

7
4
2

0.683ab
0.510a
0.329ab

0
2
3

1
3
4

7
3
2

0.710ab
0.445a
0.362ab

P<0.05 vs among three groups, bP<0.05, 5 wk vs 9 wk.

Table 3 Intensities for IGF-1 and IGF-1R immunoreactivities
in different periods of hepatic fibrosis in group T
Week

5 wk
7 wk
9 wk
a

IGF-1

IGF-1R

n

10
9
9

-

+

++

Ridit value

-

+

++

Ridit value

0
3
5

7
5
4

3
1
0

0.678ab
0.468ab
0.333ab

1
3
6

7
6
3

2
0
0

0.661ab
0.488a
0.334ab

P<0.05 vs among three groups, bP<0.05, 5 wk vs 9 wk.

DISCUSSION
Hepatic fibrosis is the early stage of hepatic cirrhosis,
characterized by accumulation of excessive extracellular
matrix, necrosis, nodular regeneration of hepatocytes and
formation of fibrous septum[1-6]. Cytokines play important roles
in the formation and regression of hepatic fibrosis[1,7-16].
In the present study, up-regulated expression of IGF-1 and
IGF-1R was observed in liver tissues injured by CCl 4 intoxication, and was positively correlated with the development
of hepatic fibrosis. However, the response was less pronounced
in IL-10- treated group.
Insulin-like growth factors (IGFs) include two related
homologous polypeptides: IGF-1 and IGF-2, which have
similar structure and activity in vitro, but different biological
effect in vivo. Activation of mitosis and induction or
acceleration of differentiation are their major functions, which
are mediated through IGF-1R by means of autocrine, paracrine
and endocrine mechanisms. IGF-1R is a transmembrane
tyrosine kinase receptor. After binding with its ligand,
intracellular transcription and synthesis of proteins are activated
and regulated through a series of signal transduction. This gives
rise to insulin-like metabolic effects and promotes proliferation
and differentiation of cells. It is also involved in the
maintenance of transformed cell phenotypes. Its expression is
essential for the transforming function of cell cycle-related
protocogenes and viral oncogenes[17,18]. In addition, IGF-1 and
IGF-1R have an anti-apoptosis effect on different cells[13]. Liver
is the main organ of IGF-1, but the function of IGF-1 and IGF1R in hepatic fibrosis still remains controversial. Many authors
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have observed a decreased serum concentration of IGF-1 and
insulin-like growth factor-binding protein 3 (IGFBP3) in
patients with hepatic cirrhosis, this change is correlative with
cirrhosis progression. With the treatment of recombinant
somatotropin, the serum concentration increased along with
the improvement of protein synthesis and liver metabolism.
For these patients, the IGF-1 concentration below 10 nmol/L
was considered an unfavored response to the treatment and
poor prognosis[19-31]. Castilla et al and Myguerza et al reported
that the histological parameters in hepatic fibrosis animals were
improved after being treated with exogenous IGF-1. So IGF-1
might act as an antifibrogenic factor[32,33]. On the contrary, other
researches speculated IGF-1 had a great influence on hepatic
stellate cell (HSC), which was the main producer of ECM,
such as activating proliferation, inhibiting apoptosis,
accelerating the secretion of collagen type I, etc[13,34]. The
function of IGF-1 also seems to be regulated by IGF-BP, IGF1R and other cytokines[22-30].
The present study observed and evaluated IGF-1 expression
with the fibrosis progression, which might be a compensatory
reaction to the continuous loss of hepatocytes in the CCl4treated animals. We consider that IGF-1 may stimulate the
replication of hepatocytes and interfere with fibrosis. The
discordance was observed between the IGF-1 level in liver
tissue and that in serum, with the former higher and the latter
lower, this is likely due to the decrease of IGF-1 released from
hepatocytes to blood circulation. In other words, the
hepatocytic secretion of IGF-1 maybe regulated by means of
autocrine under such a situation. The positive correlation
between the expression of IGF-1 and IGF-1R and the fibrosis
progression may be helpful for fibrosis staging.
IL-10 is an antifibrogenic cytokine produced by Th2 cells,
macrophages, stellate cells and hepatocytes[35-47]. It has been
reported the deficiency of IL-10 prompted fibrosis probably
by its failure in inhibiting the overproduction of TGF-β1 and
TNF-α. The latter two cytokines are secreted by macrophages
and can enhance synthesis of collagen type I[48]. The knockout experiments (IL-10-/-mice) indicated that endogenous IL10 actually relieved CCl4-induced fibrosis[49-51]. In our previous
study, exogenous IL-10 was found to be able to inhibit the
progress of fibrosis and might be used for treatment. Similar
results were also reported by Nelson, but its mechanism remains
obscure[52,53]. The present study showed that IGF-1 and IGF1R expression decreased with the improvement of fibrosis after
treatment with IL-10. It seems that antifibrogenic effect of IL10 is associated with down-regulation of IGF-1/IGF-1R. More
works are demanded to clarify whether this action is regulated
by IGF-1 and IGF-1R or the decrease of IGF-1R expression is
only a phenomenon of hepatic cirrhosis remission.
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AIM:To observe the effects of Ganyanping on CCl"-induced
hepatic fibrosis in rats.
METHODS:The rats were separated randomly into five
groups. Groups A to group D, each consisting of 15 rats,
were for different tests, while 8 rats were used as normal
controls (N). For group D, CCl" was injected subcutaneously,
at a dosage of 3 ml/kg for 9 weeks. For group A,
Ganyanping was administered via gastric tube at a dosage
of 10 ml/kg. For group B, the treatment with Ganyanping
was started 4 weeks after CCl" administration. In group
C, Ganyanping was administered 8 weeks after the
intoxication, and treatment lasted for 4 weeks. Liver
tissues were fixed in 10 % formalin and embedded in
paraffin. Pathologic changes, particularly fibrosis, were
evaluated on the HE and V-G-stained sections. Ten middlepower fields were randomly selected for assessment of
collagen deposition.
RESULTS:Loss of normal hepatic architecture, some with
pseudo-lobule formation, was observed in group D, while
hepatocytes steatosis and fibrosis were less pronounced
in the animals treated with Ganyanping. Pseudo-lobule
formation was not evident in the latter groups. The total
collagen area and ratio were 840.23±81.65 and 7.0±0.9,
respectively in group D, the ratio being reduced greatly
in the Ganyanping-treated groups (148.73±45.89 and
1.16±0.33, respectively). The activities of MAO and ACP
were elevated and that of SDH in group D decreased in
the hepatic tissue as compared to the control group. The
treatment with Ganyanping abrogated these enzymatic
changes.
CONCLUSION:Our data approved that Ganyanping could
improve the microcirculation in the liver, reduce oxygenderived free radicals, and enhance the cellular metabolism
and immune function, all resulting in an anti-fibrotic effect.
Hence, Ganyanping can protect the liver from fibrosis. It

may be a safe and effective preparation for patient with
fibrosis.
Tang WX, Dan ZL, Yan HM, Wu CH, Zhang G, Liu M, Li Q, Li SB.
Experimental study of effect of Ganyanping on fibrosis in rat
livers. World J Gastroenterol 2003; 9(6): 1292-1295
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INTRODUCTION
Ganyanping, a preparation of Chinese herbs proposed by Li
Shaobai et al[1] has been used in clinical and experimental fields
for many years. It has been shown to be protective for the
animal liver against injury by D-GalN and cirrhosis caused by
CCl4 intoxication[2-6]. In this study, the effects of Ganyanping
on liver fibrosis used a CCl4- intoxication model. The V-G
and enzyme histochemistry techniques were employed to
observe the effects of Ganyanping.
MATERIALS AND METHODS
Reagents
CCl4 (Beijing Chemical Factory, Lot No. 20000225) was diluted
to 40 % in vegetable oil (Southseas Oils & Fats Industrial (CHI
Wan) Limited, Grade One, Lot No. KOSOF Ts88). Ganyanping
tablet preparation (Lot No.20001110) was provided by the
Institute of Liver Disease, Tongji Hospital, Tongji Medical
College, consisting of Radix Astragali seu Hedysari, Radix
Salviae Miltiorrhizae, Rhizoma polygoni Cuspidati and other
herbs. The tablets were prepared in the Chinese Medicine
Pharmacy of Tongji Hospital. The powder of Ganyanping was
dissolved into water (1.2 g/ml) before use.
Animals
68 Wistar rats (¡â & ¡á, 38 for ¡â and 30 for ¡á), weighing
between 170 and 250 g, were provided by the Laboratory
Animal Center of Tongji Medical College. The rats were
separated randomly into five groups. Group N, normal control,
consisted of 8 rats. For group A to group D, rats (15 for each)
were treated with CCl4 by subcutaneous injection at a dosage
of 3 ml/kg for 9 weeks. For group A, Ganyanping (10 ml/kg)
was also administered via gastric tube along with the CCl4
intoxication. For group B, Ganyanping treatment was started
4 weeks later and lasted for the remaining 5 weeks. For group
C, Ganyanping was given after 8 weeks of CCl4 administration,
and the treatment lasted for 4 weeks. Ganyanping was
administrated in the form of an aqueous suspension (2 g/ml).
After 9 weeks, the overnight fasting animals were anesthetized
with sodium pentobarbital (30 mg/kg, per injection). Blood
was taken from inferior vena cava for the estimation of
biochemical parameters including values of ALT, AST, and
concentrations of protein and albumin.
Pathological observations
Hepatic tissues were fixed with formalin and embedded with
paraffin. The sections were stained with hematoxylin and eosin.
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Samples for electron microscopy were fixed in 25 g/L
glutaraldehyde buffer for two hours, then with osmium acid,
dehydrated in acetone, and embedded with epoxy resin. The
sections were observed under an electron microscope (OPTON
EM10C, Carl Zelss Company, Made in Germany, No.5166,
voltage is 60KV).

V-G staining and enzymatic reactions
Van Giesons method was used to demonstrate collagen
fibers[7]. HPIAS-1000 auto medical image analyzing system
was used for quantitative assessment of collagen fibers in liver.
Ten middle power fields were selected randomly for the total
area occupied by collagen fibers and its ratio against the total
area observed. Activity of monoamine oxidase (MAO) was
demonstrated using 15 µm-thick frozen sections with the
chayen method, that of succinic dehydrogenase (SDH) was
visualized using lojda method, that of ALP with culling method,
and that of ACP with Bancroft method[8]. NOS was shown
using NADPH method[9].

Figure 1 Loss of normal lobular architecture,some had pseudo
lobule formation in the CCl4 intoxicated groups. HE×100.

Statistics
Statistical analysis with ANOVA: Data were presented as x±s.
Significant differences were determined by using ANOVA in
statistical software SPSS11.0. Results were considered
significant when P<0.05.
RESULTS
Histologic and ultrastructural findings
Liver sample from group D showed loss of normal lobular
architecture. The parenchyma showed steatosis, cellular
swelling, necrosis, and was divided into rounded nodules,
separated by bands of fibrous tissues, while in groups A, B
and C, the steatosis was not severe and the fibrosis was not
so pronounced, without any pseudo-lobule observed (Figures
1, 2). Hepatocellular degeneration was frequently seen in the
intoxicated animals under electron microscope, characterized
by marked swelling of mitochondria, loss of rough
endoplasmic reticulum structures and distention of them.
Glycogen particles were greatly reduced and more lipid
droplets were found in the cytoplasmic compartment. In some
hepatocytes, nuclear irregularity was noted, lipid droplets and
some components resembling rough endoplasmic reticulum
(nuclear or pseudo-nuclear inclusions) were also found within
the nuclei. A few lipid droplets were found in the cytoplasm
in the Ganyanping-treated groups (Figures 3, 4).
VG staining
Fibrosis was shown in group D by VG staining, with hepatic
parenchyma separated by the rough, red-stained fibrotic septa.
The change was less pronounced in the Ganyanping-treated
groups. The total collagen-deposited area and ratio in group
D, but not in the Ganyanping-treated groups (P<0.05), were
increased compared to those in the control group (P<0.001)
(Table1, Figures 5, 6).

Figure 2 Steatosis was not severe and fibrosis was not so
pronounced, without any pseudo -lobule formation in the
Ganyanping-treated groups. HE×100.

Figure 3 The numbers of hepatic stellate cells and collagen fibrils
increased in Disse’s space and hepatocellular degeneration were
frequently seen in the CCl4 intoxicated groups.×4 000.

Table 1 Area occupied by fibrotic septa and its ratio to the
total area examined
Groups
N
A
B
C
D

n
8
15
15
15
15

Area covered by fibrotic septa (um2)
35.30±13.86b
200.74±33.84a
148.73±45.89a
158.73±40.89a
840.23±81.65

P<0.05 vs Group D, bP<0.001 vs Group D.

a

Ratio (%)
0.32±0.18b
1.63±0.45a
1.16±0.33a
1.12±0.28a
7.00±0.90

Figure 4 Most of hepatocytes showed basically normal ultrastructure and a few lipid droplets were found in the cytoplasm
in the Ganyanping-treated groups. ×4 000.
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frozen sections with the procedures described above. Those for
MAO and ACP were found to be elevated and that of SDH was
reduced in group D compared to those in the control group. The
changes were not so marked in any of the Ganyanping-treated
groups (Tables 2, 3; Figures 7, 8).
Table 2 Semiquantitative assessment of enzymatic activities
in different liver samples
Groups

Figure 5 Hepatic parenchyma separated by the rough, redstained fibrotic septa in the CCl4 intoxicated groups. VG×200.

N
A
B
C
D

n

MAO

SDH

ACP

LDH

8
15
15
15
15

++
++
++
++
+++¡ü

+++
+++
+++
+++
++¡ý

+
++
+
+
+++¡ü

++
+¡ý
++
++
+¡ý

NOS

ALP

++
++
++
++
++

++
++
++
++
++

+: positive; ++: moderately positive; +++: strongly positive; ¡ü:
activity enhancement; ¡ý: activity weakened.
Table 3 Quantitative observation of the liver enzymatic
activities (mean absorbance)
Groups n

Figure 6 Collagen fibrosis was less pronounced in the
Ganyanping-treated groups. VG×200.

Figure 7 Increase in the activities of MAO(+++) in the CCl4
intoxicated groups. ×75.

Figure 8 Decrease in the activities of MAO in the Ganyanpingtreated groups (++). ×75.

Enzymatical reactions
Activities of MAO, SDH, ALP and NOS were demonstrated in

N

8

MAO

SDH

0.2042±0.041a

ACP

LDH

0.4057±0.030a

0.1160±0.0338a

0.1685±0.0103

0.2917±0.045

0.1623±0.0246

a

0.1948±0.0319

0.2101±0.0342a

0.1331±0.0071

A

15

0.3201±0.066

B

15

0.3308±0.079a 0.3380±0.103a

C

15

0.1835±0.060a 0.3939±0.0434 a 0.1884±0.0542a 0.1757±0.0216

D

15

0.5022±0.149

a

a

0.1819±0.1049

0.4235±0.0727

0.1656±0.0145

P<0.05 vs group D.

a

DISCUSSION
It remains a problem to prevent cirrhosis or to control its
progression in patients with a chronic liver disease[10,11]. Great
efforts have been made to find safe and effective drugs. Recent
clinical and experimental observations have demonstrated that
Chinese medicines might be of some preventive and therapeutic
values against fibrosis[12-20]. Ganyanping, prepared according
to the regime of Li Shaobai et al[21], has been used for many
years for this purpose. However, its effect and associated
mechanism need further experimental evidence. For this
reason, we used CCl4 to induce liver fibrosis and investigated
herein the effects of Ganyanping on fibrosis.
Liver fibrosis is a pathologic process associated with over
production and deposition of collagen fibers[22, 23] and other
extracellular matrix (ECM) components[24-27] resulted from
various hepatic diseases. It is considered a necessary
intermediate step between liver parenchyma injury and
cirrhosis[28]. Activation of hepatic stellate cells (HSCs) has been
shown to be one of the critical steps during hepatic fibrosis[29-34].
It is associated to a number of pathological factors, resulting
in ECM deposition and hepatic fibrosis. This was also observed
in the fibrosis caused by CCl4 intoxication, and this process
could be effectively controlled by treatment with Ganyanping.
The preparation was found to be inhibitory in the collagen
production.
MAO is used as a marker for evaluating hepatic function in
cirrhosis, its elevation indicating liver damage[35]. An increase
in MAO activity was observed in the intoxication group.
Ganyanping was found to be able to abrogate this change.
Thus, Ganyanping is considered to have some anti-cirrhotic
effect. SDH is a rate-limiting enzyme in the tricarboxylic
acid cycle[36,37]. The elevation of its activities reflects more
active metabolism. Our data indicate the treatment with
Ganyanping might be helpful for liver parenchyma cells to
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maintain this SDH activity through the intoxication. The
treatment was also shown to be helpful for stabilizing the
lysosome membrane in chronic hepatic injury, reflected by its
interference to ACP values of the animals received intoxication.
In the present study, activity of NOS was shown to be reduced
in the CCl4-intoxicated group, but the effect was partially
abrogated by the treatment with Ganyanping, indicating that
the treatment might help the liver to recover its function through
the stress caused by CCl4 administration.
In summary, Ganyanping was found to play some antifibrotic role. According to the theory of traditional Chinese
medicine, Ganyanping may possess multiple pharmaceutical
effects, such as invigorating qi and activating blood,
dispersing stagnated hepatic qi and facilitating the discharge
of bile, delivering heat and toxins, and eliminating
dampness in view of its composition. Our experimental data
have proved that Ganyanping could reduce oxygen-derived
free radicals, and enhance the cellular metabolism and immune
function, all resulting in an anti-fibrotic effect. Ganyanping
may be used as a safe and effective preparation for patients
with fibrosis.
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Abstract
AIM: To investigate the role of NF-κB activation and zinc
finger protein A20 expression in the regulation of maturation
of dendritic cells (DCs) derived from liver allografts
undergoing acute rejection.
METHODS: Sixty donor male SD rats and sixty recipient
male LEW rats weighing 220-300 g were randomly divided
into whole liver transplantation group and partial liver
transplantation group. Allogeneic (SD rat to LEW rat) whole
and 50 % partial liver transplantation were performed. DCs
from liver grafts 0 hour and 4 days after transplantation
were isolated and propagated in the presence of GM-CSF in
vitro. Morphological characteristics and phenotypical features
of DCs propagated for 10 days were analyzed by electron
microscopy and flow cytometry, respectively. NF-κB binding
activity, IL-12p70 protein and zinc finger protein A20
expression in these DCs were measured by EMSA and
Western blotting, respectively. Histological grading of
rejection was determined.
RESULTS: Allogeneic whole liver grafts showed no signs
of rejection on day 4 after the transplantation. In contrast,
allogeneic partial liver grafts demonstrated moderate to
severe rejection on day 4 after the transplantation. After
propagation for 10 days in the presence of GM-CSF in vitro,
DCs from allogeneic whole liver grafts exhibited features
of immature DC with absence of CD40 surface expression,
these DCs were found to exhibit detectable but very low
level of NF-κB activity, IL-12 p70 protein and zinc finger
protein A20 expression. Whereas, DCs from allogeneic
partial liver graft 4 days after transplantation displayed
features of mature DC, with high level of CD40 surface
expression, and as a consequence, higher expression of
IL-12p70 protein, higher activities of NF-κB and higher
expression of zinc finger protein A20 compared with those
of DCs from whole liver grafts (P<0.001).
CONCLUSION: Th e se re s u l ts s u g g e st th at A20
expression is up-regulated in response to NF-κB activation
in mature DCs derived from allogeneic liver grafts
undergoing acute rejection. Given the NF-κB inhibition
function of this gene, it is suggested that their expression
survives to limit NF-κB activation and maturation of DCs,

and consequently inhibits the acute rejection and induces
acceptance of liver graft.
Xu MQ, Wang W, Xue L, Yan LN. NF-κB activation and zinc
finger protein A20 expression in mature dendritic cells derived
from liver allografts undergoing acute rejection. World J
Gastroenterol 2003; 9(6): 1296-1301
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INTRODUCTION
Dendritic cells (DCs) are specialized antigen-presenting cells
(APCs) that play an essential role in the activation of
lymphocytes [1-10] . Among APCs, which also include
macrophages and B cells, only DCs are believed to be capable
of activating naive T cells. DC function is regulated by their
state of maturation. Immature DCs resident in nonlymphoid
tissues such as normal liver are deficient at antigen capture and
progressing processing[11, 12]. “Maturation” of DC can be induced
by microbial stimuli, proinflammatory cytokines, as well as
through interaction with CD40L-CD40 cross-linking[13-20]. The
control of DC maturation and activation plays an important role
in regulating their T cell priming functions[21]. Significantly,
engagement of CD40 expressed on DCs with CD40L expressed
on T cells not only stimulates maturation and cytokine production
but also enhances DC survival and activation[19, 22, 23]. Mature
DCs are highly immunogenic due to high levels of expression
of MHC I and II, costimulatory and adhesion molecules,
including B7-1, B7-2, CD40, and ICAM-1[11-19]. In the case of
experimental skin, heart, or kidney allografts, mature dendritic
cells resident in donor tissue have been implicated as the principal
instigators of rejection. Whereas, DCs derived from normal liver
display an immature phenotype with absence of costimulatory
molecules (CD40, CD80 and CD86) surface expression, low
levels of MHC class I and II, and as a consequence, low
stimulatory capacity for naive allogeneic T cells. Unlike mature
DC, these liver-derived immature DCs do not induce detectable
levels of intracytoplasmic IFN-γ in allogeneic CD4+ cells in 72h MLR, and elicite very low levels of CTLs in vitro[11, 12]. It has
been observed that liver-derived[11, 24] or bone marrow-derived
immature DCs[25], propagated in vitro and lacking surface
costimulatory molecules, can prolong heart or pancreatic islet
allograft survival. Whereas, marked augmentation of DCs
numbers and maturation of DCs in liver allografts by donor
treatment with the hematopoietic growth factor fms-like
tyrosine kinase 3 (Flt3) ligand (FL) results in acute liver graft
rejection[26, 27].
Although the significance of DCs as regulators of
transplantation immunity is beyond doubt, little is known
about intracellular mechanisms specifically responsible for
regulation of DC activation and maturation. Previous studies
have suggested that NF-κB may play a key role in DC
maturation [20, 28-30], and NF-κB inhibition could impair the
maturation and function of DC[28, 29].
A20 is a zinc finger protein originally identified as a TNF-
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inducible gene product in endothelial cells (EC), and has been
shown to be dependent upon NF-κB for its expression. A20 is
expressed in a variety of cell types including fibroblasts, B, T,
and β-cells in response to different stimuli including LPS, IL1 and CD40 cross-linking [31-36]. A20 is itself a NF-κBdependent gene and is part of a negative regulatory loop critical
for modulation of cell activation [37, 38]. A20 serves a broad
cytoprotective function in EC by protecting EC from apoptosis
and down-regulating inflammatory responses via NF-κB
inhibition[39]. A20-/- knock-out mice are born cachectic and die
within 3 weeks from severe and uncontrolled inflammation
that further confirms the potent anti-inflammatory function of
A20[40]. A20 is also part of the physiologic NF-κB-dependent
survival response of hepatocytes to injury, limited expression
of A20 in hepatocytes drastically improves the fate of mice in
the D-gal/LPS model of toxic FHF where A20 protects
hepatocytes from apoptosis and promotes the liver regeneration
[37]
. In addition, investigation has shown that A20 expression
is up-regulated in human renal allografts in response to immune
injury inferred by acute rejection, and the result suggests that
A20 could limit graft injury[41].
Although A20 is a very effective inhibitor of NF-κB activation
induced by LPS, IL-1 and CD40 cross-linking, little is known
about the role of A20 in the regulation of maturation of DCs derived
from allogeneic liver grafts accompanied by acute rejection.
The purpose of the present study was to investigate the
binding activity of NF-κB DNA and A20 expression in mature
DCs derived from allogeneic partial liver grafts undergoing
acute rejection in rats. Attempts were made also to correlate
A20 expression in DCs derived from liver grafts with the
acceptance of allogeneic liver grafts.

MATERIALS AND METHODS
Animals
Sixty donor male SD rats and sixty recipient male LEW rats
weighing 220-300 g were randomly divided into whole liver
transplantation group and partial liver transplantation group.
Allogeneic whole and 50 % partial liver transplantation were
performed using a SD to LEW combination. The animals were
purchased from Chinese Academy of Sciences and Sichuan
University. They were maintained with a 12-hour light/dark
cycle in a conventional animal facility with water and
commercial chow provided ad libitum, with no fasting before
the transplantation.
Liver transplantation
All operations were performed under ether anesthesia in clean
but not sterile conditions. All surgical procedures were
performed from 8 a.m to 5 p.m . Donors and recipients of
similar weight (±10 g) were chosen. Liver reduction was
achieved by removing the left lateral lobe and the two caudate
lobes, which resulted in a 50 % reduction of the liver mass.
Whole liver transplantation (WLT) and partial liver
transplantation (PLT) were performed according to the method
described in our previous study[42].
Histology
Part of liver tissues was sectioned and preserved in 10 %
formalin, embedded in paraffin, cut with microtome, and
stained with hematoxylin and eosin. The histological grading
of rejection was determined according to the criteria described
by Williams.
Propagation and purification of liver graft-derived DC
populations
DCs from liver graft 0 hour and 4 days after the transplantation
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were propagated in GM-CSF from nonparenchymal cells
(NPC) isolated from collagenase-digested liver graft tissue, as
described by Lu et al [24] . Nonadherent cells, released
spontaneously from proliferating cell clusters, were collected
after culture for 10 days, and purified by centrifugation 500 ×g,
for 10 minutes at room temperature on a 16 % w/v metrizamide
gradient (DC purity 80-85 %).

Morphological and phenotypical features of DCs
Morphological characteristics of DCs derived from liver graft
were observed by electron microscopy. Expression of cell
surface molecules was quantitated by flow cytometry as
described in our previous study [42]. Aliquots of 2×10 5 DCs
propagated for 10 days in vitro were incubated with the
following primary mouse anti - rat mAbs against OX62, CD40
(Serotec, USA), or rat IgG as an isotype control for 60 minutes
on ice (1 µg/ml diluted in PBS/1.0 % FCS). The cells were
washed with PBS/1.0 % FCS and labeled with FITC-conjugated
goat anti-mouse IgG, diluted 1/50 in PBS/1.0 % FCS for 30
minutes on ice. At the end of this incubation, cells were washed,
propidium iodide/PBS were added, and the cells were
subsequently analyzed in an FACS-4200 flow cytometer
(Becton-Dikison, USA).
Isolation of nuclear proteins
Nuclear proteins were isolated from DCs extract by placing
the sample in 0.9 ml of ice-cold hypotonic buffer [10 mM·L-1
HEPES (pH7.9), 10 mM·L-1 KCl, 0.1 mM·L-1 EDTA, 0.1 mM·L-1
ethylene glycol tetraacetic acid, 1 mM·L-1 DTT; Protease
inhibitors (aprotinin, pepstatin, and leupeptin, 10 mg·L-1 each)].
The homogenates were incubated on ice for 20 minutes,
vortexed for 20 seconds after adding 50 µl of 10 % NonideP40, and then centrifuged for 1 minutes at 4
in an
Eppendorf centrifuge. Supernatants were decanted, the
nuclear pellets after a single wash with hypotonic buffer
without Nonide-P40 were suspended in an ice-cold hypertonic
buffer [20 mM·L-1 HEPES(pH7.9), 0.4 M·L-1 NaCl, 1 mM·L-1
EDTA,1 mM·L-1 DTT; Protease inhibitors], incubated on ice
for 30 minutes at 4 , mixed frequently, and centrifuged for
15 minutes at 4 . The supernatants were collected as nuclear
extracts and stored at -70 . Concentrations of total proteins
in the samples were determined according to the method of
Bradford.
Electrophoretic mobility shift assay (EMSA) for NF-kB
activation of DCs
NF-κB binding activity was performed in a 10-µl binding
reaction mixture containing 1×binding buffer [50 mg·L-1 of
double-stranded poly (dI-dC), 10 mM·L-1 Tris-HCl (pH7.5),
50 mM·L-1 NaCl, 0.5 mM·L-1 EDTA, 0.5 mM·L-1DTT, 1 mM·L-1
MgCl2, and 100 ml·L-1 glycerol], 5 µg of nuclear protein, and
35 fmol of double-stranded NF-κB consensus oligonucleotide
(5’-AGT TGA GGG GAC TTT CCC AGG-3’) that was endly
labeled with γ- 32P (111TBq mM-1 at 370 GBq -1) using T4
polynucleotide kinase. The binding reaction mixture was
incubated at room temperature for 20 minutes and analyzed
by electrophoresis on 7 % nondenaturing polyacrylamide gels.
After electrophoresis, the gels were dried by Gel-Drier (BiolRad Laboratories, Hercules, CA) and exposed to Kodak Xray films at -70 .
Western blotting for IL-12 p70 and zinc finger protein A20
expression in DCs
DCs cultured for 10 days in vitro were starved in serum-free
medium for 4 hours at 37 . These cells were washed twice
in cold PBS, resuspended in 100 µl lysis buffer (1 % Nonidet
-P40, 20 mM Tris-HCl, pH8.0, 137 mM NaCl, 10 % glycerol,
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2 mM EDTA, 10 µg·mL-1 leupeptin, 10 µg·mL-1 aprotinin, 1mM
PMSF, and 1 mM sodium orthovanadate), and total cell lysates
were obtained. The homogenates were centrifuged at 10 000×g
for 10 minutes at 4 . Cell lysates (20 µg) were electrophoresed
on SDS-PAGE gels, and transferred to PVDC membranes for
Western blot analysis. Briefly, PVDC membranes were
incubated in a blocking buffer for 1 hour at room temperature,
then incubated for 2 hours with Abs raised against IL-12 p70
and A20 (Santa Cruz, CA). The membranes were washed and
incubated for 1 hour with HRP-labeled IgG. Immunoreactive
bands were visualized by ECL detection reagent. The binding
bands were quantified by scanning densitometer of a Bio-Image
Analysis System. The results were expressed as relative optical
density.

Statistics analysis
Statistic analysis of data was performed using the Student’s ttest; P<0.05 was considered statistically significant.
RESULTS
Histological rejection
Histological rejection features of allografted livers were
compared between the whole and partial groups on day 4 after
the transplantation, allogeneic whole liver grafts demonstrated
no rejection. In contrast, partial liver grafts demonstrated
moderate to severe rejection, including inflammatory cellular
infiltration in the portal tract, endotheliitis, bile duct damage
and hepatocytes necrosis.
Phenotypic characteristics of liver graft-derived DCs
propagated in vitro
As shown in our previous study[42], after cultured for 10 days
in the presence of GM-CSF, DCs both from whole and partial
liver grafts displayed typical morphological features of DC,
including anomalous shape, bigger body, and numerous
longer dendrites. Flow cytometry showed 80-85 % of these
DCs strongly expressed rat DC - specific OX62 antigen
molecule, which suggested that high purity DCs were
obtained. Flow cytometric analysis showed that DCs from
whole liver grafts and from partial liver grafts 0 hour after
the transplantation were negative for the costimulatory
molecule CD40 expression, which was an immature
phenotype (CD40-), whereas DCs from partial liver graft 4
days after the transplantation showed high level of CD40
expression, which was a mature phenotype(CD40+). These
results suggested maturation of DCs resident in allogeneic
partial liver graft undergoing acute rejection.
IL-12 p70 protein expression in DCs derived from allogeneic
partial liver grafts
Our previous study showed that IL-12 p35 and IL-12 p40
subunit expressions were significantly up-regulated in mature
DCs derived from allogeneic partial liver grafts undergoing
acute rejection[42]. In the present study, we evaluated IL-12
p70 expression in DCs from allogeneic liver grafts. As shown
in Figure 1, DCs derived from both whole and partial liver
grafts 0 hour after the transplantation expressed detectable but
very low level of IL-12 p70, and expression level of IL-12
p70 in DCs from whole liver graft 4 days after transplantation
was not elevated compared with those of DCs from whole liver
graft 0 hour after the transplantation (P>0.05). However,
expression of IL-12 p70 in DCs from partial liver graft 4 days
after transplantation was markedly increased, and their
expression levels were significantly higher than those of DCs
both from partial liver graft 0 hour and whole liver graft 4
days after transplantation (P<0.001).
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Figure 1 Expression of IL-12 p70 in liver graft - derived DCs
by Western blotting. Lanes 1, 2: Expression of IL-12 p70 in DCs
from partial liver graft and whole liver graft 0 hour after
transplantation. Lanes 3, 4: Expression of IL-12 p70 in DCs from
partial liver graft and whole liver graft 4 days after
transplantation. aP<0.001 vs 4d WLT group ; bP<0.001 vs 0 hour
PLT group.

Electrophoretic mobility shift assay (EMSA) for NF-κB
activation of DCs
As shown in Figure 2, EMSA analysis showed detectable but
very low level of NF-κB activity of DCs derived from both
whole and partial liver grafts 0 hour after transplantation, and
NF-κB activity of DCs from whole liver graft 4 days after
transplantation was not increased compared with those of DCs
from liver graft 0 hour after transplantation (P>0.05). However,
NF-κB activity of DCs from partial liver graft 4 days after
transplantation was significantly elevated compared with those
of DCs from partial liver graft 0 hour and whole liver graft 4
days after transplantation (P<0.001).
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Figure 2 NF-κB activation of DCs derived from allogeneic liver
grafts. Lanes 1, 2: NF-κB activation of DCs from partial liver
graft and whole liver graft 0 hour after transplantation. Lanes
3, 4: NF-κB activation of DCs from partial liver graft and whole
liver graft 4 days after transplantation. aP<0.001 vs 4 d WLT
group; bP<0.001 vs 0 hour PLT group.

A20 protein expression in DCs derived from partial liver allografts
In order to investigate the intracellular mechanisms specifically
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responsible for regulation of DC activation and maturation,
we evaluated NF-κB inhibitor zinc finger protein A20
expression in DCs derived from allogeneic liver grafts. As
shown in Figure 3, DCs from both whole and partial liver grafts
0 hour after the transplantation expressed detectable but very
low level of A20, and expression level of A20 in DCs derived
from whole liver graft 4 days after transplantation was not
increased compared with those of DCs from whole liver graft
0 hour after transplantation (P>0.05). However, expression of
A20 in DCs from partial liver graft 4 days after transplantation
was markedly up-regulated, and its expression level was
significantly higher than those of DCs both from partial liver
graft 0 hour and whole liver graft 4 days after transplantation
(P<0.001).
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Figure 3 Expression of A20 protein in DCs derived from allogeneic liver grafts. Lanes 1, 2: Expression of A20 protein in
DCs from partial liver graft and whole liver graft 0 hour after
transplantation. Lanes 3, 4: Expression of A20 protein in DCs
from partial liver graft and whole liver graft 4days after
transplantation. aP<0.001 vs 4 d WLT group; bP<0.001 vs 0 hour
PLT group.

DISCUSSION
Despite the emergence of DCs as key cellular players in the
immune system, the signal transduction events that regulate
DC maturation and function have been poorly understood. This
study was conducted to explore whether NF-κB activation and
its inducible expression gene of A20 could be detected in
mature DCs derived from liver allograft undergoing acute
rejection. Our aim was to determine whether A20 gene is
involved in NF-κB inhibition of these mature DCs. In the
present study, it has been shown that engagement of CD40 on
DCs derived from allogeneic partial liver grafts undergoing
acute rejection leads to a powerful NF-κB activation of these
mature DCs, and as a consequence, leads to high level
expression of the protective gene A20 in these DCs. Expression
of this gene in mature DCs derived from liver graft undergoing
acute rejection is consistent with their known potential to be
induced in response to NF-κB activation.
It has been shown that DCs derived from allogeneic partial
liver grafts undergoing acute rejection displayed mature
phenotypic high level CD40 expression and NF-κB activation.
Although resting DCs residing in normal liver tissues display
only low levels of CD40, B7, and MHC class II molecule
expression[11, 12, 24]. The ischemia/reperfusion injury which is
consecutive to the transplantation procedure will rapidly
activate them. In addition, partial hepatectomy has been
reported to induce the expression of MHC II on Kupffer cell.
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Interstitial dendritic cells and sinusoidal endothelium in rats,
together with the up-regulated TNF-α production after partial
hepatectomy would induce the expression of B7 and CD40
molecules on DCs[16]. These factors could stimulate maturation
of DCs derived from partial liver grafts. These mature DCs
may contribute to the allogeneic liver graft rejection
induction. Previously other studies showed that mature DC
could provide signals able to trigger T cell proliferation after
TCR engagement[43, 44]. These accessory, or “costimulatory”
signals, are consecutive to interactions between costimulatory
molecules present on activated DC such as B7, CD40, and
OX40-ligand and their respective counter-receptors, CD28,
CD40-ligand, and OX40, on T cell membranes. Several
intracellular signals follow the engagement of costimulatory
molecules. Interactions of CD40L, CD28, and OX40 with their
ligands on DCs activate the transcription factor NF-κB in both
T cells and DCs[29, 30]. In turn, NF-κB initiates the transcription
of numerous genes involved in immune activation, such as
chemokines and cytokines[20, 30], and also of costimulatory
molecules themselves. For instance, CD40 ligation on the APC
will up-regulate its expression of B7 molecules. This initiates
positive feedback loops ultimately contributing to T cell
expansion[45]. Among the costimulatory molecules, CD40 and
B7 seem to play a crucial role in alloreactive responses. Indeed,
blockade of both CD40 and B7 molecules at the time of
transplantation prevents allograft rejection and induces
alloreactive T cell anergy [46, 47]. In the present study, DCs
derived from allogeneic partial liver grafts undergoing acute
rejection demonstrated high level expression of CD40, which
could interact with the CD40-ligand on T cells, leading to a
powerful NF-κB activation and high level of IL-12p70
expression in these mature DCs. Given an essential role for
NF-κB transcription in LPS- and CD40L - induced expression
of IL-12 (IL-12 p35, p40 and p70) in DCs[20], IL-12 is a key
inducer of liver graft rejection[26], together with high level of
IL-12 p35 and IL-12 p40 protein expression in the mature
DCs derived from allogeneic liver grafts undergoing acute
rejection[42]. Our results suggest that NF-κB may play a key
role in the maturation of DCs derived from allogeneic liver
grafts undergoing acute rejection.
To provide further insights into potential intracellular
mechanisms responsible for maturation regulation of DCs
derived from allogeneic liver grafts undergoing acute rejection,
we measured the protective A20 gene expression in these DCs.
Zinc finger protein A20 is a potent inhibitor of NF-κB[31], and
although other studies have shown A20 is mainly expressed
in endothelial and infiltrating mononuclear cells of human renal
allografts undergoing acute rejection[41], little is known about
whether it is also involved in the regulation of DC maturation
and activation. Our results first demonstrate that high level
A20 expression is detected in the mature DCs (which presente
significant NF-κB activation) derived from acute rejecting liver
allografts, but few A20 is detected in the immature DCs (which
present few NF-κB activation) derived from nonrejecting liver
allografts. Given A20 is itself a NF-κB - dependent gene and
is part of a negative regulatory loop critical for modulation of
cell activation[37, 38], together with NF-κB which may play a
key role in the maturation of DCs derived from liver allografts
undergoing acute rejection, it is suggested that A20 expression
in these mature DCs derived from liver allografts undergoing
acute rejection survives to inhibit NF-κB activation and to limit
maturation of these DCs, and as a consequence to limit the
graft rejection.
In summary, we demonstrate for the first time an association
between NF-κB activation and expression of the protective
gene A20 and maturation of DCs derived from liver allografts
undergoing acute rejection. NF-κB binding activity and A20
expression in these mature DCs are strongly up-regulated in
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response to acute rejection. NF-κB may play a key role in the
maturation of DCs derived from allogeneic liver grafts
undergoing acute rejection, and A20 expression in these mature
DCs derived from liver allografts undergoing acute rejection
survives to inhibit NF-κB activation and to limit maturation
of these DCs.
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Abstract
AIM: To evaluate the roles and mechanisms of celecoxib in
inducing proliferation inhibition and apoptosis of human
cholangiocarcinoma cell lines.
METHODS: Cyclooxygenase-2-overexpressing human
cholangiocarcinoma cell line QBC939 and cyclooxygenase2-deficient human cholangiocarcinoma cell line SK-CHA-1
were used in the present study. The anti-proliferative effect
was measured by methabenzthiazuron (MTT) assay;
apoptosis was determined by transferase-mediated dUTP
nick end labeling (TUNEL) detection and transmission
electron microscopy (TEM). Cell cycle was analyzed by flow
cytometry (FCM). The PGE2 levels in the supernatant of
cultured cholangiocarcinoma cells were quantitated by
enzyme-linked immunoabsordent assay (ELISA).
RESULTS: Celecoxib suppressed the production of PGE2
and inhibited the growth of QBC939 cells. Celecoxib at 10,
20, and 40 µmol/L inhibited PGE 2 production by 26 %,
58 %, and 74 % in QBC939 cells. The PGE 2 level was
much lower constitutively in SK-CHA-1 cells (18.6±3.2)
compared with that in QBC939 (121.9±5.6) cells (P<0.01)
and celecoxib had no significant influence on PGE2 level in
the SK-CHA-1 cells. The PGE2 concentration in SK-CHA-1
cells also reduced but not significantly after treatment with
celecoxib. The PGE2 concentration in SK-CHA-1 cells was
(16.5±2.9) ng/well, (14.8±3.4) ng/well, (13.2±2.0) ng/well
and (12.6±3.1) ng/well respectively, when pre-treated with
1 µmol/L, 10 µmol/L, 20 µmol/L and 40 µmol/L of celecoxib
for 48 h (P>0.05, vs control). The anti-proliferation effect of
celecoxib (20 µmol/L) on QBC939 cells was time-dependent,
it was noticeable on day 2 (OD490=0.23±0.04) and became
obvious on day 3 (OD490=0.31±0.07) to day 4 (OD490=
0.25±0.06), and the OD490 in the control group (day 1)
was 0.12±0.03 (P<0.01, vs control). The anti-proliferation
effect of celecoxib could be abolished by the addition of
200 pg/mL PGE2. The proliferation of SK-CHA-1 cells was
inhibited slightly by celecoxib, the cell density OD490 in
the presence of celecoxib and in control group was 0.31±0.
04 and 0.42±0.03 respectively on day 2 (P>0.05), 0.58±0.
07 and 0.67±0.09 respectively on day 3 (P>0.05), and 0.71±0.
08 and 0.78±0.06 respectively on day 4 (P>0.05). Celecoxib
induced proliferation inhibition and apoptosis by G1-S cell
cycle arrest: the percentage of QBC939 cells in G0-G1 phase
after treatment with 40 µmol/L (74.66±6.21) and 20 µmol/
L (68.63±4.36) celecoxib increased significantly compared

with control cells (54.41±5.12, P<0.01). The percentage
of SK-CHA-1 cells in G0-G1 phase after treatment with various
concentrations of celecoxib didn’t change significantly
compared with control cells. The TUNEL index was much
higher in QBC939 cells treated with 20 µmol/L celecoxib
for 2 d (0.063±0.018) and for 4 d (0.102±0.037) compared
with control cells (0.017±0.004, P<0.01).
CONCLUSION: The current in vitro study indicates that
inhibition of proliferation and induction of apoptosis in human
cholangiocarcinoma cells by cyclooxygenase-2 specific
inhibitor celecoxib may involve in COX-dependent mechanisms
and PGE2 pathway. Celecoxib as a chemopreventive and
chemotherapeutic agent might be effective primarily on COX2-expressing cholangiocarcinoma.
Wu GS, Zou SQ, Liu ZR, Tang ZH, Wang JH. Celecoxib inhibits
proliferation and induces apoptosis via prostaglandin E2 pathway
in human cholangiocarcinoma cell lines. World J Gastroenterol
2003; 9(6): 1302-1306
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INTRODUCTION
Prostaglandins (PGs) are important in the proliferation of
various types of cancer cells[1-13]. PGs are synthesized by two
isoforms of cyclooxygenase (COX) enzymes, COX-1 and
COX-2, each of which displays distinct physiological profile.
Inducible isozyme COX-2 has been shown to be important in
carcinogenesis [14-26] . PGE 2 is the major metabolite of
arachidonic acid in many human cells[27,28]. The selective COX2 inhibitors are currently being evaluated for their effectiveness
as chemopreventive and chemotherapeutic agents [29-32].
However, the effects of specific inhibitor of COX-2 on the
proliferation of human carcinoma cells remain to be
investigated. There are many controversies on whether or not
these effects are mediated predominantly through the inhibition
of COX-2 activity and prostaglandin synthesis[33]. Our previous
studies have demonstrated that overexpression of COX-2 may
play a crucial role in the carcinogenesis and development of
extra-hepatic cholangiocarcinoma. In this study we aimed to
explore the effects and mechanism of celecoxib and the role
of PGE2 in inducing proliferation inhibition and apoptosis of
COX-2 overexpressing human cholangiocarcinoma cell line
QBC939 and COX-2-deficient human cholangiocarcinoma cell
line SK-CHA-1.
MATERIALS AND METHODS
Materials
Human extra-hepatic cholangiocarcinoma cells SK-CHA-1
were a gift from Professor A. Knuth (Frankfurt, Germany)[35];
and human cholangiocarcinoma cell line QBC939 was
established by Professor Wang SG in the Third Military
Medical University, China, and was offered to us as a gift[34].
Both cells were maintained as mono-layers in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10 %
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fetal bovine serum (FBS, Gibco. USA.), 100 units/ml penicillin
and 100 mg/ml streptomycin in a humidified atmosphere of
95 % air and 5 % CO2 at 37 . They were subcultivated every 35 d and given fresh medium every other day. Cholangiocarcinoma
cells at 70-80 % subconfluent were employed in all
experiments. PGE2 ELISA detection kit was purchased from
Jingmei Biotech Co., Wuhan, China. TUNEL kit was purchased
from Boster Co., Wuhan, China. PGE2 was purchased from
Sigma, USA. Celecoxib was synthesized by Dr. Mei ZN
(Wuhan University, China) and given to us as a gift[36]. Stock
solution was prepared in dimethylsulfoxide (DMSO) and stored
at -20 . In all experiments DMSO final concentration in the
medium was 0.1 %.

Methods
MTT assay The human cholangiocarcinoma cells QBC939
and SK-CHA-1 proliferation status were determined by MTT
assay. Cholangiocarcinoma cells were seeded at a density of
1×104 cells per well in flat-bottomed 96-well microplates. 12
h after incubation, cells were treated with celecoxib (40, 20,
10, or 0 µmol/L respectively). In some experiments 200 pg/
mL PGE2 was added to cells prior to addition of celecoxib.
After 1, 2, 3, or 4 days’ incubation, 20 µl MTT (5 g/L) was
added to each well and incubated for 4 h. Supernatant was
then removed and 150 µl DMSO was added. It was shaken for
5 min until the crystal was dissolved. OD490nm value was
measured by an enzyme-linked immunoabsorbent assay reader.
The negative control well had no cells and was used as zero
point of absorbance. Each well was read three times in triplicate.
TUNEL Preparation of specimens: cholangiocarcinoma cells
QBC939 were subcultured on coverslips in 6-well culture
plates. After 12 h, cells were treated with 20 µmol/L celecoxib.
Every day medium and celecoxib were changed. After 2 and 4
d the coverslips were taken out and fixed with 4 % fresh
polyformaldehyde in PBS (pH 7.4-7.6) for 30 min at room
temperature. Cell apoptosis was measured by TUNEL method
according to the instruction of the kit. Cells were washed with
PBS for 2 min, 3 times, followed by washing with distilled
water for 2 min, 3 times. Cells were soaked in fresh 3 % H2O2
for 10 min, and then rinsed with distilled water for 2 min, 3
times. Cells were digested with proteinase K (diluted 1:100
by TBS) for 5 min at 37 , and were rinsed with distilled
water for 2 min, 3 times. Labelling buffer (20 µl/sample) was
added to keep the slides wet. TDT and DIG-d-UTP (1 µl each)
were mixed in 18 µl labelling buffer. The redundant liquid
was removed and labelling reagent (20 µl/sample) was added.
The slides were put in a humidified box and incubated for 2 h
at 37 . The slides were washed with TBS for 2 min, 3 times.
Blocking solution (50 µl /sample) was added to the slides for
30 min at room temperature. The blocking solution was removed
from the slides. The biotin-DIG antibody was diluted with a
blocking solution at a ratio of 1:100, and 50 µl/sample of it was
added to the slides. The slides were kept in a humidified box,
incubated at 37
for 30 min, and followed by washing with
TBS for 5 min, 3 times. SABC was diluted to 1:100 with TBS
and added to the slides. They were incubated at 37
for 30
min and washed with TBS for 5 min, 3 times. BCIP/NBT was
diluted to 1:20 with TBS, and added to the slides. They were
incubated at 37 for 10-30 min. The reaction was monitored
under microscope: when purplish red was developed, the slides
were washed with distilled water. After being stained with
nuclear fast red, the slides were sealed with glycerite.
Substitution of PBS for TUNEL staining solution was used as
negative control. Three hundred cells were counted, and the
TUNEL index was expressed as the number of positive cells/
the total number of cells.
ELISA The PGE2 levels in the supernatant of cultured human
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cholangiocarcinoma cells QBC939 and SK-CHA-1 were
quantitated by ELISA. Cells were seeded into 4.0×105/well
microplates and allowed to adhere overnight. The cells were
then incubated in the presence or absence of celecoxib for 24
h. The supernatants were aspirated and centrifuged to prepare
for the detection of PGE2. Supernatant (0.5 ml) was added
into 1 N HCl (0.1 ml) and centrifuged for 10 min at room
temperature, then 1.2 N NaOH (0.1 ml) was used to neutralize
the acidified samples. Standard solution (200 µl per well) or
activated samples were added into the microplates. Then the
steps for ELISA were performed as instructed. The value of
OD of each well was measured at 450nm. The supernatants
were harvested in triplicates and the experiment was
performed twice.
FCM Human cholangiocarcinoma cells QBC939 and SK-CHA1 were trypsinized and plated in 6-well culture dishes in the
presence of celecoxib (40, 20, 10, 0 µmol/L respectively). After
48 h, cells were harvested, centrifuged at low speed and fixed in
70 % ethanol. After overnight incubation at 4 , cells were
stained with 50 µg/ml propidium iodide in the presence of RNAse
A (10 µg/ml) and 0.1 % Triton X-100 and measured with a flow
cytometer. The experiments were repeated three times.
TEM After treatment with celecoxib for 3 d
cholangiocarcinoma cells QBC939 were digested by 0.25 %
trypsin and collected. Cells were rinsed with PBS and fixed
with 3 % glutaraldehyde for 30 min. After routine embedding
and sectioning, cells were examined under electron microscope.

Statistical analysis
Data were expressed as mean ± standard deviation. Student’s
t-test was used for statistical analysis. P<0.05 indicates
significant difference.
RESULTS
PGE2 production
The concentration of PGE2 in culture medium of each cell line
treated with or without celecoxib is shown in Figure 1.
Celecoxib at 10 µmol/L inhibited PGE2 production in QBC939
cells by 26 %. With 20 µmol/L and 40 µmol/L of celecoxib,
PGE2 production was further inhibited by 58 % and 74 %,
which were statistically significant (P<0.01, vs control). The
PGE2 level was much lower constitutively in SK-CHA-1 cells
(18.6±3.2) compared with that in QBC939 (121.9±5.6) cells
(t test, P<0.01). The PGE2 concentration in SK-CHA-1 cells
was also reduced, but not significantly after treatment with
celecoxib. The PGE2 concentration in SK-CHA-1 cells was
(16.5±2.9) ng/well, (14.8±3.4) ng/well, (13.2±2.0) ng/well and
(12.6±3.1) ng/well respectively, when pre-treated with 1 µmol/
L, 10 µmol/L, 20 µmol/L and 40 µmol/L of celecoxib for 48 h
(P>0.05, vs control).
Celecoxib inhibition on cholangiocarcinoma cells growth
QBC939 and SK-CHA-1 cells were incubated in the presence
or absence of celecoxib (20 µmol/L) and the cell density OD490
was measured. As shown in Figure 2, proliferation inhibition
of QBC939 by celecoxib was time-dependent: it was noticeable
on day 2 (OD490=0.23±0.04) and became obvious on day 3
(OD490=0.31±0.07) to day 4 (OD490=0.25±0.06), and the
OD490 in the control group (day 1) was 0.12±0.03 (P<0.01,
vs control). The proliferation of SK-CHA-1 cells was inhibited
slightly by celecoxib, but the effect was not statistically
significant (Figure 3). The cell density OD490 in the presence
of celecoxib and in control group was 0.31±0.04 and 0.42±0.
03 respectively on day 2 (P>0.05), 0.58±0.07 and 0.67±0.09
respectively on day 3 (P>0.05), and 0.71±0.08 and 0.78±0.06
respectively on day 4 (P>0.05).
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Figure 1 ELISA for PGE2 detection using supernatants from
QBC939 and SK-CHA-1 cells pre-treated with celecoxib at various concentrations for 48 h. Celecoxib at 10 µmol/L inhibited
PGE2 production in QBC939 cells by 26 %. With 20 µmol/L
and 40 µmol/L of celecoxib, PGE2 production was further inhibited by 58 % and 74 %, which were statistically significant (dP<0.01, vs control). The PGE2 level was much lower constitutively in SK-CHA-1 cells (18.6±3.2) compared with that in
QBC939 (121.9±5.6) cells (t test, bP<0.01). The PGE2 concentration in SK-CHA-1 cells was also reduced, but not significantly
after treatment with celecoxib. The PGE2 concentration in
SK-CHA-1 cells was (16.5±2.9) ng/well, (14.8±3.4) ng/well,
(13.2±2.0) ng/well and (12.6±3.1) ng/well respectively, when
pre-treated with 1 µmol/L, 10 µmol/L, 20 µmol/L and 40
µmol/L of celecoxib for 48 h (P>0.05, vs control).

Celecoxib induces G1-S cell cycle arrest
Cell cycle analysis by flow cytometry showed that the percentage
of QBC939 cells in G0-G1 phase after treatment with 40 µmol/L
(74.66±6.21) and 20 µmol/L (68.63±4.36) increased
significantly compared with control cells (54.41±5.12, P<0.01,
Figure 4). The percentage of SK-CHA-1 cells in G0-G1 phase
after treatment with various concentrations of celecoxib did not
change significantly compared with control cells.
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The TUNEL index of QBC939 cells treated with 20 µmol/L
celecoxib for 2 d (0.063±0.018) and 4 d (0.102±0.037) was much
higher compared with control cells (0.017±0.004, P<0.01).
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Figure 4 Cell cycle analysis. Representative flow cytometry
data from QBC939 cells after 48 h in the presence of various
concentration of celecoxib: 0 µmol/L (A), 10 µmol/L (B), 20
µmol/L (C) and 40 µmol/L (D). The percentage of QBC939 cells
in G0-G1 phase after treatment with 40 µmol/L (74.66±6.21) and
20 µmol/L (68.63±4.36) of celecoxib increased significantly compared with control cells (t test, P<0.01).
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Figure 2 Growth curves of QBC939 cells in the presence of
celecoxib, celecoxib + PGE2 and control group. Proliferation
inhibition of QBC939 by celecoxib (20 µmol/L) was timedependent: it was noticeable on day 2 and became significant
on day 3 to 4 (bP<0.01, vs control). The anti-proliferation effect of celecoxib on QBC939 cells was abolished by pre-added
PGE2 (200 pg/mL).
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PGE2 abolished the anti-proliferation effect of celecoxib on
QBC939 cells
To investigate whether the anti-proliferation effect of celecoxib
on QBC939 cells was due to suppression of PGE2 production
by QBC939 cells, 200 pg/mL PGE2 was added to QBC939
cells prior to the addition of celecoxib, and MTT assay was
performed (Figure 2). The anti-proliferation effect of celecoxib
on QBC939 cells was abolished by PGE2. However, addition
of 200 pg/mL PGE 2 had no significant influence on the
proliferation of SK-CHA-1 cells when pre-treated with 20
µmol/L celecoxib (Figure 3).
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Figure 3 Growth curves of SK-CHA-1 cells in the presence
of celecoxib, celecoxib + PGE2 and control group. The proliferation of SK-CHA-1 cells was inhibited slightly by
celecoxib, the cell density OD490 in the presence of celecoxib
and in control group was 0.31±0.04 and 0.42±0.03 respectively
on day 2 (P>0.05), 0.58±0.07 and 0.67±0.09 respectively on
day 3 (P>0.05), and 0.71±0.08 and 0.78±0.06 respectively on
day 4 (P>0.05).

Electron micrography of apoptosis of cholangiocarcinoma
cells
QBC939 cells were treated for 3 d with 20 µmol/L of celecoxib.
The chromatin became condensed and attached to the inner
surface of nuclear membrane.
DISCUSSION
A substantial body of evidence indicates that COX and PGs
are important in carcinogenesis. COX catalyzes the synthesis
of PGs from arachidonic acid. Several PGs, most notably PGE2,
can promote tumorigenesis by stimulating angiogenesis,
inhibiting immune surveillance[37-40], modulating several signal
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transduction pathways[41-44]. Several studies have demonstrated
that COX-2 selective inhibitor celecoxib has significant
efficacy in animal cancer models: celecoxib inhibited intestinal
tumor multiplicity by up to 71 % compared with controls in
the Min mouse model and inhibited colorectal tumor burden
in the rat azoxymethane (AOM) model[45-48]. Recently celecoxib
has been approved by FDA to reduce the number of
adenomatous colorectal polyps in patients with familial
adenomatous polyposis (FAP). However, the exact
mechanisms that account for the anti-proliferative effects of
celecoxib are still not fully understood. It is still controversial
that whether or not these effects are mediated predominantly
through the inhibition of COX-2 activity and prostaglandin
synthesis. Several studies have shown both COX-dependent
and COX-independent mechanisms are involved in nonsteroidal anti-inflammatory drug (NSAIDs) induced growth
in human colorectal tumor cells[49].
Our previous studies have demonstrated that overexpression
of COX-2 may play a crucial role in the carcinogenesis and
development of extra-hepatic cholangiocarcinoma. In the
present study we found the PGE 2 level was much lower
constitutively in COX-2-deficient human cholangiocarcinoma
cell line SK-CHA-1 cells than that in COX-2 overexpressing
human cholangiocarcinoma cell line QBC939. In this study
we have shown that the proliferation of QBC939 cells was
inhibited by celecoxib in a time- and dose-dependent manner.
Our study also showed celecoxib had no significant influence
on the SK-CHA-1 cells. These findings indicate that COX-2
inhibitor might be an effective anti-proliferative agent,
especially against cancer cells that express COX-2 and produce
high-level PGE 2. Our data demonstrated that celecoxib
suppressed the production of PGE2 in QBC939 cells, and the
anti-proliferative effect of celecoxib could be abolished by
addition of PGE2. These results suggest that COX-2 might play
a central role in production of PGE2 and the specific inhibition
of COX-2 inhibits proliferation and induces apoptosis of
QBC939 cells via suppression of PGE2 production. Our data
also indicate that celecoxib inhibits proliferation and induces
apoptosis of human cholangiocarcinoma QBC939 cells by an
accumulation of cells in the G0/G1 phase and the inhibition of
G0/G1 phase transition to S phase.
In summary, our results in the present study demonstrate
that inhibition of proliferation and induction of apoptosis by
celecoxib in human cholangiocarcinoma cells may involve in
COX-dependent mechanisms and PGE2 pathway and these
findings also suggest that celecoxib, as a chemopreventive and
chemotherapeutic agent may be effective primarily on COX2-expressing cholangiocarcinoma.
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Abstract
AIM: To investigate the effects of melatonin (MT) on the
expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) in rat models of colitis.
METHODS: Healthy adult Sprague-Dawlay (SD) rats of
both sexes, weighing 280±30 g, were employed in the
present study. The rat models of colitis were induced by
either acetic acid or 2,4,6-trinitrobenzene sulfonic acid
(TNBS) enemas. The experimental animals were randomly
divided into melatonin treatment and model control group
that were intracolicly treated daily with melatonin at doses
of 2.5, 5.0, 10.0 mg·kg -1 and equal amount of saline
respectively from 24 h following induction of colitis in rats
inflicted with acetic acid enema and the seventh day in
rats with TNBS to the end of study. A normal control group
of rats treated with neither acetic acid nor TNBS but saline
enema was also included in the study. On the 28th day of
the experiment, the rat colon mucosal damage index
(CDMI) was calculated, and the colonic prostaglandin E2
(PGE2), nitric oxide (NO), as well as the iNOS and COX-2
expression were also determined biochemically or
immunohistochemically.
RESULTS: CDMI increased to 2.87±0.64 and 3.12±1.12
respectively in rats treated with acetic acid and TNBS enema,
which was in accordance with the significantly elevated
colonic NO and PGE2 contents, as well as the up-regulated
colonic iNOS and COX-2 expression in both of the two rat
models of colitis. With treatment by melatonin at the doses
of 5.0 and 10.0 mg·kg-1, CDMI in both models of rat colitis
was significantly decreased (P<0.05-0.01), which accorded
synchronously and unanimously with the reduced colonic
NO and PGE 2 content, as well as the down-regulated
expression of colonic iNOS and COX-2.
CONCLUSION: Melatonin has a protective effect on colonic
injury induced by both acetic acid and TNBS enemas, which
is probably via a mechanism of local inhibition of iNOS and
COX-2 expression in colonic mucosa.
Dong WG, Mei Q, Yu JP, Xu JM, Xiang L, Xu Y. Effects of
melatonin on the expression of iNOS and COX-2 in rat models
of colitis. World J Gastroenterol 2003; 9(6): 1307-1311

http://www.wjgnet.com/1007-9327/9/1307.asp

INTRODUCTION
Inflammatory bowel disease (IBD) consists of a group of
illnesses with chronic inflammation of the gastrointestinal
tract, which causes life-impairing symptoms, necessitates
long-term dependence on powerful drugs, and often results
in debilitating surgery and even death. Although the etiology
remains unclear, IBD appears to result from a dysregulated
immune response. In recent years, plenty of studies have
shown that nitric oxide (NO) and prostaglandin (PG) as the
main inflammatory mediators take part in the pathogenesis
of inflammatory bowel disease, with enhanced expression
of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) in the morbid colonic mucosa[1,2].
Meanwhile, it has been noted melatonin (MT) normally
produced mainly in the gastrointestinal tract besides the
pineal gland bears a number of beneficial properties
i n cl u d in g a n t i - o x i d a ti o n , a n t i- i n f la m m a ti o n a n d
immunoregulation [3-15], and could alleviate colonic injury
caused by both dextran sulfate sodium[16] and dinitrobenzene
sulfonic acid [17] in rats. It is reasonable to extrapolate that
the protective roles of melatonin might be related to its effect
on the expression of iNOS and COX-2 in local tissue. We
therefore performed the present study in an attempt to
confirm this hypothesis.
MATERIALS AND METHODS
Animals
Healthy adult Sprague-Dawlay (SD) rats of both sexes,
weighing 280±30 g, were employed in the study. They were
purchased from the Experimental Animal Center, Anhui
Medical University, housed in a temperature conditioned
room (22-24 ) with a 12 h light-dark cycle, allowed access
to standard rat chow and water ad libium, and acclimatized to
the surroundings for one week prior to the experiments. The
study protocol was in accordance with the guideline for animal
research and was approved by the Ethical and Research
Committee of the hospital.
Reagents
Melatonin, TNBS, and N-1-naphthylenediamine
hydrochloride came from Sigma Corp. Acetic acid was
purchased from Bangbu Chemical Corp. PGE2 assay kit was
from Radio-immunity Institute of PLA General Hospital.
Immunohistochemical assay kits for iNOS and COX-2 were
provided by Beijing Zhongshan Reagent Corp. Other
reagents used in the present study were all with a quality of
analytical grade.
Experimental protocol
Rat model of colitis induced with either acetic acid or TNBS
enema was described in the literature [18, 19]. According to
different treatment regimens, the experimental animals were
randomly divided into melatonin treatment and model
control group that were intracolicly treated under anesthesia
with melatonin at doses of 2.5, 5.0, 10.0 mg·kg-1 and equal
amount of saline respectively and daily (8:00 am) from 24
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h following induction of colitis in rats inflicted with acetic
acid enema and the seventh day in rats after TNBS treatment
to the end of the experiment. A normal control group of
rats treated with neither acetic acid nor TNBS but saline
enema was also included in the study. On the 28 th day of
the experiment, the animals were killed and the colon
mucosal damage index (CDMI) was evaluated with the
methods reported elsewhere[19, 20]. At the same time, colon
tissue prostaglandin E 2 (PGE 2) and nitric oxide (NO), as
well as the expression of iNOS and COX-2 were determined
biochemically or immunohistochemically.

Determination of NO and PGE2
Colonic specimen was prepared to a concentration of 20 g·L-1
by adding dehydrated alcohol-saline (1:4), and then
centrifuged at 4 000 g for 30 min, 4 . Two milliliters of the
supernatant were added into 0.1 ml of HCL (0.1 mol·L-1) and
further adjusted pH to 3.5 by 0.05 mol·L-1 of NaOH. After
mixed with ethyl acetate 5 ml for 2 min, they were centrifuged
at 1 500 g for 15 min. Repeat the procedures above and the
sample solution was evaporated to dryness by N2 and stored
at -20
until analysis. The samples was dissolved to 1 ml
of phosphate buffered saline, from which 0.1 ml of specimen
was taken to perform the PGE2 measurement following the
manufacturer’s instruction of the assay kit[21]. The colonic
tissue NO was detected as described in the literature[22].
Immunohistochemistry detection
The expression of iNOS and COX-2 in colon tissue was
exhibited immunohistochemically as reported before[23], in
which the employed first polyclonal antibody was 1:80 rabbitanti-rat-iNOS and 1:50 goat-anti-rat-COX-2, and the second
antibody was biotinylation goat-anti-rabbit IgG and
biotinylation rabbit-anti-goat IgG respectively. The iNOS or
COX-2 negatively expressed cells were manifested as bluestained nuclei and the positive cell was with brown-yellow
cytoplasma or nuclear membrane. The expression of target
protein was further semiquantitated according to the
percentage of positively-stained cells, in which positive
cells appeared less than 5 %, from 6 % to 30 %, from 31 %
to 70 % and morn than 71 % were scored as 0, 1, 2 and 3
respectively.
Statistical analysis
Experimental results were analyzed by ANOVA and t-tests
for multiple comparisons between groups. Data were finally
expressed as mean ± standard error of the mean. P value less
than 0.05 was considered statistically significant.
RESULTS
Protective effects of melatonin on rat colonic lesion
Pronounced pathological changes of colonic mucosa similar
to that in human IBD were observed in rats with colitis
induced by both acetic acid and TNBS enema, which were in
accordance with the colon mucosal damage index that was
significantly increased in these experimental animals
compared with normal controls (P<0.01). Local treatment
with different doses of melatonin by enema could effectively
reduce the severity of gut injury and the CMDI was
significantly decreased in a dose dependent manner in rats
treated by melatonin compared with that in model control
animals (P<0.05-0.01, Table 1).
Effects of MT on NO content and iNOS expression
In normal controls, colonic iNOS expression was mainly
observed on histocytes, neutrophils and smooth muscle
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cells with a sparse distribution in epithelial cells. The NO
content and the expression of iNOS in colonic tissue were
synchronously and significantly increased in rats inflicted
with both acetic acid and TNBS enema compared with that
of the normal controls (P<0.01), which were significantly
inhibited by different doses of melatonin employed in the
present study (P< 0.05-0.01 vs. Model control, Table 2, 3,
Figure 1).
Table 1 Effects of MT on CMDI in rats with experimental
colitis (x±s, n=8)
Group

CMDI

Doses (mg · kg-1)

Acetic acid

TNBS

Normal control

0.0±0.0

0.0±0.0

Model control

2.87±0.64a

3.12±1.12a

Melatonin

2.5

2.12±0.83b

2.33±0.51

Melatonin

5.0

1.75±0.88c

1.66±0.81b

Melatonin

10.0

1.12±0.35c

1.75±0.88b

P<0.01 vs. Normal control; b P<0.05, cP<0.01 vs. Model
control.

a

Table 2 Effects of MT on the colonic NO and PGE2 levels in
rats with experimental colitis (x±s, n=8)
Group

Doses
(mg·kg-1)

NO (µmol·g-1 tissue)
Acetic acid

PGE2 (ng·g-1 tissue)

Normal control

0.174±0.044

Model control

0.327±0.090

TNBS
0.287±0.069
b

0.533±0.068

b

Acetic acid

TNBS

43.1±32.1

43.1±32.1

184.5±96.3

b

181.3±51.7 b

Melatonin

2.5

0.230±0.017d

0.403±0.042d

89.1±59.1c

109.0±33.3d

Melatonin

5.0

0.218±0.018d

0.380±0.029d

76.4±23.6c

89.8±37.7d

Melatonin

10.0

0.189±0.029

0.340±0.019

57.1±23.2

85.9±39.2d

d

d

d

P<0.05, bP<0.01, vs. normal control; cP<0.05, dP<0.01 vs. model
control.
a

Effects of melatonin on PGE2 content and COX-2 expression
Compared with normal group, the content of PGE2 and the
expression of COX-2 in rat colitis, the number of positive
granules and the degree of staining were enhanced significantly.
The content of PGE2 was decreased after different doses of
melatonin were given by enema. The expression of COX-2
was inhibited by melatonin, which proved that melatonin
decreased the synthesis of PGE2 and it might be related with
inhibition of the expression of COX-2 (Figure 2, Table 2, 3).
Table 3 Effects of MT on the colonic expression of iNOS
and COX-2 semi-quantitated in rats with experimental colitis
(x±s, n=6)
Group

Doses
(mg·kg-1)

iNOS
Acetic acid

Normal control

0.3±0.5

Model control

COX-2
TNBS
0.3±0.5

2.2±0.9

b

2.3±0.8

1.5±0.5

Melatonin

2.5

1.3±0.5

c

Melatonin

5.0

0.5±0.5

d

Melatonin

10.0

0.3±0.5d

b

Acetic acid

TNBS

0.2±0.4

0.2±0.4

1.8±0.9

b

2.2±0.9b

1.2±0.4

1.7±0.8

1.2±0.8

1.0±0.6

1.3±0.8

0.7±0.8d

0.5±0.5 c

0.8±0.8c

c
c

a
P<0.05, bP<0.01 vs. Normal control; cP<0.05, dP<0.01 vs. Model
control.
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Figure 1 Abnormal expression of iNOS in colonic tissue of rats with cloitis induced by both acetic acid and TNBS enemas and its
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improvement by melatonin. A. Immunohistochemical localization of iNOS in normal control, which was manifested as fine brown
granules distributed mainly in the cytoplasm of histocytes, neutrophils and smooth muscle cells. B. Positively stained granules for
iNOS were significantly increased in both number and intensity in colonic tissue of model control rats. (a) Acetic acid treated rats;
(b) TNBS treated rats. C. The colonic iNOS expression was significantly reduced in both acetic acid (a) and TNBS (b) treated rats
after intervened with 10.0 mg·kg-1 of melatonin.
Figure 2 Abnormal expression of COX-2 in colonic tissue of rats with colitis induced by acetic acid or TNBS enema and its
improvement by melatonin, which was in accordance with the observation in clonic iNOS expression. A. Positively stained COX2 granules in colonic tissue of normal control rats. B. iNOS expression was significantly increased as manifested by the augmented
and intensified positively stained granules in colonic tissue of model control rats. (a) Acetic acid treated rats; (b) TNBS treated rats.
C. The colonic COX-2 expression was significantly reduced in both acetic acid (a) and TNBS (b) treated rats after intervened with
10.0 mg·kg-1 of melatonin.

DISCUSSION
Although the etiology of IBD remains unclear, dysregulated
immune response has been widely accepted as a possible
mechanism in the pathogenesis of inflammatory bowel disease.
Numerous reports have revealed that certain local bioactive
agents including NO and PGE2 are involved in colonic injury
by various inducers[1, 2]. Meddleton and other authors[24, 25] found
NO concentration was rather higher in ulcerative colitis patients
with obviously strengthened iNOS activity. As an important
inflammatory mediator, NO could react with superoxide anion
to form more poisonous nitrite anion, which then disturbs the
function of inflammatory cells and further impairs the colonic
mucosa[26, 27]. PGE2, another major local inflammatory mediator
that might come from activated eosinophils and monocytes[28],
is also considered as a marker of colitis. In the two rat models
of colitis respectively induced by acetic acid and TNBS in the
present study, the mucosal NO and PGE2 contents in the morbid
colon were significantly increased with enhanced expression
of iNOS and COX-2, which was in accordance with the
previous reports.
Melatonin, a major hormone produced in pineal gland, was
also found in recent years to be secreted for a certain amount
from gastrointestinal tract and played an important role in the
adjustment of gastrointestinal function[7-14]. As a potent antioxidant agent that could clear oxygen-derived free radicals,
inhibit the activation of NF-κB and reduce inflammatory
response, melatonin has been widely used to treat inflammatory
bowel diseases[29, 30]. Pentney and his coworker[16] have shown
melatonin could reduce the severity of dextran-induced colitis
in mice. Protective effects of melatonin on dinitrobenzene
sulfonic acid induced colitis have been proved by Cuzzocrea
and his colleagues[17]. In the present investigation, melatonin
was demonstrated to reduce colonic lesions induced by acetic
acid and TNBS enemas, which combined with the reports
above, suggested that the protective effect of melatonin on the
induced colitis might be universal. The present study also
revealed the improvement of colonic lesions by melatonin
accorded synchronously and unanimously with the decrease
of colonic NO and PGE2 content, as well as the down-regulated
expression of colonic iNOS and COX-2, which indicates the
improvement is probably via a mechanism of local inhibition
of iNOS and COX-2 expression in the colonic mucosa. Further
studies are needed to explore other mechanisms involved in
the protection of colonic mucosa by melatonin.
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Abstract
AIM: Previous studies showed that exogenous basic
fibroblast growth factor (bFGF or FGF-2) could improve
physiological dysfunction after intestinal ischemia/
reperfusion (I/R) injury. However, the mechanisms of this
protective effect of bFGF are still unclear. The present
study was to detect the effect of bFGF on the activities of
mitogen-activated protein kinase (MAPK) signaling
pathway in rat intestine after I/R injury, and to investigate
the protective mechanisms of bFGF on intestinal ischemia
injury.
METHODS: Rat intestinal I/R injury was produced by
clamping the superior mesenteric artery (SMA) for 45
minutes and followed by reperfusion for 48 hours. Seventyeight Wistar rats were used and divided randomly into
sham-operated group (A), normal saline control group (B),
bFGF antibody pre-treated group (C), and bFGF treated
group (D). In group A, SMA was separated without
occlusion. In groups B, C and D, SMA was separated and
occluded for 45 minutes, then, released for reperfusion for
48 hours. After the animals were sacrificed, blood and tissue
samples were taken from the intestine 45 minutes after
ischemia in group A and 2, 6, 24, and 48 hours after
reperfusion in the other groups. Phosphorylated forms of
p42/p44 MAPK, p38 MAPK and stress activated protein
kinase/C-Jun N-terminal kinase (SAPK/JNK) were measured
by immunohistochemistry. Plasma levels of D-lactate were
examined and histological changes were observed under
the light microscope.
RESULTS: Intestinal I/R injury induced the expression of
p42/p44 MAPK, p38 MAPK, and SAPK/JNK pathways and
exogenous bFGF stimulated the early activation of p42/
p44 MAPK and p38 MAPK pathways. The expression of
phosphorylated forms of p42/p44 MAPK was primarily
localized in the nuclei of crypt cells and in the cytoplasm
and nuclei of villus cells. The positive expression of p38
MAPK was localized mainly in the nuclei of crypt cells, very
few in villus cells. The activities of p42/p44 MAPK and p38

MAPK peaked 6 hours after reperfusion in groups B and C,
while SAPK/JNK peaked 24 hours after reperfusion. The
activities of p42/p44 MAPK and p38 MAPK peaked 2 hours
after reperfusion in group D and those of SAPK/JNK were
not changed in group B. D-lactate levels and HE staining
showed that the intestinal barrier was damaged severely 6
hours after reperfusion; however, histological structures
were much improved 48 hours after reperfusion in group
D than in the other groups.
CONCLUSION: The results indicate that intestinal I/R injury
stimulates the activities of MAPK pathways, and that p42/
p44 MAPK and p38MAPK activities are necessary for the
protective effect of exogenous bFGF on intestinal I/R injury.
The protective effect of bFGF on intestinal dysfunction may
be mediated by the early activation of p42/p44 MAPK and
p38 MAPK signaling pathways.
Fu XB, Yang YH, Sun TZ, Chen W, Li JY, Sheng ZY. Rapid
mitogen-activated protein kinase by basic fibroblast growth
factor in rat intestine after ischemia/reperfusion injury. World J
Gastroenterol 2003; 9(6): 1312-1317
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INTRODUCTION
Previous studies have shown that intestinal ischemia/reperfusion
(I/R) injury reduce the expression of endogenous basic fibroblast
growth factor (bFGF) in rats, and the intravenous administration
of exogenous bFGF could induce the expression of endogenous
bFGF and improve the physiological functions of the intestine,
lung, kidney, and other internal organs after I/R injury [1-6].
However, the protective mechanisms of bFGF on intestinal I/
R injury remain unknown.
Mitogen-activated protein kinase (MAPK) cascade, a
cytoplasmic protein kinase that requires dual phosphorylation
on specific threonine and tyrosine residues for their activation,
can transmit mitogen or differentiation signals from the cell
surface into the nucleus, thus regulating the gene expression[7-10].
P42/p44 MAPK, p38MAPK and stress activated protein kinase/
C-Jun N-terminal kinase (SAPK/JNK) are three important
members of the MAPK family. The purpose of the present
study was to detect the activities of mitogen-activated protein
kinase (MAPK) signaling pathway in rat intestine after
administration of bFGF, and to investigate the protective
mechanisms of bFGF on intestinal (I/R) injury.
Rat intestinal I/R injury was produced by clamping the
superior mesenteric artery (SMA) for 45 minutes and by
different durations of reperfusion[11]. The activities of p42/p44
MAPK, p38 MAPK, and SAPK/JNK were measured after
administration of bFGF or bFGF monoclonal antibody. The
results indicate that the early activation of p42/p44 MAPK
and p38 MAPK is necessary for the protective effect of bFGF
on intestinal I/R injury.
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MATERIALS AND METHODS
Animal model
Seventy-eight healthy Wistar rats weighing 220±20 g (Animal
Center, Academy of Military Medical Sciences, Beijing) were
used. All animals were housed in the laboratory and given free
access to food and water for 1 week before being used. The
animal was under anesthesia by 3 % sodium pentobarbital (40
mg/kg), a middle incision was made. The superior mesenteric
artery (SMA) was identified and freed by blunt dissection. A
microvascular clamp was placed at the root of SMA to cause
complete cessation of blood flow for 45 minutes, and thereafter
the clamp was loosened to form reperfusion injury[1, 11].After 2, 6,
24 and 48 hours reperfusion, the animals were sacrificed and blood
samples and intestinal tissue biopsies were taken. Blood samples
were centrifuged and serum was frozen to measure plasma Dlactate. Tissue biopsies were fixed with 4 % paraformaldehyde.
In this study, all operations were performed under aseptic
conditions. The animal experiments were approved by the local
animal management committee.
Experimental design
The animals were randomly divided into four groups: shamoperated (A), normal saline control (B), bFGF monoclonal
antibody (Sigma, St. Louis, MO, USA) pre-treated (C) and bFGF
(Sigma, St. Louis, MO, USA) treated groups (D). In group A,
SMA was freed but without occlusion and blood samples and
tissue biopsies were taken 45 minutes after exposure of the SMA.
In groups B and D, 0.15 ml saline or 0.15 ml saline plus bFGF
(2 µg/rat) was injected immediately 45 minutes after SMA
occlusion from the tail vein. In group C, 0.15 ml saline plus
bFGF monoclonal antibody (25 µg/rat) was injected right before
SMA occlusion from tail vein for pre-treatment.
Measurement of phosphorylated forms of p42/p44 MAPK, p38
MAPK and SAPK/JNK
Formalin-fixed, paraffin-embedded small intestinal tissues
were used to measure the expression of phosphorylated forms
of p42/p44 MAPK, p38 MAPK, and SAPK/JNK by
immunohistochemistry. Immunohistochemical staining was
performed according to the instructions of the PowerVisionTM
kit (Santa Cruze, USA). Briefly, sections (5 µm) were dewaxed
and rehydrated in graded alcohols. Endogenous peroxidase
activity was quenched, and antigen retrieval was performed by
heating for 20 minutes at 100 in 0.01 mol/L sodium citrate.
The primary monoclonal antibodies for p42/p44 MAPK, p38
MAPK and SAPK/JNK (Cell Signaling Technology, Inc., USA)
were diluted to 1:100 in buffer and incubated for 40 minutes
at 37 . The sections were then incubated with HRP-conjugated
secondary antibodies (Santa Cruz, USA) for 20 minutes at
37 . Positive expression was detected with diaminobenzidine
(DAB) (Sigma, St. Louis, MO, USA). The sections were lightly
counterstained with hematoxylin, dehydrated in graded alcohol,
and mounted. For negative control, the sections were processed
similarly but PBS was used as primary antibodies instead of the
MAPKs monoclonal antibodies.
The result of positive staining was semi-quantitatively
defined as -, +, ++ and +++. This was observed under microscope
with 10 times eyepiece and 40 times objective. “-” represents
no visible positive staining, “+” less than 10 stained cells and
“++” 10-30 stained cells, while “+++” represents more than 30
positively stained cells within one high power field.
Measurement of plasma D-lactate
The levels of plasma D-lactate were measured with modified
Brandt’s method[12]. Briefly, heparinized blood was centrifuged
at 3 200 rpm for 10 min and 2 ml of the plasma was
deproteinized with 0.2 ml perchloric acid (PCA) (1/10 vol),
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mixed and kept in an ice bath for 10 min. The denatured protein
solution was centrifuged at 3 200 rpm for 10 min and the
supernatant solution was removed. To 1.4 ml of supernatant
solution, 0.12 ml KON was added and they were mixed for 20
s. Precipitant KClO4 was removed by centrifugation at 3 200
rpm for 10 min. The supernatant solution and neutralizedprotein-free plasma were used to measure the absorbency at 340
nm. Plasma D-lactate concentration was expressed as mmol/L.

Histological observation
Paraformaldehyde fixed, paraffin embedded small intestine
samples were also cut 5 µm in thickness, deparaffinized in
xylene, rehydrated in graded ethanol, and then stained with
haematoxylin-eosin (HE) for histological observation under
light microscope (Olympus, Japan).
Statistical analysis
Data were expressed as mean ± standard error. Comparisons
between groups of data were analyzed by Student’s t-test. P
values <0.05 were considered statistically significant.
RESULTS
Activities of p42/p44 MAPK and p38 MAPK
Quantitative immunohistochemical results for phosphorylated
forms of p42/p44 MAPK and p38 MAPK were evaluated
(Tables 1 and 2). The expression of activated p42/p44 MAPK
was localized in the cytoplasm and nuclei of villus cells and in
the nuclei of crypt cells, mainly in the epithelium and villus
cells (Figure 1). Activated p38 MAPK was localized primarily
in the nuclei of crypt cells, very few in villus cells (Figure 2).
There was a consistent correlation between positive expression
levels and the intensity of p42/p44 MAPK and p38 MAPK.
The positive expression of p42/p44 MAPK and p38 MAPK
was weak in the sham-operated intestinal tissues and ischemic
tissues. However, the number of positive staining cells
increased with high staining intensity after reperfusion injury.
In the normal saline and bFGF antibody pre-treated groups,
the number of positive staining cells of p42/p44 MAPK
(Figures 1B and C) and p38 MAPK (Figures 2B and C)
increased 2 hours after reperfusion, peaked at 6th hours, and
decreased from 24 to 48 hours. In the bFGF treated group,
however, the number of positive staining cells and the intensity
of p42/p44 MAPK and p38 MAPK peaked 2 hours after
reperfusion (Figures 1D and 2D) and decreased afterwards,
but they were still higher than those in the sham-operated
control at 48 hours. Compared with the normal saline and bFGF
treated groups, the intensity of p42/p44 MAPK and p38 MAPK
positive staining in the bFGF antibody pretreated group was
weaker from 2 hours to 48 hours after reperfusion.
Activities of SAPK/JNK
Weak staining of SAPK/JNK was observed in small intestine
after I/R injury. Positive staining was localized in the nuclei
and cytoplasm of villus and crypt cells. The staining, however,
was weak without much difference among the groups (Table
3). The positive staining of SAPK/JNK in bFGF treated group
was slightly higher only at 24 hours after reperfusion. Among
all the groups, the positive staining of SAPK/JNK was weaker
than that of p42/p44 MAPK and p38 MAPK.
Changes of plasma D-lacate levels
Plasma D-lactate levels were measured 2, 6, 24, and 48 hours
after reperfusion in all groups. They were elevated 2 hours after
reperfusion in all groups, peaked at 6th hour, and decreased to
nearly normal 48 hours later (Table 4). The levels at 45 min
after ischemia in the sham-operated group were served as controls.
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after reperfusion. The activated p42/p44 MAPK expression
was localized in the cytoplasm and nuclei of villus cells and in
the nuclei of crypt cells, mainly in the epithelium and villus
cells. The number of positive cells in this group was more
than that in the bFGF antibody pre-treated group. ISH×400.

A

A

B

B

C

C

D

Figure 1 Immunohistochemical staining of phosphorylated
p42/p44 MAPK in intestinal biopsies in rats after ischemia/
reperfusion injury (SP×200). A: Negative control of p42/p44
MAPK staining. There was no positive expression signal in
this group. B: The expression of phosphorylated p42/p44 in
intestinal biopsies in the saline control group 2 hours after
reperfusion. The activated p42/p44 MAPK expression was
localized in the cytoplasm and nuclei of villus cells and in the
nuclei of crypt cells, mainly in the epithelium and villus cells.
C: Phosphorylated p42/p44 staining in the bFGF antibody pretreated group. The number of positive cells and intensity in
this group were weaker compared with those in the saline
control and bFGF treated groups. D: The expression of
phosphorylated p42/p44 in the bFGF treated group 2 hours

D
Figure 2 Immunohistochemical staining of phosphorylated
p38 MAPK in intestinal biopsies in rats after ischemia/
reperfusion injury (SP×200). A: Negative control of p38
MAPK staining. There was no positive expression signal in
this group. B: Phosphorylated p38 MAPK staining in the saline
control group 2 hours after reperfusion. Few p38 MAPK
positive expression were localized in the cytoplasm and nuclei
of villus cells and in the nuclei of crypt cells, mainly in the
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Table 1 Semi-quantitative results of immunohistochemical staining for phosphorylated forms of p42/p44 MAPK in different
groups
Groups

Pre-injury

2 hrs post-injury

6 hrs post-injury

24 hrs post-injury

48 hrs post-injury

Group B

-

++

++

+

++

Group C

-

+

++

+

+

Group D

-

+++

+++

+

+

“-” represents no visible positive staining, “+” less than 10 stained cells and “++” 10-30 stained cells, while “+++” represents more
than 30 positively stained cells within one high power field.
Table 2 Semi-quantitative results of immunohistochemical staining for phosphorylated forms of p38 MAPK in different
groups
Groups

Pre-injury

2 hrs post-injury

6 hrs post-injury

24 hrs post-injury

48 hrs post-injury

Group B

-

++

++

+

++

Group C

-

+

++

+

+

Group D

-

+++

++

+

+

“-” represents no visible positive staining, “+” less than 10 stained cells and “++” 10-30 stained cells, while “+++” represents more
than 30 positively stained cells within one high power field.
Table 3 Semi-quantitative results of immunohistochemical staining for phosphorylated forms of SAPK/JNK in different
groups
Groups

Pre-injury

2 hrs post-injury

6 hrs post-injury

24 hrs post-injury

48 hrs post-injury

Group B

-

+

+

++

+

Group C

-

+

+

+

+

Group D

-

+

+

++

+

“-” represents no visible positive staining, “+” less than 10 stained cells and “++” 10-30 stained cells, while “+++” represents more
than 30 positively stained cells within one high power field.
Table 4 The changes of plasma D-lactate levels at different time points in three groups (mmol/L) (x±s)
Groups
Group B
Group C
Group D
a

Animal numbers

Control

2 hours

6 hours

24
24
24

0.332±0.132
0.332±0.132
0.332±0.132

0.372±0.090
0.309±0.079
0.369±0.124

0.397±0.096
0.327±0.098
0.407±0.089

24 hours
0.463±0.147
0.415±0.177a
0.475±0.128

48 hours
0.511±0.179
0.425±0.208a
0.537±0.098

P<0.05 vs compared with control.

epithelium and villus cells. C: P38 MAPK staining in the bFGF
antibody pre-treated group. The number of positive cells and
localization of p38 MAPK positive cells were similar with those
in the saline group. D: Phosphorylated p38 staining in the bFGF
treated group 2 hours after reperfusion. Activated p38 MAPK
was localized primarily in the nuclei of crypt cells, few in villus
cells. The number of positive cells was more than that in the
saline control and bFGF antibody pre-treated groups. In the bFGF
treated group, the number of positive expression cells of p38
MAPK as well as its intensity peaked 2 hours after reperfusion.

Histological evaluation
Intestinal I/R injury resulted in the damage of intestinal barrier
and the increase of mucosal permeability. HE staining showed
partial loss of the mucosa 2 hours after reperfusion. 6 hours
after reperfusion, however, the damage of intestinal epithelial
cells, hemorrhage and necrosis were observed and
accompanied by inflammatory cell infiltration into the intestinal
wall. Histological structure of the intestinal mucosa was
markedly improved after administration of bFGF.

DISCUSSION
Intestinal I/R injury causes release of bacteria and toxin from
the gut into the host blood circulation and changes of
inflammatory factors, cytokines and growth factors,
resulting in damage to the intestinal barrier and other internal
organs [1-3,13-17]. We found that administration of exogenous
basic fibroblast growth factor (bFGF) could reduce the
intestinal injury caused by I/R insult. However, the mechanisms
of this protective effect of bFGF are not elucidated. BFGF is
expressed in many normal adult tissues and has mitogenic
activity in a wide variety of cells of mesenchymal, neuronal,
and epithelial origins, and regulates events in normal embryonic
development, angiogenesis, wound repair, and neoplasia[18-20].
Also, it can regulate migration and replication of intestinal
epithelial cells in culture[21]. Recent studies have shown that Lglutamine, tumor necrosis factor-α and epidermal growth factor
(EGF) stimulate proliferation of intestinal crypt cells by
activating the MAPK pathway, and that p42/p44 MAPK
activities are necessary for both cell cycle progression and
differentiation of the intestinal cells[22-25]. In many other cell
types, growth factor controls proliferation and differentiation
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via the MAPK pathway. MAPK is a common signal pathway
to transmit the mitogen or the differentiating signals from the
cell surface to the nucleus, and thus ultimately regulates
different gene expression[26-28]. Hence, we hypothesized that
MAPK activation might be involved in the regulation of bFGF
signals in the process of intestinal barrier repair.
To investigate this hypothesis, we evaluated changes of the
activated MAPK signal pathway after administration of bFGF
and bFGF antibodies. We found that intestinal I/R injury
stimulated the activities of phosphorylated forms of the p42/
p44 MAPK and p38MAPK pathways, and increased the SAPK/
JNK activity slightly. p42/p44 MAPK and p38MAPK activities
were increased 2 hours after reperfusion, and peaked at 6 hours.
At the same time, the levels of SAPK/JNK increased slightly
24 hours after reperfusion compared with those of the normal
control. Phosphorylated forms of p42/p44 MAPK were mainly
localized in the nuclei of crypt cells and in the cytoplasm and
nuclei of villus cells, whereas those of p38MAPK were
primarily localized in the nuclei of crypt cells, few in villus
cells. After administration of bFGF, the expression of both
p42/p44 MAPK and p38MAPK was quickly stimulated, and
the activation of both p42/p44 MAPK and p38MAPK peaked
2 hours after reperfusion, declined gradually to normal at 48
hours. A coherence was noted between the changes of p42/
p44 MAPK and p38MAPK and histological findings. These
results indicate that intestinal I/R injury induces the activities
of the MAPK pathways, and p42/p44 MAPK and p38MAPK
activities are necessary for the protective effects of exogenous
bFGF on intestinal I/R injury. The early stimulation of the p42/
p44 MAPK and p38MAPK signal pathways may mediate the
protective effects of bFGF on intestinal dysfunction.
MAPK family is composed of “extracellular signal
regulated” p42/p44 MAPK, “stress-regulated” MAPK (SRMAPKs), stress-activated protein kinases (SAPKs)/c-Jun Nterminal kinases (JNKs) and p38-MAPKs. On stimulation,
MAPKs are translated into the nucleus where they may
phosphorylate nuclear transcription factors and thus regulate
gene expression. The four principal differentiated cell lineages
of intestinal epithelium are derived from common multipotent
stem cells located near the base of each crypt. These crypt
stem cells divide to produce daughter stem cells as well as
more rapidly replicating transit cells, which in turn undergo 46 rapid cell divisions in the proliferative zone located in the
lower half of each crypt[29,30]. Factors determining whether cells
continue to proliferate, cease dividing, and begin to differentiate,
appear to operate during the first gap phase (G1) of the cell
cycle. P42/p44 is activated during G0 to G1 transition, and the
activity remains elevated up to S phase entry, implicating this
family of protein quinces in the control of G1 progression[31,32].
Activation of p42/p44 MAPK is also necessary for growth
factor-dependent proliferation of some cell lines.
We propose the possible mechanisms of the protective
effects of bFGF on intestinal I/R injury be involved in the
activation of MAPK pathway. First, to protect the survival of
intestinal stem cells within crypt and mediate the proliferation
and differentiation of these cells. Intestinal epithelium is
maintained by continuous and rapid replacement of
differentiated epithelial cells by replication of undifferentiated
epithelial cells. Exogenous bFGF markedly enhances the survival
of crypt stem cells before and after irradiation injury [33].
Microvascular endothelial apoptosis is the primary lesion
leading to stem cell dysfunction, while endothelial apoptosis
could be inhibited by intravenous bFGF[34]. Second, to regulate
the inflammation reactions after I/R injury. The TNF translation
by IL-10 is inhibited mainly by inhibiting the activation of the
p38 MAPK pathway[35]. This is necessary for maintenance of
immune homeostasis in the gut.
In the perfused heart, ischemia/reperfusion activates stress-
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regulated MAPKs, direct pharmacological activation of p38
triggers delayed preconditioning of the heart, and there is
minimal activation of the p42/p44 MAPK subfamily by heart
I/R injury[35-37]. Yet phosphorylation of p42/p44 MAPK occurs
consistently in the grey matter penumbra of brain tissue after
ischemic stroke, and may be associated with neuronal survival
and/or angiogenic activity in the recovering brain tissue[38].
The results indicate that the MAPK pathways respond
differently to ischemic injury in different sites.
The changes of serum D (-)-lactate were used as a predictor
of intestinal I/R injury in this study. D (-)-lactate is the
stereoisomer of mammalian L (+)-lactate. Mammalian tissue
does not produce D (-)-lactate and only slowly metabolizes it.
It is a strict product of bacterial fermentation. Since mammals
do not possess the enzyme systems to rapidly metabolize D (-)
-lactate[11, 39,40], the released D (-)-lactate will pass through the
gut barrier and liver in an unchanged form and appear in the
peripheral blood. As intestinal ischemia injury causes mucosal
injury and subsequent bacterial proliferation, D (-)-lactate is
released from gut into the circulation. In this study, the serum
D (-)-lactate level was increased after injury, but in the bFGF
treated group, it was not significantly increased as in the control
group, indicating that bFGF exerts a positive protective effect
on the mucosal barrier and decreases the intestinal permeability.
In summary, intestinal I/R injury induces the activities of
the MAPK pathways, and p42/p44 MAPK and p38MAPK
activities are necessary for the protective effect of exogenous
bFGF on intestinal I/R injury. The protective effect of bFGF on
intestinal dysfunction may be mediated by the early stimulation
of the p42/p44 MAPK and p38 MAPK signaling pathways.
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Abstract
AIM: To evaluate effects of nitric oxide (NO) and
peroxynitrite anion (ONOO-) on lung injury following intestinal
ischemia-reperfusion (IR) in rats.
METHODS: A rat model of intestinal ischemia was made
by clamping superior mesenteric artery and lung injury was
resulted from reperfusion. The animals were randomly
divided into 3 groups: sham operation (Sham), 2 h ischemia
followed by 2 h reperfusion (IR) and IR pretreated with
aminoguanidine (AG) - an inhibitor of inducible NO synthase
(iNOS) 15 minutes before reperfusion (IR+AG). The lung
malondialdehyde (MDA) and nitrate/nitrite (NO2- /NO3-)
contents and morphological changes were examined.
Western blot was used to detect the iNOS protein expression.
Immunohistochemical staining was used to determine the
change of nitrotyrosine (NT)- a specific “footprint” of ONOO-.
RESULTS: The morphology revealed evidence for lung
edema, hemorrhage and polymorphonuclear sequestration
after intestinal IR. Compared with sham group, lung contents
of MDA and NO2-/NO3- in IR group were significantly increased
(12.00±2.18 vs 23.44±1.25 and 76.39±6.08 vs 140.40±4.34,
P<0.01) and the positive signals of iNOS and NT were also
increased in the lung. Compared with IR group, the contents
of MDA and NO2-/NO3- in IR+AG group were significantly
decreased (23.44±1.25 vs 14.66±1.66 and 140.40±4.34 vs
80.00±8.56, P<0.01) and NT staining was also decreased.

in organs uninvolved in the initial ischemic insult[1]. Multiple
organ dysfunction syndrome (MODS), as it is known, is the
leading cause of death in critically ill patients and is a
documented consequence of gut reperfusion [2-5]. Although
systemic inflammatory characteristic of MODS can result in
damage to any organ, onset of the syndrome is usually heralded
by the development of respiratory insufficiency [2-9]. The
pathophysiology of lung injury associated with intestinal
ischemia-reperfusion (IIR) probably involves a variety of
inflammatory and vasoactive mediators. Recently, the
production of large amounts of nitric oxide (NO), a free radical
produced by the inducible isoform of NO synthase (iNOS)
has been implicated as a cytotoxic factor in a variety of
pathophysiological processes, including various forms of
inflammation and circulatory shock[10-14]. The cytotoxic effects
of NO are in part, mediated by peroxynitrite anion (ONOO-),
a reactive oxidant species formed from NO and superoxide at
an almost diffusion-controlled rate[15-18]. The production of
ONOO- has been demonstrated in various lung injury[19-21].
However, no evidence exists about its change and role in the
lung injury following IIR. The major aim of the present study,
therefore, was to determine the change and role of iNOS and
peroxynitrite in lung injury induced by IIR.

MATERIALS AND METHODS
Animal model[22]
Male healthy Sprague-Dawley rats (250-300 g) were
anesthetized with intraperitoneal administration of sodium
pentobarbital (40 mg·kg-1) and secured in a supine position on
after being shaved.
a heated restraining board at 37
Following midline laparotomy, a microvascular clip was placed
across the superior mesenteric artery (SMA) for 120 minutes.
Removal of the clip allowed reperfusion for120 minutes. This
degree of IIR is consistently associated with intestinal, hepatic
and pulmonary injury with a 12-hour mortality rate of 100 %.
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Experimental protocols
To determine the effect of iNOS induction on the peroxynitrite
formation and the lung injury, aminoguanidine (AG), an
inhibitor of iNOS[23], was used. The rats were randomly divided
into 3 groups (n=8 in each): Sham, IR and IR+AG. The surgical
sham group underwent full surgical preparation including
isolation of the SMA without occlusion. After that they were
followed for the same aggregate period of time. The IR group
received 2 h of ischemia and 2 h of reperfusion. The IR + AG
group was given AG (10 mg·kg-1 intravenously, Sigma, USA)
15 min before reperfusion. The animals in IR group and sham
group were treated with equal volume of the vehicle (normal
saline solution, NS; 1 ml·kg-1). All animals were killed by
exsanguination at designated time. Both lungs were harvested
immediately for the following detection.

INTRODUCTION
A devastating consequence of tissue reperfusion is the damage

Lung histology
The right middle lung lobe was harvested and fixed in 10 %
formalin. After embedded in paraffin, sections of 8 µm were
stained with hematoxylin and eosin for light microscopy.

CONCLUSION: Intestinal IR increases NO and ONOOproduction in the lung, which may be involved in intestinal
IR-mediated lung injury.
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Assessments of lung malondialdehyde (MDA) content
The right base of lung was harvested and immediately
homogenized on ice in 9 volumes saline. The homogenates
were centrifuged at 4 000 r·min-1 at 4 for 10 min. The MDA
content in the supernatants was measured using MDA assay
kit (Nanjing Jiancheng Corp. China).
Lung nitrite/nitrate (NO2- /NO3-) detection
NO2-/NO3- production, an indicator of NO synthesis, was
measured in the lung homogenate with a NO assay kit (Nanjing
Jiancheng Corp. China) following the manufacturer’s
instruction.

Western blotting analysis for iNOS
The left lung was homogenized with PBS (pH 7.2) and
centrifuged at 4 , 18 000 r·min-1 for 10 min. After precipitated
unsolubilized fraction was discarded, the protein concentration
in the supernatant was determined by Coomassie blue dyebinding assay (Nanjing Jiancheng Corp. China). Aliquots (30
µg) of protein from each sample were electrophoresed on a
120 g·L-1 SDS-polyacrylamide gel for 4 hour at 100V. The
protein samples were transferred onto a nitrocellulose
membrane (Amersham, USA). The membrane was then probed
with polyclonal rabbit anti-rat iNOS antibody (1:50 dilution,
Santa Cruz Co., USA) for 2 hours at 37 . After 3 washes
with TPBS, blots were visualized with the use of an amplified
HRP kit (Wuhan Boshide, China). The presence of iNOS was
indicated by the development of brown color.
Immunohistochemical analysis of NT
Tyrosine nitration, a specific “footprint” of peroxynitrite
f o r m a t i o n [16], w a s d e t e c t e d i n t h e l e f t l u n g b y
immunohistochemical technique. The left lung was harvested
and fixed in 10 % formalin. Sections of 8 µm thickness of lung
tissue were treated with 0.3 % H2O2 in methanol to block
endogenous peroxide activity. Immunohistochemical staining
was performed using rabbit polyclonal antibody against NT
(1:50 dilution, Cayman Chemical, USA) by indirect
streptavidin/peroxidase technique (SP kit, Zymed Co., USA).
Experiments were performed following the manufacturer’s
instruction. Paraffin-embedded sections were incubated with
after
polyclonal anti-rat NT antibody for 12 hours at 4
antigen retrieval. Biotinylated IgG was added as second
antibody. Horseradish peroxidase labeled streptomycin-avidin
complex was used to detect second antibody. Slides were
stained with diaminnobenzidine, and examined under light
microscope. The brown or dark brown stained cytoplasm was
considered as positive.
Statistical analysis
Values were expressed as mean ±SD (x±s). Statistical analyses
were performed using paired Student’s t test. P<0.05 was
considered significant.
RESULTS
Pathological alternations of lung tissue
The histological structure of alveolar and mesenchymal cells
was normal in the lungs of sham group, while the lung tissues
from the IR group were significantly damaged, with pulmonary
edema, hemorrhage and inflammatory cell infiltration.
Administrating AG before reperfusion could attenuate
significantly the lung injury as showed by light microscope
(Figure 1).
Change of MDA content
The lung MDA content was increased significantly in IR group
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when compared with the sham control (P<0.05). Compared
with the IR group, the MDA content was decreased markedly
in IR +AG group (P<0.05) (Table 1).
Table 1 Changes of MDA and NO-2/NO-3 contents in lung
tissue after IIR with pretreatment of AG in rats (x±s, n=8)
Groups

MDA (nmol.ml-1)

Sham
IR
IR+AG

12.00±2.18
23.44±1.25a
14.66±1.66c

a

NO-2/NO-3 (umol.L-1)
76.39±6.08
140.40±4.34a
80.00±8.56c

P<0.05 vs Sham group. cP<0.05 vs IR group.

A

B

C

Figure 1 Light microscopic observation on the lung after IIR
with pretreatment of AG in rats (HE×400). A. The normal lung
tissue structure was found in sham group. B. Lung edema,
hemorrhage and inflammatory cells sequestration were found
in the IR group. C. Decreased morphological changes induced
by the intestinal IR were found in the IR+AG group.

Change of nitrite/nitrate
Compared with the sham group, the lung content of nitrite/
nitrate in IR group was increased significantly (P<0.05).
Compared with the IR group, the content of nitrite/nitrate in
IR+AG group was decreased significantly (P<0.05) (Table 1).
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Change of iNOS expression
Western blotting showed that weak positive signal was found
in the lung in sham group. In contrast, marked increase of iNOS
protein expression was found in the IR group. There was still
notable positive signal in the IR+AG group (Figure 2).

1

2

3

Figure 2 Western blotting analysis of iNOS in rat lung after
IIR with pretreatment of AG in rats. 1. Sham; 2. IR; 3. IR+AG.

Change of NT formation
The formation of peroxynitrite in the lung sections was
demonstrated by immunohistochemical staining with
monoclonal anti-NT antibodies. In the sham group, no brown
deposits were present in lung sections. In contrast, very strong
staining was observed in lung tissue sections from the IR group.
Compared with the IR group, the immunostaining for NT in
the IR+AG group decreased significantly, indicating that
inhibition of iNOS activity and decrease of NO production
could reduce the peroxynitrite formation (Figure 3).

A

B

C
Figure 3 Immunohistochemical analysis of NT in the lung after IIR with pretreatment of AG in rats. SP stain ×400. A. No
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positive signal was found in the lung in sham group. B. Intense positive NT staining was found in the IR group. C. Positive NT staining decreased in the IR+AG group.

DISCUSSION
The lung is one of the very important target organs in multiple
organ dysfunction syndrome (MODS) or multiple system organ
failure (MOSF) caused by severe injury[1-9]. It has been found
that in addition to the direct trauma, the lung could also be
damaged by indirect injury such as gut, liver and skeletal
muscle reperfusion, as well as aortic occulation-reperfusion
and circulatory shock[1-9]. The present results showed that 2 h
of intestinal ischemia followed by 2 h of reperfusion induced
lung injury, manifested as the histological evidence of lung
edema, hemorrhage and PMN infiltration. Moreover, the IIR
mediated lung injury was oxygen-dependent, as indicated by
the increase in the levels of MDA, an established marker of
oxidative stress.
The mechanism of respiratory failure after intestinal I/R is
complex and poorly understood. Under the condition of an
inadequate mucosal blood flow, the gut barrier function can
be progressively impaired and invaded by bacteria or
endogenous endotoxin[24-26]. This process is associated with
activation of systemic inflammatory mediators including
bacteriotoxin, inflammatory mediators, such as tumor necrosis
factor (TNF) and interleukin (IL) and immunocytokines[26-31].
In addition, several recent observations implicate that NO may
be an important participant in the pulmonary response to
IIR[32]. It has been suggested that nitric oxide (NO), produced
from endothelial constitutive nitric oxide synthase (ecNOS),
may be an important protective molecule at the onset of the IR
of the small bowel. In this regard, inhibitors of endogenous
NO production greatly exacerbate the increase in epithelial
permeability and cardiovascular dysfunction in the reperfused
post-ischemia intestine[32-34], while administration of NO donors
prevents the early rise in epithelial permeability and tissue
dysfunction[35,36]. Excess NO production has been attributed to
a second NOS (induced NOS, iNOS) that is not present under
normal condition but can be induced in response to systemic
inflammatory states, including IR. The induction of iNOS has
been implicated in the pathogenesis of IIR and it was reported
that inhibition of iNOS activity and nitric oxide production
could attenuate the intestinal ischemia/reperfusion injury[37-40].
In the present experiment, we studied the contribution of iNOS
to the IIR-induced lung injury. The results demonstrated that
2 h of intestinal ischemia followed by 2 h of reperfusion upregulated significantly the lung iNOS expression, accompanied
by the elevation of pulmonary nitrate/nitrite (stable metabolites
of NO) level. This is consistent with the findings of Virlos IT,
et al[34] who demonstrated that pulmonary iNOS activity in
rats subjected to IIR was significantly increased. The effect of
increased iNOS expression on IIR-induced lung injury was
indirectly assessed by administration of AG, a selective
inhibitor of iNOS. The results that in vivo treatment with AG
reduced markedly the nitrate/nitrite levels and the lung injury
demonstrated that the induction of iNOS and the excessive
NO production in the lung following intestinal IR involved in
the IIR-induced lung injury.
Though the cytotoxic actions of the excessive NO production
may be involved in several potential mechanisms, recent studies
suggested that peroxynitrite, may be a key mediator for
cytotoxicity of excess NO generation and is involved in many
pathological processes[15-18]. The cytotoxic processes triggered
by peroxynitrite include initiation of lipid peroxidation,
inhibition of mitochondrial respiration, inhibition of membrane
pumps, depletion of glutathione, and damage to DNA with
subsequent activation of poly (ADP-ribose) synthetase and
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concomitant cellular energy depletion[19-21, 41, 42]. Peroxynitrite
is now generally considered an oxidant more toxic than either
NO or superoxide anion alone. Furthermore, it has been shown
that a major product of the reaction of peroxynitrite with protein
is the addition of a nitro group in the ortho position of tyrosine
to form NT which could be detected by antibodies specific to
protein NT[16]. The present results of immunohistochemical
staining with monoclonal anti-NT antibodies demonstrated that
peroxynitrite formation occurred in the reperfusion phase of
ischemic intestine. The results also suggested that the formation
of peroxynitrite was correlated with iNOS expression and
involved in the IIR-induced lung injury, because inhibiting
iNOS activity with AG reduced significantly the NT
immunoreactivity and attenuated the IIR-induced lung injury.
The cytotoxic actions of iNOS-NO and peroxynitrite may be
associated with their damages to the endothelial barrier, their
oxidant to the membrane lipid and the triggering of the PMN
sequestration in the lung, manifested as the detection of lung
MDA content and the observation of the lung pathological
changes.
In summary, the present results demonstrate that the systemic
inflammatory response and lung injury occur following IIR
with an increase of NO, iNOS expression and the formation of
peroxynitrite in the lung. Inhibition of iNOS prevented the
lung injury and the formation of NT, suggesting that excessive
NO production and peroxynitrite formation are cytotoxic to
the cell and tissue and are involved in the secondary lung injury
induced by the IIR. These results may partially explain the
mechanism of MOF and suggest that inhibiting peroxynitrite
may be a novel pharmacological approach to prevent cell injury
and MOF.
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Abstract
AIM: To evaluate the effects of n-3 fatty acids (n-3FA),
fructose-1,6-diphosphate (FDP) and glutamine (GLN) on
mucosal cell proliferation and apoptosis of small bowel graft.
METHODS: One hundred and ninety-six inbred strain Wistar
rats were grouped as donors and recipients, and underwent
heterotopic small bowel transplantation (SBT). n-3FA, FDP
and GLN were administered via gastric tube as well as venous
infusion for 10 days before and after surgery, respectively.
The proliferation and apoptosis of mucosal cells were analyzed
with flow cytometry and in situ cell death detection kits.
RESULTS: Apparent apoptosis and minor proliferation of
mucosal cells of small bowel graft after transplantation were
observed. A higher mucosal cell proliferative index and lower
apoptotic index were found in all small bowel grafts after
supplying with n-3FA, FDP and GLN.
CONCLUSION: Nutritional support with n-3FA, FDP and
GLN promotes mucosal cell proliferation significantly, and
prevents mucosal cell from undergoing apoptosis with
different degrees. These regulatory effects on the apoptosis
alter the structure and absorption function of transplanted
small bowel favorably.
Wu XT, Li JS, Zhao XF, Li N, Ma YK, Zhuang W, Zhou Y, Yang
G. Effects of n-3 fatty acid, fructose-1,6-diphosphate and
glutamine on mucosal cell proliferation and apoptosis of small
bowel graft after transplantation in rats. World J Gastroenterol
2003; 9(6): 1323-1326

http://www.wjgnet.com/1007-9327/9/1323.asp

INTRODUCTION
The atrophy and malabsorption of transplanted small intestine
are the main obstacles to small bowel transplantation (SBT).
The effects of n-3 fatty acids (n-3FA), fructose-1, 6diphosphate (FDP) and glutamine (GLN) on mucosal cell

proliferation and apoptosis of small bowel graft were evaluated.
The mechanisms of mucosal atrophy and malabsorption of
small bowel graft were studied at cellular and molecular levels.

MATERIALS AND METHODS
Animals
One hundred and ninety-six inbred male Wistar rats (180-310
g) purchased from Shanghai Animal Center of Chinese Academy
of Medical Scienees were housed in laminar-flow cabinets under
specific pathogen-free (SPF) condition. All studies on rats were
conducted in accordance with the “Guideline for the Care and
Use of Laboratory Animals” by National Institute of Health.
The protocol approved by Shanghai Medical Experimental
Animal Care Committee was followed during study. The rats
were divided into 5 groups with 10 rats in each group. Group
(1) was treated with non-essential amino acids. Group (2) was
treated with FDP, group (3) with n-3FA, group (4) with GLN
and group (5) with n-3FA+FDP+GLN. A modified heterotopic
SBT was utilized[1]. End to side anastomosis between graft
abdominal aorta and recipient abdominal aorta was performed.
The left kidney of recipient was resected. The portal vein of
graft was anastomosed to the left renal vein of the recipient.
Fistulizations of the distal and proximal ends of graft were
performed through left abdominal wall.
Administration of special nutrition
In group (3) and (5), n-3FA (Sigma Company, USA), 1 mL·d-1,
was given via gastric tube to both donor and recipient 10 days
before and after operation, respectively. All animals received
TPN. The dosage of FDP was 1 g·kg-1·d-1 (Foscama Company,
Italy). The nutritional solution in group (4) contained 2 % GLN
(Ajinomoto company, Japan). L-alanine, glycine, L-proline
and L-serine were applied to the nutritional solution of group
(1), (2) and (3). The nitrogen and calorie in the nutritional
solution were equal in each group.
Specimen collection
Prior to transplantation, 5 cm of jejunum distal to the treitz
ligament of graft was resected as baseline samples. Ten days
postoperative TPN support, 5 cm of proximal jejunum of the
graft in the recipient was resected for examination.
Preparation of specimen
Flow cytometry The mucosae of the specimen were scissored
into tiny pieces in saline and filtered to get cell suspension.
The nucleus was stained by hypotonic propidium iodide at
over night.
4
TdT-mediated X-dUTP nick end labeling (TUNEL method)
The specimen was sectioned in 3 µm-thick and dehydrated
through 70-90 % ethanol in series. After digestion with
proteinase K (20 µg·mL-1), the work solution of TUNEL was
added. The reaction was terminated with ddH2O. The positive
nucleus was stained with brownish yellow. Ten fields were
selected randomly from each section under light microscope.
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Two thousand mucosal cells were examined from each
section. The apoptotic index (AI) was calculated with the
formula: AI = (number of positive cells/total number of cells
examined)×100 %.

Flow cytometry analysis
Epics XL flow cytometer (Coulter Company, USA) was used
in the analysis. The proportions of cells in stage G1, S and G2
were calculated in 10 000 cells examined. The proliferative
index (PI) indicating the proliferation of mucosal cells was
calculated using the formula: PI =[(S+G2)/(G1+S+G2)]×100 %.
Statistical analysis
Newman-Keuls’s q test and Student’s t test were used. The
statistical analysis software package stata 5.0 was used for the
tests, and P<0.05 was considered statistically significant.
RESULTS
Flow cytometry
All the data from flow cytometry study are showed in Table 1.
Table 1 Changes of proliferation of graft mucosal cells in each
group ten days before and after SBT and TPN (x±s)
Group Stage of
cell cycle
(1)

(2)

(3)

(4)

(5)

a

Before SBT
and TPN (%)

After SBT
and TPN (%)

P

G1

94.73±2.33

94.08±2.15

0.7440

G2

0.38±0.31

1.38±1.44

0.3296

S

4.88±2.42

4.55±0.92

0.8480

PI

5.25±2.29

5.85±2.26

0.7682

G1

96.22±2.96b

86.14±4.08b

0.0011b

G2

0.88±1.20

3.06±1.12

0.0140a

a

S

2.90±1.78b

10.78±3.06b

0.0007b

PI

3.78±2.96b

13.84±4.05b

0.0011b

G1

90.94±4.37b

83.12±2.59b

0.0069b

G2

1.96±1.12

a

3.86±0.96

a

0.0497a

S

7.10±3.98

a

13.02±3.39

a

0.0211a

PI

9.06±4.39

b

16.88±2.59

b

0.0071b

G1

95.52±1.57

b

81.03±4.98

b

0.0002b

G2

0.63±0.60

b

5.93±1.62

b

0.0016b

S

4.02±1.57

b

13.52±4.70

b

0.0011b

PI

4.65±1.48

b

18.97±5.01

b

0.0002b

G1

90.48±3.21b

80.52±0.95b

0.0053b

G2

2.52±2.06

5.02±1.43

0.0674

S

6.96±2.96a

14.22±1.77

PI

9.48±3.24

19.24±0.94

b

0.0148a
b

0.0057b

P<0.05, bP<0.01 vs before SBT.

G1 stage No change of the proportion of graft mucosal cells
in G1 stage in group (1) was observed after transplantation.
Most cells remained at G1 stage. However, the proportions of
graft mucosal cells in G 1 stage in the rest groups after
transplantation decreased significantly.
G2 stage Changes of proportion of graft mucosal cells in G2
stage of group (1) and (5) after transplantation were not
obvious. The proportions of graft mucosal cells in G2 stage in
the rest groups increased with great statistical significance.
S stage Following transplantation the change of proportion
of graft mucosal cells in S stage was increased significantly in
all groups except group (1).
PI Compared with the baseline before transplantation, the PI
of graft mucosal cells changed significantly in all groups except
group (1).
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Apoptosis in situ
Group (1) After SBT, the number of graft mucosal cells with
apoptosis was increased. The AI was increased significantly
after transplantation (Table 2). The AI in group (1) was
significantly higher than those in other groups.
Group (2) The AI of graft mucosal cells increased after SBT
and TPN with significant difference (Table 2). The AI in group
(2) was higher than those in other groups with significance.
Group (3) The AI of graft mucosal cells after transplantation
increased slightly without significance compared with baseline
(Table 2). The AI was similar among groups (3), (4) and (5)
without any significant difference.
Group (4) The AI of graft mucosal cells in group (4) was
similar to that in group (5), decreased slightly after SBT without
significant difference (Table 2).
Group (5) No change of the AI of graft mucosal cells was
observed after SBT (Table 2).
Table 2 Change of AI of graft mucosal cells in each group ten
days before and after SBT and TPN (x±s)
Group

Before SBT
and TPN (%)

After SBT
and TPN (%)

P

(1)

25.50±5.43b

40.50±3.24b

0.0041b

(2)

24.63±1.70

30.88±2.50

0.0447a

a

a

(3)

24.25±1.32

25.63±1.38

0.2141

(4)

25.00±2.68

23.63±0.85

0.4863

(5)

23.75±0.87

24.00±1.68

0.8130

a

P<0.05, bP<0.01 vs before SBT.

DISCUSSION
Rejection of graft will not occur in organ transplantation
between two individuals from same strain of inbred animals.
Thus, the effect of special nutrition on the transplanted small
intestine could be observed in our research without the
influence of transplant immunological factors.
Our results indicated that the proliferation of graft mucosal
cells after SBT in group (1) was obviously less active than that
before SBT. Most cells were rested in stage G1. The ratios of
cells in stage S over stage G2 decreased, which suggested that
DNA synthesis in graft mucosal cells after SBT reduced, and
that mucosal cells were at rest stage instead of active
proliferation. These changes in cytodynamics might be the
underling cause of cytopathy of graft with the characteritics
of atrophy and malabsorption.
Compared with the results of group (1), after SBT the
proliferation of graft mucosal cells in rest groups was more
active. The ratios of cells in stage S over stage G2 increased,
which suggested that n-3FA, FDP and GLN contributed to the
proliferation and repair of graft mucosal cells, and were helpful
in preventing atrophy and maintaining the normal structure
and function of intestinal mucus.
The number of apoptotic cells and AI of graft mucosal cells
in groups (1) and (2) after SBT and TPN increased significantly
compared with those before SBT and TPN. On the contrary,
those of groups (3), (4) and (5) did not change obviously. The
AI in groups (2), (3), (4) and (5) after SBT and TPN decreased
significantly in comparison with that in group (1). The result
suggested that n-3FA, FDP and GLN could inhibit the apoptosis
of graft mucus after SBT to a certain degree.
GLN might influence the graft in several ways, in which it
promotes the proliferation of graft mucosal cells and inhibits
the cell apoptosis. (1) GLN offers the energy and metabolic
substrate which are necessary to the proliferation of intestine
mucosal cells[2-15], including carbon chains for energy releasing
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(30 mol ATP/mol) and nitrogen for synthesis of amino acid,
protein and nuclear acid. (2) GLN also participates in the
synthesis of glutathione (GSH). Administration of exogenous
GLN will result in high level of GSH. It is indicated in some
experiments that GSH could antagonize the oxidation injury
to the biomembrane caused by oxygen-derived free radicals,
and improve the survival of cells[16-19]. (3) GLN may indirectly
stimulate the secretion of hormones which are beneficial to
the nutrition of intestine, and improve the hormone
environment of intestinal mucosal cells. This may help establish
normal physiological metabolism and the balanced
proliferation and apoptosis of intestinal mucosal cells[20]. (4)
The apoptosis of host cells could be induced by bacterial and
viral infections[21]. GLN may improve the structure and function
of the transplanted intestine and reduce bacterial translocation,
which could prevent infection and reduce apoptosis[22-32].
It is not clear why FDP could promote proliferation of
mucosal cells of intestinal graft and inhibit apoptosis. The
possible reasons might include: (1) As a kind of potent energy
substrate, FDP can offer plenty of ATP quickly whether it is
on normal or stress occasion, such as ischemia or anoxia[33,34].
So, FDP can meet the energy need of proliferation of intestinal
mucosal cells with quick metabolism. (2) As a promoter of
energy synthesis, FDP may activate pyruvate kinase and
phosphofructokinase on stress occasion, such as ischemia or
anoxia. These enzymes may promote the metabolism of
carbohydrate to offer adequate energy[33], which is helpful to
cell proliferation. The products of zymolysis could be
decomposed in the energy-producing process[35]. Thus tissue
damage caused by these products could be avoided and the
inducing factors of apoptosis were reduced. (3) FDP could
reduce the retention of intracellular calcium at stress, and inhibit
endogenous calcium dependent endonuclease which is
important to nuclear changes in apoptosis[36]. (4) The cell injuries
during ischemia/reperfusion and cold storage of graft are
associated with apoptosis[37-39]. FDP could inhibit the production
of toxic oxygen group by activated polymorphonuclear
leukocyte and scavange the hypoxanthine accumulated in the
tissues during ischemia and reperfusion[40]. Thus, the apoptosis
caused by these factors could be reduced[41].
The mechanism of n-3FA in improving the proliferation of
mucosal cell of intestinal graft and inhibiting apoptosis is not
clear. It may involve the following factors: (1) As a kind of
energy substrate, n-3FA could offer energy for the proliferation
of mucosal cells. (2) n-3FA could be esterified into phospholipid
and neutral lipid which are essential to neogenetic mucosal
cells as important component of structure membrane[42-45]. (3)
n-3FA could inhibit the production of IL-1α, IL-1β and TNF
secreted by monocytes. It is indicated that IL-1β and TNF can
promote apoptosis[46]. (4) Apoptosis might be one of the ways
of cell death in rejection after allogeneic transplantation[47,48].
As a kind of immunosuppressant[49-51], n-3FA could inhibit the
apoptosis of graft cells through immunosuppression.
In conclusion, special nutrition with n-3FA, FDP and GLN
after SBT can promote the proliferation of graft mucosal cells
and inhibit apoptosis. Our results may provide new ways to
treat intestinal atrophy and malabsorption after SBT.
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Abstract
AIM: To evaluate the protective effect and mechanism of
glutamine on the intestinal barrier function in total
parenteral nutrition (TPN) rats with trauma or endotoxemia.
METHODS: To perform prospective, randomized and
controlled animal experimentation of rats with surgical
trauma, TPN and endotoxemia, thirty-four male, adult
Sprague Dawley rats were divided into four groups: control
group (n=8), TPN group (n=9), trauma and endotoxemia
group (LPS, n=8) and trauma plus end otoxemia
supplemented with glutamine in TPN solution group (Gln.
group, n=9). All groups except the control group were
given TPN solutions in 7-day experimental period. For Gln
group, 1 000 mg/kg/d of glutamine was added to TPN
solution during day 1-6. On the 7 th day all the animals
were gavaged with lactulose (66 mg) and mannitol (50 mg)
in 2 ml of normal saline. Then 24 h urine with preservative
was collected and kept at -20 . On day 8, under intraperitoneal anesthesia using 100 mg/kg ketamin, the
intestine, liver, mesenteric lymph nodes and blood were
taken for examination.
RESULTS: The body weight of LPS group decreased most
among the four groups. The structure of small intestinal
mucosa in TPN group, LPS group and Gln group showed
impairments of different degrees, and the damage of small
intestinal mucosa in Gln group was remarkably alleviated.
The concentrations of interleukins in small intestine mucosa
were lower (for IL-4 and IL-6) or the lowest (IL-10) in Gln
group. The IgA level in the blood plasma and the mucosa
of Gln group was the highest among all of the groups. The
urine lactulose/mannitol test showed that the intestinal
permeability in LPS group was lower than that in TPN group
(P<0.001), but there was no difference between LPS group
and Gln group. The rate of bacterial translocation in Gln
group was lower than that in LPS group (P<0.02).
CONCLUSION: Prophylactic treatment with glutamine
could minimize the increments of intestinal permeability
and bacterial translocation caused by trauma and
endotoxemia in rats treated with TPN.
Ding LA, Li JS. Effects of glutamine on intestinal permeability
and bacterial translocation in TPN-rats with endotoxemia. World
J Gastroenterol 2003; 9(6): 1327-1332
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INTRODUCTION
Trauma, burn, infection, surgical operations and the use of
intravenous alimentation over a long period can damage the
barrier function of the intestine, leading to atrophy of the
intestinal mucosa, increase of mucosal permeability, decrease
of immunity, and occurrence of bacterial/endotoxin
translocation[1-5]. If the causes could not be removed or the
stress is too severe when the intestinal barrier is protected, the
damage of the intestinal mucosa would become more severe
and multiple organ dysfunction syndrome (MODS) would
ensue. These adverse outcomes are commonly seen clinically
and methods of their prevention need to be investigated.
Therefore we studied the mechanism of protective effect of
glutamine on the intestinal barrier function in TPN rats with
trauma and endotoxemia.
MATERIALS AND METHODS
Experimental animals and grouping
Adult, healthy male Sprague-Dawley rats, with body weight
of 150-180 g (supplied by Shanghai Experimental Animal
Center, the Chinese Academy of Sciences) were used. The
rats were fed for over a week in our lab for their adaptation
and then were put into metabolic cages for 5-7 days. The
temperature in the animal rooms was 17-21
with 60 %
humidity and illumination of 12 h/day (6:00-18:00). During
the adaptation period all rats were fed with regular rat chow
and tap water ad libitum. When the rat’s weight reached 200300 g, thirty-four rats were chosen randomly and divided into
four groups: 1. control group (n=8), fed rat chow and tap water
freely; 2. TPN group (n=9), infused with a whole nutrients
solution through a central venous catheter, and with drinking
water ad libitum; 3. LPS group (trauma + TPN + endotoxemia,
n=8), in which an exploratory laparotomy and central venous
catheterization served as the trauma. After this, TPN was their
sole nutrition source plus drinking water ad libitum. On the 7th
day 5 mg/kg of lipopolysaccharide (LPS) was injected
intraperitoneally; 4. Gln group, (trauma + TPN + endotoxemia
+ glutamine, n=9) in which all the treatments were the same as
LPS group but on days 2-6, 1 000 mg/kg/d glutamine
(Dipeptiven) was added to TPN solution. All groups except
the control one received isonitrogenous, isocaloric and
isovolumic TPN solution during the 7-day period. All the
protocols and procedures were approved by our University
Committee of Animal Experiment Administration.
Intravenous nutrients and other relevant chemicals
TPN ingredients 11.4 % compound amino acids injection
(Novamin), 20 % mid-long chain fat emulsion (Lipovenoes
MCT), Dipeptiven (alanyl-glutamine dipeptide solution),
multivitamin mixture (Soluvit, Vitalipid) and a trace element
mixture (Addamel), all from Sino-Sweden and Fresenius
Pharmaceutical Corp. LTD.
Chemicals and reagents Lipopolysaccharide (LPS, from E
Coli, 055: B5) was purchased from Sigma Co.; IL-4 from
Diaclone Co.of France; IL-6 and IL-10, from Biosource Co.,
USA; and IgA, from Bethyl Co.USA.
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Experimental model
Operation procedures Under anaesthesia of 100 mg/kg of
ketamin injected into the animals intraperitoneally, the TPN
model was constructed and a rotary transfusion apparatus was
used for TPN infusion[6,7]. For surgical trauma, the animal’s
abdomen after shaving and incision (4 cm in length) was
exposed and examined from the epigastrium to the pelvic
cavity. The incision was sutured in double layers with silk
suture No. 1 and operation was performed aseptically.
TPN solution The rats were put in the metabolic cages after
surgical recovery. Each rat received 230 cal/kg body wt of
calories and 1.42 g nitrogen/kg each day in 50 ml of TPN
solution. The ratio of glucose to lipid in this solution was 2:1,
and nonprotein calorie to nitrogen (kcal/g), 137:1.
Multivitamins, electrolytes, trace elements and 500 units of
heparin were also included in the TPN solution. All the nutrient
solutions were prepared under aseptic conditions daily and the
infusion was done with an injecting micropump continuously
and uniformly during 24 h each day. The TPN infusion was
started immediately after recovery from the laparotomy. On
the first and last days of the experiment, each rat was given
half of the total calories without any changes of other TPN
ingredients.
Inducing endotoxemia On the 7th day of the experiment, 5
mg/kg of LPS in 5 ml of sterile distilled water was injected
into the animals’ peritoneal cavity to cause a septic state.
Lactulose and mannitol solution gavage On the 7th day of
the experiment, 66 mg of lactulose and 50 mg of mannitol
dissolved in 2 ml of normal saline were gavaged. Twenty-four
hour urine was collected, with the volume recorded and 0.2
ml of mercury salicylosulfide added. Then 5 ml of the urine
specimen was stored at -20
until measured.
Samples preparation and measurements
Twenty-four hours after gavaging with lactulose and mannitol
and injecting endotoxin, 100 mg/kg of ketamine was injected
intraperitoneally as an anesthetic. After the laparotomy was
done, tissue and blood samples were collected and examinations
were performed.
Bacteriological test 0.5 ml of blood from the portal vein was
drawn for culture. One gram of anterior lobe liver tissue and
about 0.5 g mesenteric lymph nodes were excised. Each sample
was put in a tissue homogenizer and an equivalent amount of
normal saline was added before they were homogenized. The
specimens were sent to microbiological laboratory for aerobic
culture and bacterial identification by morphological and
biochemical examinations.
Bacterial culture (1) 10 µl homogenates of the lymph nodes
and liver homogenates were separately taken and put on blood
agar plates. Another 10 µl lymph nodes and liver homogenates
were mixed with 10 ml saline for a dilution and the diluted
samples were inoculated also on blood agar plates. (2) 0.5 ml of
portal vein blood was inoculated into 4.5 ml of common broth
for bacterial enrichment of 16 hours, then 20 µl of the enrichment
solution was inoculated on blood agar plates. (3) The cultured
media were put in a CO2 incubator at 35 for 24-48 hours. If
there was no bacterial growth, they would be regarded as
negative, but if there was growth, it would be further identified.
Identification of bacteria First, Gram stained smears were
made to determine whether they were coccus or bacillus and
G+ or G-. Second, biochemical and serological identifications
were made using standard and routine methods.
Preparation and examination of small intestine specimens
The whole small intestine below the Treitz ligament was excised
and immediately placed in icy 0.9 % saline. The intestine was
opened longitudinally and the contents of the intestine were
washed out with icy saline. Two cm of proximal jejunum and
distal ileum was cut and put into 10 % neutral formalin solution
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promptly and sent to be examined histologically.
Histological examination of intestinal mucosa Specimens
were embedded in paraffin, 4 µm sections made and stained
with H.E., analyzed with an HPIAS-1000 Multimedia Color
Analysis System. Three low power (10×10) fields in each
slide were read. The length of 5 villi, the depth of 5 crypts
and the thickness of the mucosa at 5 sites were read and
analyzed. The average value was calculated and documented.
All the manipulations were done blindly by two experienced
pathologists.
Bloodletting and animal execution Three ml of blood from
the right ventricle was drawn and 1 250 u of heparin was added.
The blood was centrifuged and the serum was stored at -70 .
Then the animals were sacrificed by exsanguination.
Lactulose/mannitol test The lactulose and mannitol
concentrations in the preserved urine sample were measured
by a high-performance liquid chromatograph (Waters Co.,
USA). The ion-exchange column used was bought from
Transgenomic Co., USA. The ratio between the two sugars
was then calculated.
Identification of the interleukins About 5 cm intestine
segments from the upper, middle and lower paste were resected
and then the surfaces of the mucosa were dried with cotton
swabs. The mucous membrane of the icy specimens was
scraped, weighed and divided into two equal parts. They were
immediately put into liquid nitrogen and then stored at -70 .
For the tests, the specimens were melted to room temperature,
and 1 ml normal saline was added before homogenates were
made. The homogenates were then centrifuged for 15 minutes
at 4 and then IL-4, IL-6 and IL-10 in the supernatants were
measured with ELISA method described by Kudsk [8]. The
results were described as pg/g of mucosal tissue of the small
intestine.
Determination of IgA The frozen samples of blood plasma
and the mucosa of the small intestine were melted to room
temperature and the concentration of IgA in them was measured
by ELISA method. The results were shown as IgA µg/ml of
blood plasma and IgA µg/g of small intestinal mucosa.

Statistical analysis
All the values were expressed as the mean ±SD. One-way
ANOVA was used to check the differences between them.
ChiSquare test was used to check the differences of bacterial
translocation rates between the groups. When P was less than
0.05, the difference was considered statistically significant.
The degree of correlation was described using Pearson
Correlation coefficient. Software SPSS10.0 was used in all
statistical analyses.
RESULTS
Body weight
The body weight changes of the animals in each group are
illustrated in Figure 1. At the beginning of the experiment there
was no difference in the body weight of the animals among
the groups. At the end of the experiment, the body weight
decrease was greatest in the animals of LPS group.
Morphology and morphometry of small intestinal mucous
membrane
The degree of damage of villi and crypts and the thinning of
mucous membrane in jejunum and ileum were most significant
in LPS group among all groups (Figure 2 and 3).
Interleukins of small intestinal mucosal tissue
The concentrations of IL-4 and IL-6 in Gln group were the lowest
among these groups except control group. IL-10 level in Gln
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group was also the lowest among the four groups, and it was
significantly lower than that in TPN group (P<0.01, Figure 4).
b
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Figure 1 Graphs of body weight changes. (a) Graphs of body
weights of animals at the start and end of the experiment; Day
1 means the date when experiments started; Day 8 means the
date when experiments ended; bP<0.001, vs control group, TPN
group, and Gln group; (b) The illustration of body weight increase or decrease at the endpoint of the experiment; aP<0.001, vs
TPN group, LPS group and Gln group; bP<0.02, vs LPS group;
c
P<0.03, vs Gln group.
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Figure 3 Graphs of morphometry of small intestinal mucosa.
(a) Morphometry of jejunal mucous membrane; aP<0.01, vs TPN
group, LPS group and Gln group; bP<0.01, vs TPN group and
LPS group; cP<0.02, vs LPS group; dP<0.04, vs Gln group; (b)
Morphometry of ileal mucous membrane; aP<0.004, vs TPN
group, LPS group and Gln group; bP<0.005, vs LPS group;
c
P<0.02, vs Gln group; dP<0.02, vs Gln group; eP<0.001, vs TPN
group and Gln group.

E
Figure 2 Alterations of structure in mucous membrane of small
intestine under microscope. A. The normal structure of jejunum
mucosa in normal group rats; B. The normal structure of ileal
mucosa in normal group rats; C. Slice of the structure of ileal
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mucosa in TPN group. The section shows an evident damage
in mucosal architecture. The villi become shorter, blunted and
swollen. Infiltration of leukocytes occurs within the lamina
propria. The lymphatic ducts in lamina propria reveal dilatation and edematous; D. Slice of the jejunal mucosa of LPS group.
The villi are more sparse and shorter than control group. It
also shows infiltration of leukocytes within lamina propria,
and dilatation of lymphatic ducts in lamina propria; E. The
section of ileum mucosa of Gln group. The morphology of ileal mucosa is similar to that of control group (B).
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Figure 4 Graph of interleukins in mucous membrane of small
intestine. aP<0.02, vs TPN group; bP<0.001, vs Control group,
LPS group, Gln group; cP<0.01, vs Gln group.

IgA levels in plasma and small intestinal mucous membrane
IgA levels in blood plasma in Gln group were the highest
among the four groups, and so was that in small intestinal
mucosa. There was a positive correlation for IgAs level between
those in plasma and small intestinal mucosa (r=0.961, P<0.04,
Table 1).
Table 1 IgA Levels in blood plasma and small intestinal mucous membrane
Blood plasma
IgA (ug/ml)

Mucosal tissue
IgA (ug/g)

Control Group

146.73±50.98a

507.48±167.39c

Group TPN

133.94±64.41

544.62±100.78d

b

Group LPS

194.52±111.18

611.89±171.60

Group Gln

255.13+160.59

827.89+279.96

Note: Values were expressed as mean ± SD; aP<0.02, vs Gln
group; bP<0.04, vs Gln group; cP<0.01, vs Gln group; dP<0.02,
vs Gln group; There ‘s a positive correlation for IgA levels in
blood plasma and mucosal tissues (r=0.961, P<0.04).

Correlation of IgA with interleukines
There was no significant correlation between IgA level in
plasma and mucosa with the level of interleukins in mucosal
tissue of small intestine (Table 2).
Table 2 Correlation of IgAs with interleukins
IgA of blood plasma
IL-4

IL-6

IL-10

IgA of mucous membrane
IL-4

IL-6

IL-10

r value

-0.562 -0.584 –0.744

-0.614

-0.373

-0.396

P value

0.438

0.416

0.256

0.386

0.627

0.604

no

no

no

no

no

no

Note: Values were expressed as mean ± SD; aThere was no
correlations between each IgA level in plasma and mucosal
tissue with that of three interleukins respectively in intestinal mucosa.

Ratio for L/M

0

Correlationa
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Lactulose and mannitol (L/M) test
The recovery rates of lactulose and mannitol in the urine of
TPN group, LPS group and Gln group were increased. The
ratio of L/M was the biggest in LPS group, and the value of
the ratio in LPS group was not different statistically from that
in Gln group (Figure 5).

Urine recovery rate
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Figure 5 Illustration of dual sugar test. (a) Recovery rate of
urine for lactulose and mannitol; (b) Graphic of intestinal permeability expressed by L/M ratio. aP<0.003, vs control group;
b
P<0.001, vs control groups and TPN groups.

Bacterial identification and translocation
The results of bacterial culture were labeled as positive when
the CFU found per gram of tissue (or ml of blood) was more
than or equivalent to 103[9] . In LPS group the rate of bacterial
translocation was the highest. The second highest rate was seen
in TPN group. The logarithm of the number of translocated
bacteria correlated positively with the bacterial translocation
rate (Table 3). The bacteria translocated, in order of frequency,
were proteus, E. coli, enterococcus and other Gram negative
bacteria. One or two, even three bacteria were usually recovered
from the same organ when translocation was present[6,9].
Table 3 Bacteriologic tests
MLN Liver

PVB

Rate of BT

Logarithm of TB

Control group

3/8

0/8

0/8

12.5 % (3/24)a

0.5414+1.4799d

TPN group

4/9

4/9

4/9

44.4% (12/27)

2.3279+2.3609

LPS group

5/8

6/8

7/8

75.0% (18/24)b

3.0782±2.2824e

Gln group

2/8

5/8

3/8

41.7% (10/24)

1.5845+2.3209

c

Note: Values were expressed as mean ± SD; MLN, mesenteric
lymph node; PVB, portal vein blood; BT, bacterial translocation;
TB, translocated bacteria; BTR, rate of BT; aP<0.01, vs TPN group
and LPS group; bP<0.02, vs Gln group; cP<0.03, vs group control;
d
P<0.01, vs TPN group and LPS group; eP<0.01, vs Gln group;
The rate of bacterial translocation is positively correlated to
the logarithm of the number of translocated bacteria (r=0.978,
P<0.022, P<0.03).

DISCUSSION
Damage of intestinal barrier function and the resulting bacterial
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translocation and endotoxemia caused by stress was well
documented in the literature[1-4, 10-14]. How to protect this barrier
function and prevent bacterial translocation and toxemia during
stress are important research topics[15-17].
Animal experiments showed some good results in protecting
intestinal barrier function and decreasing bacterial
translocation, toxemia and enterogenous infection by various
measures [6, 8, 9, 15, 17-22, 30]. Glutamine has many biological
functions[23, 24]. It comprises more than 50 percent of the body’s
free amino acid pool and is a precursor for synthesis of nucleic
acids and glutathione. It is the main fuel for rapid proliferating
and dividing cells such as enterocytes, lymphocytes, and other
immunocytes etc. It can promote hyperplasia of the epithelial
cells of ileum and colon[25]. The structure and function of small
intestinal mucosa are maintained and the increment of intestinal
permeability is reduced when glutamine is supplemented to
animals fed parenterally[26-28]. Besides, glutamine could enhance
body’s immunity through immune modulation[8, 24, 29]. Results
from a series of experiments and clinical investigations indicate
that supplementation with glutamine parenterally and/or
enterally has improved the gut barrier function and body’s
immunity when used in human and animals[13, 17, 23, 29-35]. It has
been generally accepted that glutamine could maintain
intestinal barrier function through the improvement of
architecture of small intestinal mucosa. Formerly, researches
along this line usually paid attention to only one aspect of the
functions of the intestinal barrier. For this reason, no
interrelationship among the permeability and immunity of
intestinal mucosa and bacterial translocation was discussed or
fully explained[6, 11, 30].
It is known that the cause of the damage of intestinal
permeability in animals fed with TPN is mainly the atrophy of
intestinal mucous membrane[11, 34]. The mechanism of the
increase of intestinal permeability caused by endotoxin is very
complicated. It may relate to many inflammation mediators
such as cytokines, vasoactive amines and oxygen free
radicals[16, 36]. The problem needs further investigation. Our
experiment showed that injection of LPS intraperitoneally to
rats indeed led to impairment of gut barrier function and an
increase in bacterial translocation. Although there were no
differences in body weight change when comparing that in
glutamine-supplemented group with those in TPN group and
LPS group, the damage of architecture of small intestinal
mucosa in the former, especially in mucous membrane of
ileum, was greatly alleviated than those in the latter two groups.
Glutamine has a visible effect on the secretion of interleukins
in mucous membrane of small intestine. The three interleukins
in small intestinal mucosa in glutamine group were lower (for
IL-4 and IL-6) or lowest (IL-10) than those in other groups of
our experiment. There are different opinions about the effects
of interleukins on intestinal barrier function. Some authors
mentioned that intestinal IL-4 and IL-10 were important in
maintaining IgA concentration in the respiratory and alimentary
tracts and in the blood[8]. In the present experiment, we have
not found a correlation between IgA level and IL-4 and IL-10
levels in intestinal mucosa. It has been considered that type II
cytokines such as IL-4 and IL-10 have an anti-inflammatory
function and then it could alleviate tissue and cell damage
caused inflammatory mediators and type I cytokines such as
IL-6[37-39]. But there was a report that held a completely different
opinion[40]. We could see from our experiment that glutamine
could reduce secretion of interleukins, and it seems that the
lower interleukin concentrations are beneficial in reducing the
damage of intestinal permeability[40].
It is known that the digestive tract is the largest immune
organ in human body and intestinal mucosal IgA is the first
defense line of intestine immunity barrier. This has an important
function in preventing bacterial adherence and translocation
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within intestinal lumen. In our experiment, the IgA levels in
blood and intestinal mucosa in glutamine group were the
highest among all groups. There was statistically significant
difference between the mucosal IgA levels in glutamine group
and those in the control and TPN groups. This result meant
that the alleviation of bacterial translocation rate in animals
supplemented with glutamine correlated with the increase of
IgA secretion in mucous membrane of the small intestine.
There was a positive correlation between IgA levels in mucous
membrane and blood plasma. It confirmed that the intestine
is a vital organ for IgA secretion[32].
Many changes of the immunological indicators in our
experiment did not reach a statistically significant level. The
reason for this might be that our experiment and observation
period ended at the time when the peak of stress reaction had
just passed and the animals had no sufficient recovery time[12].
In this experiment we have made a model in which the animal
is injured by laparotomy and parenteral nutrition, and
endotoxemia is caused by an injection with a higher dosage of
LPS intraperitoneally 6 days after the injury. The protective
mechanism of glutamine on gut barrier was investigated. We
found that the model simulated well the conditions of the
clinical infectious complications.
In summary, using 1 000 mg/kg/d glutamine parenterally
can alleviate the atrophy and impairment of the mucous
membrane of small intestine in rats. It can also increase the
concentration of IgA and decrease concentrations of IL-4, IL6 and IL-10 that are secreted by the mucous membrane of small
intestine. Thus, the immune function of the small intestinal
mucosa was modulated and the damage of gut barrier caused
by trauma and endotoxemia was alleviated. The rate of
bacterial translocation was also decreased. Changes of
intestinal permeability measured with the dual sugar test did
not completely correlated with alterations of gut barrier
function[41].
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Abstract
AIM: Human hepatitis B virus enhancer II B1 binding factor
(hB1F) was cloned and characterized as a novel member of
the Ftz-F1 (NR5A) nuclear receptor subfamily. Although
progresses have recently been made, its biological function
remains largely unidentified. The aim of this study was to
establish an hB1F transgenic mouse model to promote the
functional study of hB1F.
METHODS: Transgene fragments were microinjected into
fertilized eggs of mice. The manipulated embryos were
transferred into the oviducts of pseudopregnant female mice.
The offsprings were identified by PCR and Southern blot
analysis. Transgene expression was analyzed with RT-PCR
and Western blot analysis. Transgenic founder mice were
used to establish transgenic mouse lineages. The F1 and F2
mice were identified by PCR analysis.
RESULTS: Seven mice were identified as carrying copies
of transgene. RT-PCR and Western blotting results showed
that the transgene was expressed in heart, liver, lung, kidney
and stomach in one of the transgenic mouse lineages.
Genetic analysis of the transgenic mice demonstrated that
the transgene was integrated into the chromosome at a
single site, and was transmitted stably.
CONCLUSION: In this study we established an hB1F
transgenic mouse model, which will facilitate the investigation
of the biological function of hB1F in vivo.
Wang SL, Yang H, Xie YH, Wang Y, Li JZ, Wang L, Wang ZG, Fu
JL. Establishment of transgenic mice carrying the gene of human
nuclear receptor NR5A2 (hB1F). World J Gastroenterol 2003;
9(6): 1333-1336
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INTRODUCTION
Nuclear receptor (NR) is a superfamily of eukaryotic
transcription factors that are crucial for gene regulation and

development. Members of this superfamily include receptors
for steroid and non-steroid hormones as well as a large number
of orphan receptors whose regulatory ligands have not been
identified[1,2]. Fushi tarazu factor 1 (Ftz-F1) is one of the six
subfamilies of the NR superfamily[3], which has been nominated
as NR5[4]. Members of the Ftz-F1 subfamily all possess a particular
Ftz-F1 box located at the C-terminal of the DNA-binding domain
(DBD) and bind to their response elements as monomer.
Human hepatitis B virus (HBV) enhancer II B1 binding
factor (hB1F) has been cloned and characterized as a novel
member of the Ftz-F1 subfamily[5]. hB1F (also known as NR5A2,
CPF, and hFTF) binds specifically to the B1 element in the
enhancer II of HBV and activates its function, thus regulating
the viral gene expression and replication. RT-PCR and 3’-RACE
have previously revealed that utilization of two polyadenylation
signals results in the 3.8 and 5.2 kb transcripts[6,7]. hB1F is the
human homologue of the mouse transcription factor mLRH-1.
It has been reported that NR5A2 may play an important role in
regulating the liver-specific expression of several genes[8]. Recent
findings demonstrate that NR5A2 is a critical transcription factor
in the bile acid biosynthesis pathway[9,10] and may also regulate
the expression of bile acid and cholesterol transporters in the
liver and intestine[11,12].
To facilitate the functional studies of hB1F, we reported
here the establishment of transgenic mice carrying hB1F gene.
7 transgenic mice were identified by PCR and Southern blotting
and used as founders to establish transgenic mouse lineages.
The results of the F1 identification with PCR showed that the
transgenes could be transmitted stably. RT-PCR and Western
blotting analysis demonstrated that the transgenes expressed
in multiple tissues of transgenic mice.

MATERIALS AND METHODS
Plasmid
pcDNA3-hB1F contains the full length hB1F cDNA under the
control of CMV promoter. A Flag tag was placed upstream to
the hB1F coding sequence to facilitate the characterization of
the expressed protein.
Animals
C57 and CBA mice were maintained by Shanghai Nanfang
Research Center for Model Organisms. Transgenic mice were
raised, and bred in the Laboratory Animal Centre of Second
Military Medical University.
Generation of transgenic mice
The 6.9 kb linearized pcDNA3-hB1F was purified from agarose
gel with QIAGEN gel extraction kit (Qiagen, CA, USA),
adjusted to a final concentration of 1 µg/ml in TE buffer and
used as the DNA solution in microinjection. The F1 female
hybrids of C57 and CBA mice were hormonally superovulated
and mated with F1 male hybrids. Next morning the fertilized
one-cell eggs were collected from the oviduct. The eggs were
microinjected with the DNA solution under a microscope. The
injected fertilized eggs were transplanted into the oviduct of
pseudo-pregnant F1 hybrids of C57 and CBA mice.
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Identification of transgenic mice
Founder (G0) mice were identified by PCR and Southern
blotting analysis. For PCR, DNA was extracted from tails
with Genomic DNA MINIPREPES kit (Sangon Inc. China).
PCR amplification was performed with hB1F primers (P1: 5’CCGACAAGTGGTACATGGAA-3’ P2: 5’CTGCTGCGGGTAGTTACACA-3’) and pcDNA3 primers
(P3: 5’-ATGCGGTGGGCT CTATG-3’ P4: 5’CGGCTTCCATCCGAGTA-3’) which would produce 300 bp
and 1 353 bp fragments from mice carrying the transgene,
respectively. For Southern blotting, genomic DNA was
dig ested overnight with Hin dIII and sub jected to
electrophoresis on a 1.0 % agarose gel. DNA was transferred
onto nylon membrane (MILLIPORE Co., Ltd, London, UK).
Hybridization was performed under a stringent condition with
a randomly-primed (α-32P)-labeled hB1F probe.
Expression of the transgene
One of the transgenic mouse lineages was used to study the
expression of transgene. Total RNA was isolated from tissues
with the TRIzol reagent (Invitrogen, CA, USA), according
to manufacturer’s instructions. First strand cDNA was
synthesized by reverse transcription (Promega, USA).
Semiquantitative RT-PCR reactions were performed using
primer pairs 5’-CCGACAAGTGGT ACATGGAA-3’ and 5’CTGCTGCGGGTAGTTACACA-3’ for hB1F cDNA, and 5’AACTTTGGCATTGTGGAAGG-3’ and 5’TGTGAGGGAGATGCTCAGT G-3’ for mouse
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
cDNA, which resulted in the generation of 300 bp and 600
bp products, respectively. PCR was performed for 30 cycles
at 94
for 1 min, at 57
for 1 min, and at 72 for 1 min.
PCR products were electrophoresed on 1.5 % agarose gels.
Signals were quantified by density analysis of the digital
images using BioStar image software,version 2.
For Western blotting, protein samples from tissues were
prepared according the protocols by the manufacturer (Santa
Cruz Biotechnology, Inc. WA, USA). 50 µg protein of each
sample was electrophoresed on 10 % SDS-polyacrylamide gel
and transferred to PVDF membrane. Membranes were blocked
with 5 % (w/v) non-fat milk in Tween-TBS (TBST) overnight
and incubated with anti-Flag antibody (Sigma, USA)
at 4
at a dilution of 1:500 in TBST for 2 h at room temperature.
Membranes were washed three times with TBST and incubated
with a secondary antibody (horseradish peroxidase-conjugated
anti-mouse IgG) at a dilution of 1:2 000 at room temperature
for 1 h. Immunodetection was carried out with an enhanced
chemiluminescence kit (Amersham Pharmacia Biotech, USA).
Transmission of transgene
To study the transmission of transgene in mice, transgenic
founder mice were mated to normal C57 mice to produce the
first generation (F1) transgenic mice which were identified by
PCR analysis using hB1F primers P1 and P2, and primers P5
( 5’ -GTTGGAGGTCGCTGAGTA-3 ’ ) an d P6 ( 5’ AGTAGGAAAGTCCCATAAGGTC-3’), yielding 300 bp and
500 bp products, respectively, from mice carrying the
transgene. The F1 mice of the same founder carrying the
transgene were mated between brother and sister mice to produce
the second generation (F2). The F2 transgenic mice were
identified by the same methods for the F1 transgenic mice.
RESULTS
Establishment of hB1F transgenic mice
The transgene fragment containing the full length hB1F cDNA
was microinjected into the male pronucleus of 653 fertilized
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oocytes of F1 hybrids between C57 and CBA mice. The
injected eggs were implanted into the oviducts of 24 pseudopregnant foster mothers, of which 13 mice became pregnant
and gave birth to 97 offsprings. Eleven offspring mice were
identified to carry the hB1F cDNA as demonstrated by PCR
analysis (Figure 1), seven out of which were further confirmed
by Southern blotting analysis (Figure 2). The ratio of transgene
integration was 11.3 % and 7.2 %, respectively, by PCR and
Southern blotting analysis.

bp
500

300bp

300
100
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
bp
1.5

1.3kb

1.0
0.5

Figure 1 PCR results of transgenic mice. 1: DNA molecular
weight marker, up 100bp ladder,down 1kb ladder; 2: Positive
control (pcDNA3-hB1F); 3: Negative control (normal mouse);
4: Water as template; 5-15: Transgenic founder mice; Up: P1P2 primers amplified; Down: P3-P4 primers amplified.
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Figure 2 Genonic DNA Southern blotting results of transgenic
mice. 1: Positive control (pcDNA3-hB1F); 2: Negative control
(normal mouse); 3-13: Transgenic founder mice.

hB1F transgene expressed in multiple tissues of transgenic mice
As the transgene was driven by the CMV promoter, to study if
it can express in multiple tissues of transgenic mice, we analysed
the tissue expression profile of the hB1F transgene by RT-PCR
and Western blot. The results (Figure 3, Figure 4) showed that
the hB1F transgene was expressed in the heart, liver, lung,
stomach and kidney, but not in intestine and encephalon.
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Figure 3 RT-PCR results of transgene expression. 1: DNA molecular weight marker DL 2000; 2: Positive control (pcDNA3hB1F); 3: Negative control (non-reversely transcribed RNA);
4: C57 mouse liver; 5-11: Transgenic mice tissues. aP<0.05.
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Figure 4 Western blotting analysis of transgene expression.

Genetics of transgenic mice
To establish the transgenic mouse lineages, founder mice were
mated to C57 mice to produce F1 mice. Among 128 mice of
the first generation, 60 were identified as carrying hB1F cDNA
transgene by PCR analysis (Figure 5). The ratio of transgene
transmission was 46.9 %. The F1 mice from the same founder
were mated each other to produce the F2 mice. 45 out of 64 F2
mice were hB1F transgenic mice, with a ratio of transgene
transmission of 70.3 %. These results showed that the
inheritance of hB1F transgene was in accordance with
Mendel’s laws, and the transgene was integrated into the
chromosome in a single site and could be transmitted stably.
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Figure 5 Partial PCR results of F1 transgenic mice. 1: DNA
molecular weight marker, up DL 2000, down 100bp ladder; 2:
Positive control (pcDNA3-hB1F); 3: Negative control (normal
mouse); 4: Water as control; 5-12: F1 mice; Up: P1-P2 primers
amplified; Down: P5-P6 primers amplified.

1335

that hB1F plays in a living organism. The strategy to knock
out mLRH-1 in mice has not been successful, due to early
embryo lethality (personal communication), which suggests
that hB1F/mLRH-1 has yet unidentified crucial functions
during embryogenesis. The attempt to generate hB1F
transgenic mice has not been reported either. To our
knowledge, we have generated the first transgenic mice
carrying and expressing the hB1F transgene.
In vivo hB1F/mLRH-1 is mainly expressed in the liver and
pancreas. However, weak expression of hB1F has also been
detected in other tissues such as heart, lung, skeletal muscle
and intestine[5,6]. Recent studies have also demonstrated that
hB1F is expressed abundantly in human ovary, testis[16] and
preadipocytes[14], as well as in human adrenal and placenta
in small amount [16], thus hB1F has a broader expression
tissue profile than previously thought. In this study, the
hB1F transgene was expressed in multiple tissues, most of
which are capable of expressing endogenous hB1F in vivo.
Therefore, the hB1F transgenic mice we generated in this
study is an invaluable animal model, for investigating hB1F
function not only in hepatic tissues, but also in other tissues,
which may ultimately reveal the yet unidentified biological
functions of hB1F.
In conclusion, we reported here the successful generation
of a transgenic mouse model expressing the orphan nuclear
receptor hB1F (NR5A2). Future studies will focus on the
physiological and pathological changes in this mouse model
using powerful analytic methods e.g. microarray comparisons
of gene expression profiles between normal and transgenic
mice.
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Abstract
AIM: The structural and functional characteristics of cells
are dependent on the specific gene expression profile. The
ability to study and compare gene expression at the cellular
level will therefore provide valuable insights into cell
physiology and pathophysiology.
METHODS: Individual cells were isolated from frozen colon
tissue sections using laser microdissection. DNA as well as
RNA were extracted, and total RNA was reversely transcribed
to complementary DNA (cDNA). Both DNA and cDNA were
analyzed by nested polymerase chain reaction (PCR). The
quality of isolated DNA and RNA was satisfactory.
RESULTS: Single cells were successfully microdissected
using an ultraviolet laser micromanipulator. Nested PCR
amplification products of DNA and cDNA of single cells could
clearly be visualized by agarose gel electrophoresis.
CONCLUSION: The combined use of laser microdissection
and nested-PCR provides an opportunity to analyze gene
expression in single cells. This method allows the analysis
and identification of specific genes which are involved in
physiological and pathophysiological processes in a complex
of variable cell phenotypes.
Shi X, Kleeff J, Zhu ZW, Schmied B, Tang WH, Zimmermann A,
Büchler MW, Friess H. Gene-expression analysis of single cellsnested polymerase chain reaction after laser microdissection.
World J Gastroenterol 2003; 9(6): 1337-1341
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INTRODUCTION
Techniques for isolating a specific cell population from a tissue
complex for subsequent analysis of its molecular and
biochemical contents have long been critical in cellular and
molecular biology. To this end, various microdissection
techniques have been developed to reduce contamination of
surrounding cells[1-3]. Microdissection originally involved
manual or micromanipulator guidance of a needle to scrape

off an area of interest of a thin tissue section [4]. Selective
ultraviolet radiation fractionation, which relies on negative
selection and ablation of the unwanted areas of the tissue on
the slide, provides a technical advancement in this field[1].
Micromanipulators and microdissection have improved the
accuracy and reliability of microdissection; however, it remains
an intrinsically slow, technique-dependent process of procuring
pure cell populations from tissues. Modern techniques, such
as flow cytometry with cell sorting and affinity-labeled
magnetic beads, allow separation of cell subpopulations from
heterogeneous pools of single cells in suspension. To apply
these techniques to tissues, there is a requirement for the
dissolution of intercellular adhesion and the formation of a
suspension of individual cells, which is not generally practical
in solid tissues and may change the characteristics of the
isolated cells. Perhaps the biggest breakthrough in this approach
and one that is rapidly gaining popularity is laser
microdissection (LM)[5,6]. LM can be used to collect individual
cells or specific cell populations from complex tissues without
any contamination, and an individual operator can collect many
samples in a single session.
The use of LM to obtain pure cell populations has so far
been applied to DNA analysis[5], protein analysis[7] and mRNA
analysis[8]. A variety of approaches are routinely used to assess
the expression of specific genes in cells and tissues, such as
Northern blot and RNase protection assay. The quantity of
mRNA that can be harvested from a single cell is on the order
of 1 pg at best. Thus, the techniques used to analyze gene
expression are limited when applied to single cells. Nested
PCR has proved to be a sensitive and specific procedure[9],
and the use of nested PCR increases both the sensitivity and
specificity of the standard PCR assay[10,11].
We now present an approach that allows analysis of DNA
and mRNA down to the cellular level within intact tissue
sections using a combination of LM and nested PCR.

MATERIALS AND METHODS
Preparation of tissue sections
Normal colon tissues were obtained from operation specimens
in which a partial colon resection was performed for colon
cancer. The Human Subject Committee of the University of
Bern approved the studies. Immediately following surgical
removal, tissues were snap-frozen in liquid nitrogen and
until use. Tissues were embedded in
maintained at -80
Tissue Tek OCT medium (VWR Scientific Products
Corporation, San Diego, CA, USA) and sectioned at 8 µm in a
cryostat, mounted on uncoated glass slides, and immediately
stored at -80
once air dried. Slides containing frozen
sections were fixed in 70 % ethanol for 2 min, stained with
hematoxylin and eosin, then dehydrated in 70 %, 94 % and
100 % alcohol (each for 2 minutes) and finally dehydrated
for 2 minutes in xylene.
Laser microdissection
The ultraviolet-laser Robot-Microbeam (P.A.L.M.,
Wolfratshausen, Germany) used for microdissection consists
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of a nitrogen laser of high-beam precision (wavelength 337nm)
coupled to an inverted microscope (Axiovert 135; Zeiss, Jena,
Germany) via the epifluorescence illumination path. The
microscope stage and micromanipulator are digitally controlled
and moved by a computer mouse. The high photon density
within the laser focus catapults the material to the cap without
any heating effect-a so-called cold ablation-so that DNA and
RNA would not degrade during microdissection. With the
combination of laser-manipulated microdissection (LMM) and
the laser pressure catapulting (LPC) technique, single cells
could be processed in seconds[12].

DNA extraction from microdissected samples
DNA was extracted using DNA extraction solution with 100
mM Tris-HCl, pH 8.0, 400 µg/ml proteinase K (Sigma,
Deisenhofen, Germany). After incubation at 37 for 3 h, the
samples were boiled to inactivate proteinase K. After
centrifugation, the supernatants of the DNA extraction buffer,
now containing DNA from the microdissected cells, were used
for nested PCR.
RNA isolation from microdissected samples and reverse
transcription
Total RNA was independently isolated by means of a
modification of the RNA microisolation protocol, as described
previously[13]. Briefly, caps were placed in Eppendorf tubes
containing guanidinium isothiocyanate buffer, inverted several
times, extracted with phenol/chloroform/isoamyl alcohol, and
precipitated with sodium acetate and glycogen carrier (10 µg/
µl) in isopropanol. After initial recovery and resuspension of
the RNA pellet, a DNAse treatment was performed for 2 h at
37 using 10 units of DNAse (Roche Diagnostics, Mannheim,
Germany) in the presence of 10 units of RNAse inhibitor
(Roche Diagnostics, Mannheim, Germany), followed by reextraction and precipitation. The pellet was resuspended in 24
µl of RNAse-free water. 12 µl of total RNA was reversely
transcribed into complementary DNA (cDNA) using random
hexamers according to the manufacturer’s instructions (Roche
Diagnostics, Rotkreuz, Switzerland) [14]. For each cDNA
reaction tube, an identical tube containing the same amount of
RNA was prepared as a negative control (mock RT). In these
tubes, the same amount of water was substituted for reverse
transcriptase. After incubation, the reaction was terminated by
for 10 min. The cDNA preparations were
heating to 95
until use.
used immediately or stored at -20
Gene analysis by nested PCR
The human beta-actin gene, a ubiquitously and constitutively
expressed gene, was used as the target gene[15] for nested PCR.
This approach involves the use of two pairs of PCR primers.
The primers were synthesized by Amplimmun (Amplimmun
AG, Madulain, Switzerland); the sequence is shown in Table
1. PCR amplification was carried out using beta-actin-outer
primers in a final volume of 25 µl with a Perkin-Elmer
GeneAmp System 9700 using 0.625U of Taq DNA
polymerase (Roche Diagnostics GmbH, Mannheim,
Germany). Cycling conditions were as follows: 35 cycles of
denaturation at 94 for 1 min, annealing at 62 for 1 min,
and elongation at 72
for 2.5 min. The first PCR cycle was
preceded by denaturation at 94
for 3 min, and the last
PCR cycle was followed by incubation at 72
for 8 min.
Nested PCR was performed using 0.5 µl of the first PCR
product as a template. The PCR cycling conditions for the
beta-actin-inner primers were the same as above except for
an annealing temperature of 60 . The amplification products
were analyzed by electrophoresis on 1 % agarose gels and
stained with ethidium bromide.
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Table 1 β-actin primers used for nested PCR analysis
Primer

Sequence

β-actin-outer
Forward primer
Reverse primer
β-actin-inner
Forward primer
Reverse primer

Primer
size
(bp)

Size of PCR
products
(bp)

GGC ATC CTC ACC CTG AAG TA 20
CCA TCT CTT GCT CGA AGT CC 20

494

AAA TCT GGC ACC ACA CCT TC 20
AGG GCA TAC CCC TCG TAG AT 20

240

RESULTS
Laser microdissection of cells from cryostat sections
Eight-micrometer cryostat sections were prepared from normal
colon tissues. Single colon mucosa cells were selected and cut
with LM and catapulted by LPC under visual control (Figure
1). For LPC, the setting of laser energy was sufficiently high
to catapult the microdissected cells into the microcentrifuge
cap. Cell clusters of interest were also selected and lasermicrodissected under visual control (Figure 2). The laser
precisely circumcised a selected area or a single cell, which
yielded a clear-cut gap between selected and non-selected areas.
DNA analysis in microdissected cells by nested PCR
100 cells, 10 cells and 1 cell were microdissected from normal
colon sections. Samples were digested by proteinase K and
boiled for 10 min to denature proteinase K. After centrifugation,
the supernatants were used for PCR with the beta-actin-outer
primers. The amplification products were analyzed by
electrophoresis on 1 % agarose gels; the results are shown in
Figure 3A. The bands from a complete section, 100 cells, and
10 cells could be clearly visualized. Nested PCR was performed
using 0.5 µl of the first PCR product as a template; the
amplification results are shown in Figure 3B. Amplification
products from single cells could be clearly visualized by
agarose gel electrophoresis after nested PCR. Control
amplifications without DNA templates did not yield any signal.
M

1

2

3

4

5

6

7

8

9

10

A

B
Figure 2 Amplification results from nested PCR of colon cells
after laser microdissection. Nested PCR amplification products
of DNA of single cells could clearly be visualized by agarose gel
electrophoresis. A: Amplification results of β-actin-outer primers.
B: Amplification results of β-actin–inner primers. M: DNA markers (upper to lower: 2000, 1000, 900, 800, 700, 600, 500, 400, 300,
200, and 100 bp). 1: PCR positive control; 2: one complete section;
4, 6 and 8 are 100, 10 and 1 cell(s), respectively; 3, 5, 7 and 9 are
negative controls of 2, 4, 6 and 8; 10: PCR negative control.
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A
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H

Figure 1 Examples of laser microdissection in colon tissues (hematoxylin and eosin, magnification ×200). Single cells were picked
by combination laser-manipulated microdissection (LMM) and laser pressure catapulting (LPC). A, C, E, G: Before Laser
microdissection. B, D, F, H: Using LMM, the laser precisely circumcised selected cells, yielding a cut gap between selected and
non-selected areas. Then the selected cells were catapulted using the LPC technique. A-F: Typical images before and after LMM
and LPC. G, H: Laser microdissection could also be used to cut out the nucleus of a selected cell.

mRNA expression in microdissected cells by nested PCR
Normal colon RNA was obtained from complete sections,
200 cells, 100 cells, 10 cells and single cells. cDNA was
transcribed from total RNA. The amplification products were
analyzed by electrophoresis on 1 % agarose gels; the results
are shown in Figure 3C. Signals from complete sections could

be clearly visualized. However, the signals from 200 cells
and 100 cells could only be seen on the original gels, and the
signals from 10 cells and single cells were below the level of
detection. Nested PCR was performed using 0.5 µl of the
first PCR product as a template; the amplification results are
shown in Figure 3D. Amplification products of even single
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cells could be clearly visualized by agarose gel electrophoresis.
Control amplifications without cDNA templates did not yield
any signal.
M 1 2 3 4 5 6 7 8 9 10 11 12

A

B
Figure 3 Amplification results from nested RT-PCR for cDNA
of single cells after laser microdissection. A: Amplification results of β-actin-outer primers. B: Amplification results of βactin-inner primers. M: DNA markers (upper to lower: 2000,
1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100 bp). 1: PCR
positive control; 2: one complete section; 4, 6, 8 and 10 are 200,
100, 10 and 1 cell(s), respectively; 3, 5, 7, 9 and 11 are negative
controls of 2, 4, 6, 8 and 10; 12: PCR negative control.

DISCUSSION
In this study, single colon mucosa cells could be selectively
microdissected and collected from frozen tissue sections under
direct microscopic visualization using LM. Microdissected
mucosa cells were used for further gene analysis using
nested PCR.
Most tissues are composed of a number of different cell
types, and cellular heterogeneity in most tissues is very
complex. In normal or developing organs, specific cells express
different genes and undergo complex molecular changes both
in response to internal control signals, signals from adjacent
cells, and humoral stimuli. In disease pathologies, the diseased
cells of interest, such as precancerous cells or invading groups
of cancer cells, are surrounded by these heterogeneous tissue
elements. The percentage of non-neoplastic cells present in
such specimens can be as high as 95 % [16]. This tissue
heterogeneity has proved one of the major obstacles to
molecular research using current methods, since varying
numbers of normal cells could mask the presence of single
abnormal cells when analysis of its gene expression and total
DNA or RNA from heterogeneous tissue is used[17-24].
LM is a new method for performing microdissection of
selected regions down to a single cell[5,6,25]. There have been
other reports describing methods to collect specific regions of
tissue, such as graded sieving of glomeruli or pancreatic islet
cells[26,27] and isolation of suspension of proximal tubular cells[28].
These methods make it possible to obtain relatively pure and
large amounts of samples; however, it is difficult to avoid
possible contamination of other tissue compartments, which
can cause problems with sensitive RT-PCR methods. Using
LM, our study has shown that it is feasible to examine mRNA
expression of single cells without the risk of contamination by
neighboring cells. If more than one cell is needed, single
unwanted cells can selectively be destroyed from the tissue
section using LM, resulting in an area composed of a
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homogenous cell population. Utilizing a computer-controlled
microscope stage, the cells of interest are visually selected and
marked and their positions are stored electronically. The stage
then automatically goes to and moves around the selected cells,
while the laser fires with a preselected pulse energy and
repetition rate. With a further slightly defocused laser shot,
the target cells can selectively be catapulted into a
microcentrifuge cap using LPC for further study. As reported
in this article, this method allows gene analysis in the particular
tissue region isolated from the frozen cryostat specimen,
avoiding the contamination of other cells.
The quantity of mRNA that can be harvested from a single
cell is approximately 1 pg at best. Therefore, to obtain
meaningful gene-expression data, well-optimized or
specialized amplification protocols must be applied. Using
conventional PCR, the theoretical limit of detection is one copy
of a single-stranded DNA molecule, and so with efficient
harvesting of cytoplasm and a well-optimized PCR protocol,
single-cell PCR is feasible[29]. However, this is not a trivial
undertaking, and identifying the expression of rare or particularly
labile transcripts would prove to be technically demanding[30].
In this study, amplification signals from DNA of single cells
were only faintly present in the agarose gels, and amplification
signals from cDNA could not be visualized by gel
electrophoresis. Therefore, certain modifications to this
approach have to be applied to provide more comprehensive
single-cell expression analysis. In this study, a straightforward
method of expanding the results obtained from single-cell PCR
involves the use of nested PCR. Essentially, a primary
conventional PCR increases the target concentration so that a
second PCR reaction can be carried out to assay for the presence
or absence of gene expression. The present study has shown
that nested PCR is feasible for the analysis of gene expression
after LM, even at the cellular level, and that this approach has
the advantage of being relatively simple to apply. Further
studies on the gene expression profiles of single microdissected
cells will provide novel insight into different physiological
and pathophysiological processes.
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Abstract
AIM: Cytochrome P450 2C9 (CYP2C9) is a polymorphic
enzyme responsible for the metabolism of a large number
of clinically important drugs. Individuals with mutant enzymes
may risk serious side effects under routine therapy with
certain drugs metabolized by CYP2C9. In order to facilitate
the detection of the known SNPs of CYP2C9, an allele-specific
oligonucleotide (ASO) based microarray was made.
METHODS: An oligonucleotide microarray was made to
facilitate the SNP (single nucleotide polymorphism) screening
and was applied for the detection of CYP2C9 polymorphism
in 62 high blood pressure (HBP) patients who received
Irbesartan for treatment. Part of the genotyping results was
confirmed by direct sequencing. And the relation between
CYP2C9 polymorphism and therapeutic outcome of
Irbesartan was statistically analyzed.
RESULTS: Heterozygous alleles of CYP2C9*1/*3 were found
in 7 out of 62 subjects. No mutant alleles of CYP2C9*2, *4
and *5 and no homozygous mutant alleles were detected.
The 7 heterozygous CYP2C9*1/*3 and 13 random wild type
DNA samples were subjected to direct sequencing with
purified PCR products and same genotyping results were
obtained with the 20 DNA samples. There was no significant
difference in the odds of effectiveness of Irbesartan between
the wild type (normal) group and CYP2C9*1/*3 (mutant)
group (P>0.05).
CONCLUSION: The oligonucleotide microarray made in this
study is a reliable assay for detecting the CYP2C9 known
alleles and the heterozygous CYP2C9*1/*3 has no significant
effects on the therapeutic outcome of Irbesartan.
Wen SY, Wang H, Sun OJ, Wang SQ. Rapid detection of the
known SNPs of CYP2C9 using oligonucleotide microarray. World
J Gastroenterol 2003; 9(6): 1342-1346
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INTRODUCTION
Pharmacogenetics was established on the fact that certain
genetic polymorphisms may cause significantly different
responses among individuals on exposure to a particular drug[1-3].
Recent advances in the understanding of the molecular genetics
of drug-metabolizing enzymes (DME), particularly

cytochrome P450, have enabled the molecular basis of many
polymorphisms to be elucidated and the genotyping assays to
be developed[4-6].
Cytochrome P450 is one of the key enzymatic mechanisms
for the metabolism of drugs, pesticides, environmental pollutants,
and carcinogens[7-9]. In this superfamily, CYP2C9 [10-12] is a
polymorphic enzyme responsible for the metabolism of a large
number of clinically important drugs such as S-warfarin,
phenytoin, tolbutamide, losartan and nonsteroidal antiinflammatory drugs. To date, 5 alleles of CYP2C9 including
the wild type CYP2C9*1 and the mutants CYP2C9*2 (430CT), CYP2C9*3 (1075A-C), CYP2C9*4 (1076T-C) and
CYP2C9*5 (1080C-G) have been found (www.imm.ki.
se\cypalleles). In the four mutant alleles, single nucleotide
variations in the exon 3 and exon 7 cause amino acid
substitutions Arg144Cys, Ile359Leu, Ile359Thr and D360E,
respectively, and therefore lead to a slow metabolizing capacity
of the enzymes. The altered pharmacogenetics may result in
prolonged or shortened effect time. The individuals with mutant
enzymes risk serious side effects under routine therapy with
certain drugs metabolized by CYP2C9. So frequent variants
of CYP2C9 should be analyzed in participants of clinical trials
where the enzymes may play a key role.
In order to facilitate the detection of the known SNPs of
CYP2C9, an ASO (allele-specific oligonucleotide)
hybridization based microarray was made, which could
simultaneously screen the 4 mutant alleles of CYP2C9 of 10
individuals, and was applied for the detection of CYP2C9
polymorphism in 62 hypertension patients who received
Irbesartan for treatment. Irbesartan is a selective antagonist of
the AT1 receptor of angiotensin II receptor (AT1R) used in the
treatment of hypertension and congestive heart failure[13,14].
Previous studies indicate that Irbesartan is mainly metabolized
by CYP2C9 to the inactive form[15].

MATERIALS AND METHODS
DNA samples
A total of 62 peripheral blood samples were collected from
unrelated HBP patients who received Irbesartan for treatment
and the therapeutic outcome was classified as outstanding (11
persons), effective (38 persons) and failed (13 persons).
Genomic DNA was extracted with the Genomic DNA
pu rif ication kit ( Pro meg a) an d q uantified by UV
spectrophotometer (DU® 640, Beckman coulter).
Oligonucleotides synthesis
Oligonucleotides (primers or probes) were synthesized using
automatic DNA synthesizer (ABi 391A). For signal detection,
the reverse primers were fluorescein (Cy3) labeled at 5’ end.
A probe was synthesized with the 3’ end amino-modified
to have a primary NH 2 group for immobilization onto
aldehyde-coated slides, and the NH2 group was linked by a
polyethleneglycol spacer to a specific allele-discriminating
sequence, which was 16-17 nucleotides in length with a
nucleotide complimentary to either the normal or mutant allele
in the middle of the sequence. A list of oligonucleotides used
in this study is presented in Table 1.
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Table 1 Oligonucleotides used in this study
##

Sequence (5’--3’)

Application

C1
C2*
C3
C4*

CAC ATG GCT GCC CAG TGT CAG CTT C
GGC CAC CCC TGA AAT GTT TCC AAG
ACG TGT GAT TGG CAG AAA CCG GAG C
GGG ACT TCG AAA ACA TGG AGT TGC AG

Primers used to amplify exon3 and exon7 fragments of
CYP2C9 containing SNP sites. C2* and C4* were
fluorescein (Cy3) labeled at 5’ end.

C1Tf
C1Tr
C2Tf
C2T1
C2T2
C2T3

ATT GAG GAC TGT GTT CAA GAG GAA GC
CTT CCT CTT GAA CAC AGT CCT C
CCT ACA CAG ATG CTG TGG TGC AC
CTG GTG GGG AGA AGG TCA AGG TAT CTC
CTG GTG GGG AGA AGG TCA GTG TAT CTC
CTG GTG GGG AGA AGC TCA ATG TAT CTC

Primers used to construct mutant templates.
The variant bases (indicated by underlines)
were introduced when synthesized.

P1
P2
P3
P4
P5
P6
P7
P8

TTG AGG ACC GTG TTC AA - spacer- NH2
TTG AGG ACT GTG TTC AA - spacer- NH2
GAG ATA CAT TGA CCT TC - spacer- NH2
GAG ATA CCT TGA CCT TC - spacer- NH2
GAG ATA CAT TGA CCT TC - spacer- NH2
GAG ATA CAC TGA CCT TC - spacer- NH2
TAC ATT GAC CTT CTC C - spacer- NH2
TAC ATT GAG CTT CTC C - spacer- NH2

Pairs of probes with one base difference (indicated
with underline) for SNP discrimination, immobilized
on aldehyde-coated slides surface with
3’ end primary NH2 group.

PCR amplification
The 2 target segments containing the SNP sites to be typed
were amplified by PCR in one tube. Asymmetric PCR method
was used to generate single-stranded target segments. The ratio
of forward primer to reverse primer (fluorescein labeled) was
optimized at 1:40 in a PCR reaction (data not shown). Reaction
mixtures of 20 µL contained 100 µM dNTP, 0.5 µM forward
primer, 20 µM reverse primer, 100 ng of a genomic DNA or
40 ng of a plasmid DNA, 1* PCR buffer and 1 U Taq enzyme.
Amplification was conducted in a thermal cycler (PTC-100TM
programmable thermal controller, MJ. Research Inc) under the
following conditions: initial denaturation (5 min at 94 )
followed by 40 cycles of denaturation (30 sec at 94 ),
annealing (30 sec at 62 ) and extension (30 sec at 72 ). A
final extension step was carried out for 5 min at 72 . The
PCR products were analyzed by 2 % agarose gel electrophoresis.

Hybridization and signal detection
Two µL of the single-stranded Cy3-labeled target PCR products
was mixed with 10 µL hybridization solution (5*SSC, 0.1 %
SDS, 1 % salmon DNA), and the 12 µL final volume was
transferred to the hybridization area on the glass slide. The
water bath for 30 min in a
slide was incubated in 40
hybridization chamber. After incubation, the slide was washed
sequentially in washing solution A (1*SSC, 0.2 % SDS),
washing solution B (0.2*SSC) and washing solution C (0.1
*SSC) for 1 min each.
The glass slides were scanned using the confocal Scanarray
3 000 (GSI Lumonics), with excitation at 540 nm and emission
at 570 nm (Cy3). Sixteen-bit TIFF images of 10 µm resolution
were analyzed. After subtraction of local background, the
average signal intensity of the duplicate spots of each probe
was used to calculate the signal ratios defining the genotypes.

Construction of standard templates
DNA segments of wild type or mutant CYP2C9 were subcloned
to PGEM® T4-vector (Promega) according to the protocol. The
plasmids were used as standard wild type or mutant templates
for the optimization of hybridization conditions and
establishment of signal intensity ratio of match to mismatch
after verification by sequencing. The artificial heterozygous
templates were constructed by mixing equal amounts of wild
type and mutant plasimid DNA. To introduce a mutant
nucleotide at specific position in a DNA segment, site-directed
mutagenesis method[16] with mutant primers was used.

Direct sequencing with PCR products
Part of the DNA samples was subjected to direct sequencing
using DNA sequencer (CEQTM 2000XL DNA analysis system,
Beckman) to confirm the results. PCR reaction was carried
out in 50 µL solution and the PCR products were purified to
be the sequencing templates with PCR products purification
kit (Promega).

Preparation of DNA microarrays
The 3’ end amino-modified probes were diluted to a final
concentration of 20 µmol/L in spotting solutions (3*SSC and
0.01 % SDS). The spotting solutions were transferred into 96well plates in volumes of 10 µL and spotted to aldehyde-coated
glass slides with a microarray printer (Cartisan), which
deposited 0.5 nL at each spotting site, resulting in spots of 200
µm in diameter. Each probe was spotted in duplicate. The
humidity during spotting was 70 % and the temperature was
kept at 23 . After spotting, slides were incubated for another
1 h under the same conditions and stored at room temperature
for at least 1 day before use. The pattern of slide and array
format are shown in Figure 3.

Statistical analysis
Statistics was made by χ2 test.
RESULTS
Determination of the signal intensity ratio of match to
mismatch
According to the hybridization result of standard wild type or
mutant plasmid templates, under the optimized hybridization
and stringent washing conditions, there was a great difference
in signal intensities between the perfect match and the single
base mismatch probes. The ratio of match to mismatch of signal
pairs was above 4 at least. Detection of heterozygous alleles
was a hard point for microarray. In the present study, the
hybridization results of the heterozygous templates showed
that the signal intensity ratio of the probe pair corresponding
to heterozygous alleles was below 2.5 (the ratio was always
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the stronger to the weaker). Typical results are shown in Figure
1. Repeated experiments with genomic DNA gave a statistically
similar result (data not shown). So the ratio value above 4 or
below 2.5 was considered sensible for genotype judgement
while sample with the ratio value within 2.5-4 should be regenotyped.
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Genotype results of 62 DNA samples by DNA microarray
In the genotype result of the 62 samples determined by the
microarray, heterozygous alleles of CYP2C9*1/*3 were found
in 7 out of 62 subjects. No heterozygous or homozygous mutant
alleles of CYP2C9*2, *4 and *5 were detected. Repeated
experiments gave the same result. A brief procedure is
illustrated in Figure 2 and Figure 3.
3
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Figure 1 The TIF image of hybridization results of (A) wildtype
template, (B) mutant template, (C) heterozygous template of
CYP2C9*1/CYP2C9*3, and (D) heterozygous template of
CYP2C9*1/CYP2C9*4. The discriminating power of a pair of
probes was represented by the ratio of match to mismatch listed
below.

2

Jun 15, 2003 Volume 9 Number 6

20 DNA samples typed with two methods. The typical
sequencing results of the heterozygous CYP2C9*1/*3 and wild
type are compared in Figure 4.

(B)

(C)

1
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9 10 M

Data points

Figure 4 Part of the sequencing results. The letters in square
indicate wildtype and heterozygous of CYP2C9*1/CYP2C9*3
(1075A-C) in two samples.

Allele frequency and effects of CYP2C9 polymorphism on
therapeutic outcome of Irbesartan
The microarray described here is a reliable assay for detecting
the CYP2C9 known alleles. The analysis of 62 HBP patients
DNA samples yielded frequencies for CYP known alleles
(Table 2) that were in agreement with previous study[7,17,18].
There was no significant difference in the odd of effectiveness
of Irbesartan between the wild type (normal) group and the
CYP2C9*1/*3 (mutant) group (Table 3, P>0.05).
Table 2 CYP2C9 allele frequency in the study population
Allele

Number of alleles

Frequency %

*2

0/124

0

*3

7/124

5.6

*4

0/124

0

*5

0/124

0

Table 3 Therapeutic outcome of Irbesartan in wild type group
and CYP2C9*1/*3 group
309bp
212bp

250bp
100bp
Wild type
CYP2C9*1/*3

Figure 2 2 % agarose gel electrophoresis of the PCR products
of 10 samples. 1-10: PCR products of 10 DNA samples, M:
DGL2000 marker.
Hybridization area
Array format
P1

P2

P3

P4

P5

P6

P7

P8

P1

P2

P3

P4

P5

P6

P7

P8

Heterozygous allele

Figure 3 Array format and microarray hybridization result of
10 samples.

DNA samples genotyped by direct sequencing
To confirm the genotype result determined by microarray, the
7 heterozygous CYP2C9*1/*3 and 13 random wild type DNA
samples were subjected to direct sequencing with purified PCR
products. The same genotype results were obtained with the

Effective

Failed

43

12

6

1

P>1 (χ2 test), no significant difference in the odd of effectiveness
of Irbesartan between wild type group and CYP2C9*1/*3 group.

DISCUSSION
Single nucleotide polymorphism (SNP) is the most common
variation form in human genome[19-21]. The early methods to
type SNPs include SSCP, RFLP, AS-PCR, etc[22-24], making
genotyping judgement coupled with gel electrophoresis
analysis. The methods above are unfit for a large scale screening
due to the limitation of detection methods. With the advance
of organic fluorescence labeling and detection technology,
significant change has taken place in genotyping technology.
Molecular beacon[25], TaqMan[26] probe methods, which detect
fluorescence signal in homologous reaction, and DNA
microarray[27-29], which is based on hybridization coupled with
solid phase reaction, make genotyping easier and more
accurate. In the newly developed technologies, DNA
microarray is more preferable in the genetic linkage and
association study between large number of genetic markers
and phenotypic traits in pharmacogenomics, disease genomics
etc, due to its parallel detection of a large quantity of genetic
markers.

Wen SY et al. Genotyping CYP2C9 using oligonucleotide microarray

Fluorescence-labeled sample preparation is a critical step
in microarray genotyping. The quality and amount of genomic
DNA used as template in PCR reaction are essential to the
hybridization results. In the present study, the two target
segments containing the SNP sites to be typed were PCR
amplified in one tube. Asymmetric PCR method was used to
generate single-stranded target segments complimentary to the
probes.
The fluorescence signal intensity and discriminating power
(ratio of match to mismatch) of the probe pairs are the key
results from microarray for genotyping judgement, which can
be affected by many factors. When other conditions (the quality
and amount of single stranded PCR products, the quality of
aldehyde-coated slides, hybridization/washing conditions, etc)
are strictly controlled, the specific sequence context of the
probes is the determining factor. Because there was no
simultaneous mutation reported in the CYP2C9 known alleles,
the probes were designed without consideration of crosslink
of SNP sites of 1075A-C, 1076T-C, 1080C-G, any two of
which were assumed normal when the other one was set as
SNP site to be typed. The assumption reduced the number of
probe to be designed and was confirmed by the genotyping
result in the present study. Four pairs of probes were designed
to discriminate the normal and the four mutant alleles.
However, as an improvement to probe redundancy, all possible
probe patterns should be fabricated. In probe design, the probes
were chosen to have a common algorithmically calculated Tm
value of 50±2 with length of 16-17 nt. Under the optimized
hybridization/washing conditions, the P1/P2 and P7/P8 probe
pairs had a less intense signal and discriminating power than
the P3/P4 and P5/P6 pairs. The signal intensity ratio value
above 4 or below 2.5 is considered a critical limit for genotype
judgement. When the value fell into 2.5-4, the sample should
be re-genotyped.
The allele frequency of CYP2C9 determined in this study
was in accordance with the published data. Yoon YR et al[17]
showed that there were no CYP2C9*2 (430C-T) allele in Asian
population. Dickmann et al[18] found CYP2C9*5 (1080C-G)
only in Black people. In the present study, heterozygous
CYP2C9*1/*3 (1075A-C) were detected in 7 out of 62 unrelated
Chinese. There were marked ethnic/geographic differences in
the distribution of allelic variants of many DMEs[30]. It is of
obvious importance that such ethnic/geographic differences
be taken into account in routine pharmacogenetic diagnosis or
screening. Considering that it is challenging to optimize
oligonucleotide probes to achieve global maximum
discrimination of many genetic variants simultaneously, it is
of importance to reduce the probe number to ensure the
reproducibility and reliability of ASO hybridization basedmicroarray genotyping performance. For example,
microarray for genotyping frequent SNP sites (>1 %) in
DME-coding gene specific to Chinese should be made and
applied in Chinese population.
There were no homozygous mutants detected in the studied
population, and there may be other factors that affect the
effectiveness of Irbesartan, such as the polymorphism in drug
targets (ATIR), other potential mutation sites in CYP2C9, etc.
The results of genotyping in this study suggest that there is no
significant difference in the odd of effectiveness of Irbesartan
between the wild type group and CYP2C9*1/*3 group.
Provided that the heterozygous individuals have prolonged
effective time, a better therapeutic outcome may be obtained
as long as no additional side-effects occur.
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dysentery in humans. The severe forms of shigellosis are due
to colonization and destruction of the colonic mucosa by this
invasive pathogen. The infectious potential of Shigella is very
high, since as few as 100 microorganisms administered orally
are sufficient to cause dysentery in volunteers. Each year, at
least a billion cases of diarrheal diseases account for about
three million deaths. In the developing world, children under
5 years of age are the most susceptible victims, with over half
a million deaths occurred annually worldwide[1].
The phenotype which is essential to the pathogenicity of
S. flexneri is encoded by a 31kb sequence[2,3] located on the
200kb large virulence plasmid[4,5]. One locus in this fragment,
composed of the ipa operon (invasion plasmid antigen), is
necessary to encode and secrete the effectors, the Ipa proteins
or invasins. The ipa operon encodes four secreted proteins:
IpaB(62kDa), IpaC(42kDa), IpaD(37kDa) and IpaA(70kDa),
which elicit the formation of the entry focus via localized actin
polymerization[6]. The Ipa proteins are rapidly secreted from
S. flexneri when the bacterium comes into contact with
epithelial cells[7-10]. Following their secretion, IpaB and IpaC
are found as part of a protein complex and this complex is
absolutely required for entry into epithelial cells[7,11,12]. Latex
beads coated with anti-IpaC antibodies have been used to
recover the extracellular Ipa complex containing IpaB and
IpaC, and were shown to be internalized in HeLa cells through
the formation of membrane ruffles similar to those induced
upon bacterial entry[13]. These results have led to the proposal
that IpaB and IpaC play major roles in the entry of shigella
into epithelial cells.
Although IpaB is undoubtedly important for S. flexneri
invasion[14-17], a great deal of foci were shifted to IpaC as a
potential effector of S. flexneri invasion when purified IpaB
was shown not to possess in vitro membranolytic activity[11],
and purified IpaC was demonstrated to have such activities
consistent with its contribution to invasion[18]. Effector-related
functions that have been demonstrated for purified IpaC
include: enhanced invasion of cultured cells by S. flexneri at
nanomlar IpaC concentrations[16,19]; induced uptake of virulence
plasmid-cured at micromolar IpaC concentrations [24] ;
association with model phospholipid membranes[16,21]; and
triggering of cytoskeletal changes in cultured cells [22,27].
Additional activities associated with IpaC also include in vitro
reconstitution into complexes with IpaB, which may promote
the uptake of non-invasive strains of Escherichia coli[12, 19].
Shigellosis provides a model to study how a pathogenic
microorganism can subvert an integrated defense barrier and
interact with the host cells, which in turn facilitates invasion at
the early stage of the process. A major challenge is to
understand the role of Ipa proteins in entry into epithelial cells.
In order to investigate the mechanism of IpaC in the entry
process, two-hybrid system was exploited to identify the
proteins in host cells that interacted with IpaC invasin.

INTRODUCTION
Shigella is a Gram-negative bacterium responsible for intestinal
diseases ranging from mild watery diarrhea to bacillary

MATERIALS AND METHODS
Materials
The strains and plasmids used in this study are listed in
Table 1.

Abstract
AIM: Bacillary dysentery caused by Shigella flexneri is still
a threat to human health. Of four invasion plasmid antigen
proteins (IpaA,B,C and D), IpaC plays an important role in
the pathogenicity of this pathogen. The purpose of this study
was to investigate the proteins interacting with IpaC in the
host cell during the pathogenic process of this disease.
METHODS: By applying two-hybrid system, the bait
plasmid containing ipaC gene was constructed and
designated pGBKT-ipaC. The bait plasmid was transformed
AH109, and proved to express IpaC and then HeLa cDNA
library plasmids were introduced into the above transformed
AH109. The transformation mixture was plated on medium
lacking Trp, Leu, and His in the initial screen, then restreaked
on medium lacking Trp, Leu, His and Ade. Colonies growing
on the selection medium were further assayed for βgalactosidase activity. BLAST was carried out in the
database after sequencing the inserted cDNA of the positive
library plasmid.
RESULTS: Among the 2×106 transformants, 64 positive
clones were obtained as determined by activation of His,
Ade and LacZ reporter genes. Sequence analysis revealed
that cDNA inserts of two colonies were highly homologous
to a known human protein, RanBPM.
CONCLUSION: These results provide evidence that IpaC
may be involved in the invasion process of S. flexneri by
interacting with RanBPM, and RanBPM is most likely to be
the downstream target of IpaC in the cascade events of S.
flexneri infection.
Yao X, Wang HL, Shi ZX, Yan XY, Feng EL, Yang BL, Huang LY.
Identification of RanBMP interacting with Shigella flexneri IpaC
invasin by two-hybrid system of yeast. World J Gastroenterol
2003; 9(6): 1347-1351
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Table 1 Strains and plasmids

Strains
S. flexneri 2a, 2 457T
E. coli DH5α
S. cerevisiae AH109
Plasmids
pGBKT7
pGBKT-ipaC
pACT2
pLAM5’-1
p1

Relevant characteristics

Source

Wild type, Nalr
SupE44, lacU169 ( 80 lacZ M15), hsdR17, recA1, endA1, gyrA96, thi-1, relA1, Nalr
MATa, trp1-901, leu2-3, ura3-52, his3-200, gal4 , gal80 , LYS2::GAL1UAS-GAL1TATA-HIS3,
GAL2UAS-GAL2TATA-ADE2, URA3::MEL1UAS-MEL1TATA-LacZ

Maurelli AT
Our lab
Clontech

GAL4 DNA-BD, TRP1, c-Myc epitope tag, Kmr Clontech
GAL4 DNA-BD fusion of IpaC, TRP1, c-Myc epitope tag, Kmr
GAL4 DNA-AD, HA epitope, LEU2, Apr
GAL4 DNA-BD fusion of the human lamin C, TRP1, a false-positive detection plasmid, Apr
A positive library plasmid

Human HeLa MATCHMAKER cDNA library (HL4048AH),
c-Myc monoclonal antibody, YPD medium, minimal SD base
and DO supplement medium were purchased from Clontech.
Peroxidase-conjugated goat anti-mouse IgG was from Santa
Cruz. Mini- and Megapreps plasmid kits were obtained from
Promega. Restriction endonucleases and T4 DNA ligase were
purchased from New England Biolabs. Taq DNA polymerase,
deoxyribonucleotides, and PCR fragment recovery kit were
from TaKaRa. Primers for the 5’ and 3’ ends of ipaC gene, P1
and P2, were synthesized in our lab.

Methods
Growth and maintenance of strains Shigella flexneri 2a was
grown at 37
with constant stirring in trypticase soy broth
(TSB). Prior to use, the bacteria were streaked onto trypticase
soy agar (TSA) containing 0.025 % Congo red so that colonies
binding the dye could be selected. Bacteria that had lost the
invasion plasmid were not able to bind this dye and thus
appeared white in the presence of Congo red. Yeast strain
with vigorous shaking in YPAD.
AH109 was grown at 30
Antibiotics were used at the following concentrations: ampicillin
(Ap), 100 mg·L-1; kanamycin (Km), 50 mg·L-1; nalidixic acid
(Nal), 40 mg·L-1.
Construction of bait plasmid Isolation of plasmid and all
other molecular biology procedures were carried out according
to the standard published procedures [22]. ipaC gene was
amplified by PCR in a standard 100-µl reaction containing
2.5 mM MgCl2, 0.25 mM of each dNTP, 100 pmol of P1 and
P2 primers, 10 µl boiled S. flexneri, and 5U Taq DNA
polymerase. Reactions were allowed to proceed in a PerkinElmer 2400 thermal cycler programmed for 30 cycles (94 ,
30 s; 56 ,30 s; and 72 , 90 s) with one additional cycle for
7 min at 72 . PCR product was purified by agarose gel
electrophoresis, digested by NcoI and SalI, then ligated into
the pGBKT7 plasmid digested by NcoI and SalI. The ligation
products were then transformed into E.coli DH5α. The insert
of ipaC gene was then confirmed by PCR using the conditions
described above. To confirm if the ipaC gene was fused in
frame to the coding sequence of the GAL4 DNA-binding
domain, the plasmids were subjected to double-stranded DNA
sequencing with T7 sequencing primer according to the
manufacturer’s specifications.
Yeast transformation The lithium acetate (LiAc)-mediated
method was performed to transform DNA into yeast as
described in the reference[23]. In brief, the yeast competent cells
were prepared and suspended in a LiAc solution with the
plasmids DNA to be transformed, along with excess carrier
DNA. Polyethylene glycol (PEG) with an appropriate amount
of LiAc was then added and the mixture of DNA and yeast
was incubated at 30 . After incubation, DMSO was added
and the cells were heat shocked at 42 . The cells were then

This study
Clontech
Clontech
This study

plated on the appropriate medium to select transformants. The
amount of plasmids used for transformation was 0.1 µg except
that 50 µg library plasmid was used.
SDS-PAGE and western blot analysis Extraction of yeast
protein sample was carried out by using urea/SDS method as
described in reference[24]. SDS-PAGE was performed using
the standard procedure of Laemmli[22]. The samples were
resolved on a 12 % polyacrylamide gel. The samples could
be stained with Coomassie brilliant blue R250, or the proteins
electroblotted to NC membranes for western blot analysis
using a Bio-Rad Transbolt Semi-dry Blotter according to the
manufacturer’s instructions. Western blot analysis was
performed as previously described [22,25] . Briefly, the
membranes were blocked following protein transfer by
incubation in TBS (50 mM Tris-HCl pH7.4, 5 % BSA, 500
mM NaCl) and then incubated with c-Myc monoclonal
antibody diluted in TBS containing 0.1 % Tween 20 (v/v).
After several rinses in the same buffer, the membrane was
incubated with HRP-conjugated secondary antibody in the
same buffer. The membrane was then rinsed in TBS
containing 10 mM EDTA, 0.5 M NaCl , and 0.1 % Tween 20
(w/v). Blots were developed using TBS (50 mM Tris-HCl
pH7.4, 5 % BSA, 500 mM NaCl) containing 0.7 mg/ml 3,3’diaminobenzidine (DAB) and 0.003 % H 2 O 2 , finally
terminated with 2M H2SO4.
Two-hybrid strategy Before the screening process, intrinsic
activation function of the bait was tested as demonstrated by a
bait-testing assay. To perform the two-hybrid screening, the
bait plasmid pGBKT-ipaC was transformed into the yeast strain
AH109. The HeLa cDNA libraries were extracted from E.coli
and introduced into the AH109 transformed with the bait. Cells
were first spread on plates lacking Leu, Trp and His, and
containing 1mM 3-aminotriazole to select colonies by
prototrophy for histidine. The His+ colonies were streaked on
selective plates lacking Leu, Trp, His and Ade. The His+, Ade+
colonies were assayed for expression of β-galactosidase by an
X-Gal overlay assay, and blue colonies were streaked twice
on selective plates. After that, individual His+, Ade+, LacZ+
colonies were cultured in liquid SD synthetic medium. Yeast
DNA was recovered and transformed into E. coli DH5α by
electroporation. The insert carried by the prey plasmid in each
of the selected clones was amplified by PCR and grouped.
Representative plasmids from each group were retransformed
back into yeast to test their interaction with IpaC. The cDNA
inserts were subjected to sequencing.

RESULTS
Construction of bait plasmid
PCR primers for the 5’ and 3’ ends of ipaC gene were designed
as follows based on its published sequences [26]: P1, 5’-
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CGGCCATGGTAATAGAACTGATGTTGC-3’ containing
an NcoI restriction site and 18 bases of the 5’ end of ipaC
gene; and P2, 5’-GCGTCGACTTAAGCTCGAATGTTAC-3’
containing a SalI restriction site and 18 bases of the 3’end of
ipaC gene. After amplification of ipaC gene by PCR, there
was a band of about 1.1kb by agarose gel electrophoresis (data
not shown). The fragment was purified, digested by NcoI and
SalI, and cloned into the NcoI and SalI sites of pGBKT7. The
resulting plasmid was designated as pGBKT-ipaC (Figure 1).
Sequencing revealed that the ipaC gene was fused in the correct
reading frame with the coding sequence of GAL4 DNAbinding domain (data not shown).
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screening on selective media lack of Trp, Leu, His, Ade and
by β-galactosidase assay showed that only 64 colonies interacted
specifically with the bait BD-IpaC protein, but not with fusion
proteins between BD and human lamin C (Table 3).
Table 2 Detection of transcriptional activity of bait fusion
protein in AH109
Tranformed plasmids

Growth on SD His-

X-Gal

pGBKT-ipaC

-

white

pGBKT-ipaC + pACT2

-

white

Table 3 Verification of the interaction in positive clones
f1
ori

PADH1
GAL4-DBD
PT7

TRP1

pGBKT-ipaC
8.4kb

2µ
ori

Kan

Tranformed plasmids
NcoI

ipaC

T7&ADH1
pUC
ori

SalI

c-Myc epitope

Figure 1 Construction of recombinant plasmid expressing IpaC.

Expression of IpaC in yeast
SDS-PAGE and western blotting were carried out with the
protein extracted from yeast AH109, AH109 transformed with
pGBKT7 and pGBKT-ipaC (Figure 2). An approximate 20kDa
GAL4 DNA binding domain containing c-Myc epitope tag
was expressed in AH109 transformed with pGBKT7, while a
62kDa peptide was expressed in AH109 transformed with
pGBKT-ipaC. This showed that IpaC could be expressed in
frame with the GAL4 DNA binding domain and the bait
plasmid could be used in two-hybrid screening.
kD

1

2

3

62
20

Figure 2 Western blot analysis of the fused expression of IpaC
with c-Myc monoclonal antibody as a primary antibody. Lane
1, AH109; lane 2, AH109 transformed with pGBKT-ipaC; lane
3, AH109 transformed with pGBKT7.

Two-hybrid screening
In order to identify whether the fused bait protein could activate
the expression of reporter genes, yeast containing the bait
plasmid (pGBKT-ipaC) and yeast containing the empty vector
of library (pACT2) were tested as demonstrated by a baittesting assay (Table 2). The results indicated that IpaC was
devoid of transcriptional activity and could be used as bait in
a yeast two-hybrid assay.
The bait plasmid and cDNA library were sequentially
transformed into yeast strain AH109. Initial screening of 2×106
colonies of a human HeLa MATCHMAKER cDNA library
identified 92 clones that showed specific activation of His
reporter gene. Further testing of the specificity of interaction

β-Gal activity

1

p1

white

2

p1 + pGBKT7

white

3

p1 + pLAM5’-1

white

4

p1 + pGBKT-ipaC

blue

Sequence analysis of the clones revealed that two independent
colonies (p1 and p25) contained the same gene. A database
search using the BLAST program showed that this gene
encoded the protein which had as much as 99 % homology
with RanBPM (GenBank accession number AB055311). The
two library colonies isolated from the yeast-two hybrid assay
contained amino acid sequences that were upstream of the
BPM55 start codon, but were within the coding region of
BPM90. The resulting product of p1 contained 584 C-terminal
amino acids of RanBPM, which fused in the frame with the
GAL4 activation domain.

DISCUSSION
An important step in S. flexneri infection is bacterial invasion
of colonic epithelial cells, as characterized by host cytoskeletal
rearrangements at the site of bacterial contact [27]. These
localized changes in the host cytoskeleton lead to the formation
of filopodia that combine and trap the pathogen within a
membrane-bound vacuole that is rapidly lysed, thereby providing
the bacterium with access to the host cell cytoplasm[6]. Evidence
indicates that IpaC is necessary and sufficient to promote the
formation of filopodial extensions localized at the edge of
fibroblastic cells[21]. These extensions appear within seconds
after exposure of permeabilized cells to IpaC. The data
presented above and those from other laboratories indicate that
IpaC proteins play an important role in this process.
Current understanding of the role of S. flexneri Ipa proteins
in epithelial cell invasion is primarily based on deletion
mutagenesis, genetic complementation, and immunological
analyses[12-14,28,29]. To better understand the roles of the Ipa
proteins in the pathogenesis of shigellosis, it is necessary to
isolate proteins that interact with Ipa proteins in host cells.
The two-hybrid system is an effective genetic method to
identify protein-protein interaction and has been increasingly
used [30,31]. Therefore, we exploited a two-hybrid screen to
identify the IpaC-interacting protein in host cells. The foci of
infection of this pathogen are human colonic epithelial cells,
so a library prepared from them should be used in our screening.
Unfortunately, it is not commercially available. The mechanism
of entry of Shigella into cells has been studied extensively in
cultured cell lines. Of these cell lines, Hela was derived from
human epithelial cells and has been frequently used in the
invasion of S. flexneri[32-35]. Therefore a HeLa cDNA library
was used instead in our screening. Two library colonies that
were isolated in the yeast-two hybrid assay contained amino

1350

ISSN 1007-9327

CN 14-1219/ R

acid sequences with high homology to RanBPM.
RanBPM was originally identified by its interaction with
Ran, a small Ras-like GTPase. Ran shuttles between the nucleus
and the cytoplasm to complete its GTPase cycle, carrying out
nucleocytoplasmic transport of macromolecules and inducing
microtubule self-assembly by interacting with distinct Ran
binding protein[36,37]. RanBPM was initially identified as a 55kD
protein (BPM55) which contains 500 amino acids [37]. A
subsequent report has shown that BPM55 is a truncated protein
and the full-sized RanBPM is a 90kD protein (BPM90) which
contains 729 amino acids[38]. Here we demonstrated that the
function domain within BPM90 was able to interact with IpaC
in vivo. RanBPM was predominantly localized both in the nucleus
and in the cytoplasmic region surrounding the centrosome[38].
When truncated RanBPM was overexpressed in green monkey
kidney COS7 cells, the multiple spots which were colocalized
with γ-tubulin were formed and acted as ectopic microtubule
nucleation sites, resulting in a reorganization of microtubule
network[37]. The function of BPM90 is still unclear, but it has
recently been linked to the Ras/Erk signaling pathway[39].
Actin filaments and microtubule (MT) arrays have been
regarded as constituting separate cytoskeletal systems with
distinct functions. However, it has become clear that the cell’s
system of cytoskeletal filaments and its network of signaling
pathways are intimately linked and function cooperatively to
generate a cell phenotype tailored to the immediate conditions
of the cell[40]. When a signal occurs, the structural responses
driven by the cytoskeleton are usually complex, such as
establishing new axes of polarity, making and breaking
contacts, moving or dividing, especially generating protrusions
as observed in the entry process of S. flexneri.
Taken the data presented above together, we therefore
become greatly interested in possible involvement of IpaC in
the signaling cascade resulting in massive cytokeletal
rearrangements (Figure 3).
S. flexneri

RanBPM

Microtubule nucleation

?
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Abstract
AIM: To construct and express a humanized M2 autoantigen
trimer designated as BPO and to apply it in the diagnosis of
primary biliary cirrhosis (PBC).
METHODS: cDNA fragments encoding M 2 -reactive
epitopes of pyruvate dehydrogenase complex E2 (PDCE2), branched chain 2-oxo-acid dehydrogenase complex
E 2 (BCOADC-E 2 ) and 2-oxo-glutarate dehydrogenase
complex E2 (OGDC-E2) were amplified with PCR using total
RNA extracted from human peripheral mononuclear blood
cells. The fragments were cloned into the plasmid vector
pQE-30 and then transferred into E. coli M15 (pREP4) for
expression, which was induced by isopropylthio-β-Dgalactoside. The expressed recombinant BPO protein was
demonstrated by SDS-PAGE, Western-blotting and
Immunoabsorption test, its antigenic reactivity and
specificity were identified with seven M 2-positive sera
confirmed at Euroimmun Research Center (Germany).
Using the purified BPO, M2 antibodies in sera from patients
with PBC and other liver related diseases were detected
with ELISA.
RESULTS: The expressed BPO was observed with both
antigenic reactivity and specificity of M2 autoantigens. The
determination of M2 antibodies by BPO with ELISA was more
sensitive than using the Euroimmun’s kit with the coefficients
of variation less than 10 % in both interassay and intraassay.
With the newly established method, M2 antibodies were
found in 100 % (20/20) of patients with PBC. Six cases of
liver disease with unknown etiology and 1 patient with drug
induced liver injury had detectable levels of serum M 2
antibodies. There were also 2 patients with autoimmune
cholangitis and 1 with autoimmune hepatitis showing M2antibody positive.
CONCLUSION: Compared with the routine immunofluorescence
assay and commercially available assay kit using porcine
heart mitochondrial protein as the antigen, the detection
system established in the present study shows higher
sensitivity and specificity and may be used as a powerful
tool for the diagnosis of PBC.
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INTRODUCTION
Primary biliary cirrhosis (PBC) is a chronically progressive
cholestatic liver disease with autoimmune basis. According to
some reports, the incidence of this disease has been consistently
increased in recent years[1-4]. One of the remarkable features
of PBC is the appearance of high titre antimitochondrial
antibodies (AMA) in the patient’s sera. Generally, these
antibodies are categorized into nine subgroups termed M1-M9
according to the antigens they recognize, in which only M2
antibodies are considered specific for PBC patients that are
detectable years or decades before the clinical and histological
diagnosis[5-11].
The major autoantigens recognized by M2 antibodies are
the members of 2-oxo-acid dehydrogenase complex including
pyruvate dehydrogenase complex E2 (PDC-E2), branched chain
2-oxo-acid dehydrogenase complex E2 (BCOADC-E2) and 2oxo-glutarate dehydrogenase complex E2 (OGDC-E2), whose
immunodominant epitopes have been mapped within lipoyl
domains. Antibodies to these corresponding autoantigens have
been reported in PBC patients with a positive rate of 95 %, 5355 % and 39-88 % respectively[6,12]. However, when all of these
antibodies are determined simultaneously, the patients with
PBC can be diagnosed as high as 92-100 %[13-16]. These facts
suggest such a possibility that if there is a constructed antigen
containing the specific immunodominant epitopes and the
antibodies above can be detected synchronously, the
diagnosis of PBC patients would be more specific, sensitive
and convenient.
Therefore, we designed and constructed a M2 autoantigen
trimer (BPO) expression vector, which could coexpress the
immunodominant lipoyl domains of PDC-E2, BCOADC-E2 and
OGDC-E2 from human origin, in an attempt to establish a more
accurate and sensitive method with BPO to detect M2 antibodies
in patients with PBC. Besides, because it has never been
reported that M2 antibodies were found in other liver related
diseases other than PBC[17-20], a survey to detect M2 antibodies
under these circumstances with our constructed M2 autoantigen
trimer was also included in the present study.
MATERIALS AND METHODS
Patients
Eight groups of adult patients with both sexes who were treated
in Shanghai Changzheng Hospital were enrolled in the present
study. Group 1 consisted of 20 patients with PBC diagnosed
on the criteria: the presence of AMA and at least one of the
followings: (1) Elevation of serum alkaline phosphatase (ALP)
and/or gamma glutamyl transpeptidase (γ-GT). (2) Liver biopsy
with PBC characteristics[21]. Group 2 consisted of 5 patients
with autoimmune hepatitis (AIH)[22]. Two patients diagnosed
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as autoimmune cholangitis (AIC) were included in group 3,
and group 4 was composed of 18 patients diagnosed as liver
disease with unknown etiology (LDUE) that was defined as
lack of obvious causes including drug use, alcohol abuse,
exposure to hepatotoxic medication or chemicals and virus
infection. Group 5 consisted of 8 patients with drug induced
liver injury (DILI). Group 6 enrolled 201 patients with other
liver diseases (Post-viral hepatitis and liver cirrhosis, n=153;
Obstructive jaundice, n=25; Acute hepatitis A, n=15; Hepatic
abscess, n=3; Wilson’s disease, n=1; Cardiac cirrhosis, n=4).
Thirty-three patients with various autoimmune diseases (AID)
(Rheumatoid arthritis, n=12; Systemic lupus erythmatosus, n=12;
Polymyositis, n=4; Vasculitis, n=3; Hashimoto’s thyroiditis, n=2)
were included in group 7 and 1 225 healthy volunteers taking a
health checkup aged less than 28 served as the control. In the
experiment, fasting serum from each patient was prepared with
routine procedures and stored at -20 until further analysis.

Materials
Reverse transcriptase and PCR amplification system were
purchased from Roche Company (U.S.A). Restriction
endonucleases and T4 DNA ligase were from New England
Biolabs (U.S.A). Plasmid vector pQE-30 and E.coli M15 (prep
4) were from Qiagen Company (Germany). Indirect
immunofluorescence (IIF) test kit for AMA and Westernblotting kit for M 2 antibodies were all from Euroimmun
Company (Germany).
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pQE-30/BCOADC-E2, pQE-30/PDC-E2, pQE-30/OGDC-E2
and pQE-30/BPO respectively. The pQE-30/BPO was then
transferred into E. Coli M15 (pREP4) and induced by
isopropylthio-β-D-galactoside to express BPO protein, which
was finally confirmed with SDS-PAGE, Western-blotting and
Immunoabsorption test.
The antigenic reactivity and specificity of the recombinant
BPO trimer were identified with seven M 2-positive sera
confirmed at Euroimmun Research Center (Germany) by
immunoblotting using beef heart mitochondrial preparations.

Detection of M2 antibodies with BPO
The obtained recombinant BPO protein fused with the 6×His
affinity tag in the N-terminus was purified by Ni-NTA affinity
chromatography under denaturing conditions. After renatured
by removing denaturants slowly with dialysis, the BPO protein
was used as the specific antigen to detect M2 antibodies with
the routine procedures of ELISA. The coefficients of variation
for this assay method, the mean OD±SD for the control sera,
as well as the critical OD value for the positive determination
were respectively calculated or defined based on the
experimental results. The measurements of M2 antibodies and
AMA with Euroimmun’s kits as a comparison of the present
assay method were also simultaneously performed in the study.
RESULTS
Identification of expressed M2 autoantigen trimer
The segment analysis by restriction endonuclease digestion
confirmed that inserted cDNA sequences in the constructed
plasmids were completely consistent with that of the published
data (Figure 2). The molecular mass of BPO protein was
examined by SDS-PAGE in 15 % polycrylamide gel, in which
a specific 42 KD protein band was clearly visualized (Figure 3).
1

2 3 4 5 6
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6His BamHl
Sphl
PMPr
ColEl

1200
1031
600
500
400
300
200

Sacl

Sall
pQE-30/OGDC
Sacl
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6His BamHl
Sphl
PMPr
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Sacl
Sall

pGE-30/BPO

Figure 1 Construction protocol of recombinant plasmids.

Expression and identification of M2 autoantigen trimer
Recombinant plasmids were constructed as illustrated in Figure
1. Briefly, total RNA was extracted from human peripheral
mononuclear blood cells. The objective cDNAs were
synthesized by reverse transcriptase and used as the template
to amplify the immunodominant epitopes of BCOADC-E2,
PDC-E2 and OGDC-E2 with polymerase chain reaction. The
PCR products were digested with relevant restriction
endonuclease and purified cDNA fragments were inserted into
the expression vector pQE-30 to form recombinant plasmids

Figure 2 Segment analysis of recombinant plasmids by restriction endonuclease digestion. 1, 7. Markers; 2. pQE-30
(Bamh1); 3. pQE-30/BCOADC-E2 (Bamh1+Sph1); 4. pQE-30/
PDC-E2 (Sph1+Sac1); 5. p30/OGDC-E2 (Sac1+Sal1); 6. pQE-30/
BPO (Bamh1+Sal1).
1

2

3

4

5

6

MW×10 3

47.5
32.5
25
16.5
8.7

Figure 3 Expression products of recombinant plasmids detected by SDS-PAGE stained with Coomassie Brilliant Blue R-
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250. Lane 1: pQE-30 (control); Lane 2: pQE-30/BCOADC-E2;
Lane 3: pQE-30/PDC-E2; Lane 4: pQE-30/OGDC-E2; Lane 5:
pQE-30/BPO; Lane 6: protein marker.

The expressed BPO protein could react with all of the seven
M2-positive sera confirmed at Euroimmun Research Center
(Germany) by immunoblotting using beef heart mitochondrial
preparations, which identified the antigenic reactivity of the
recombinant BPO trimer (Figure 4). When mixed beforehand
with the lysates of E.coli expressing BPO overnight, the sera
became M2-negative by Western-blotting, which confirmed
the BPO specificity determined by the immunodominant
epitopes of PDC-E2, BCOADC-E2 and OGDC-E2.
A
abcd

B
abcd

C
abcd

D
abcd

Figure 4 Immunoreactivity of sera against recombinant
proteins. Three M2 antibody positive sera (A, B, C) and a M2
antibody negative serum (D) were probed with SDS-PAGEseparated recombinant proteins of BCOADC-E2 (lane a), PDCE2 (lane b), OGDC-E2 (lane c), BPO (lane d).

Effectiveness of BPO in the detection of M2 antibodies
The coefficients of variation for the detection of M2 antibodies
by BPO with ELISA were less than 10 % in both interassay
and intraassay. The mean OD ± SD for the control sera was
0.073±0.046. The critical OD value for positive was defined
as ≥ 0.303 based on the mean control value + 5 SD.
M2 antibodies in patients with PBC
In the patients with PBC who were AMA positive determined
by IIF test kit, the positive rate of M2 antibodies detected by
BPO with ELISA and Euroimmun’s kit was 100 % (20/20)
and 80 % (16/20) respectively (Table 1).
Table 1 AMA and M2 antibodies in patients with different
diseases
Group

n

AMA
positive

M2 - positive
Euroimmun’s kit

ELISA

AASLD’s
guideline (+)

PBC

20

20

16

20

20

AIH

5

0

0

1

0

AIC

2

0

1

2

0

18

7

6

6

6

1

1

1

1

ND

ND

0

ND

3

0

0

0

ND

ND

0

ND

LDUE
DILI
Other liver

8
201

diseases
AID
Control

33
1225

PBC: primary biliary cirrhosis; AIH: autoimmune hepatitis;
AIC: autoimmune cholangitis; LDUE: liver disease with unknown etiology; DILI: drug induced liver injury; AID: autoimmune disease; AMA: antimitochondrial antibodies; ND:
not done.

World J Gastroenterol

Jun 15, 2003 Volume 9 Number 6

M2 antibodies in patients with other diseases
Seven patients with liver disease of unknown etiology were
all AMA positive; However, only one was M 2 antibody
negative and didn’t agree with the guideline by the American
Association for the Study of Liver Diseases (AASLD), and
his plasma ALP and γ-GT were in normal range but alanine
aminotransferase was elevated (120 U/L). The other 6 patients
with M2 antibody positive had no specific symptoms except
the unexplained elevation of serum ALP (187-1 525 U/L) and
γ-GT (88-2 685 U/L).
One patient with drug induced liver injury was demonstrated
as M2 antibody positive by both ELISA and Euroimmun’s kit,
whose additional laboratory data were as follows: AMA
positive, antinuclear antibodies positive, ALP 153 U/L, γ-GT
321 U/L; alanine aminotransferase 281 U/L, aspartate
transaminase 225 U/L, total bilirubin 25 µmol/L (normal < 18
µmol/L). This patient suffered from lymphatic tuberculosis
and had taken rifampisin for one year before the onset of liver
disease. He was in agreement with the AASLD’s guideline.
It was noteworthy that the sera from 1 AIH and 2 AIC
patients with AMA negative had detectable M2 antibody by
BPO with ELISA, while they were M2 antibody negative with
the Euroimmun’s kit. The prominent elevation of plasma ALP
and γ-GT was observed in all of the three patients.
No M2 antibody positive sera were found in control, other
liver disease and the AID group by BPO with ELISA.
DISCUSSION
In the guideline by AASLD in 2000 and the standards by other
researchers, AMA has long been used as an important marker
for the primary biliary cirrhosis [21, 23]; however, only M 2
antibodies are considered as specific for the PBC diagnosis.
Other AMA sub-types have been found in drug-induced
disorders, cardiomyopathies, systemic lupus erythmatosus,
rheumatoid arthritis, tuberculosis, syphilis and hepatitis C,
indicating the nonspecific nature of AMA in the diagnosis of
PBC[24]. Besides, there were about 5-17 % of the patients with
biochemical and histological features compatible with PBC
not having detectable AMA with the IIF method[25-34]. To get
better diagnostic results, approaches to detect M2 antibodies
by ELISA or Western-blotting using recombinant antigen of
PDC-E2, BCOADC-E2 and OGDC-E2 have been reported in
several literatures[15-17].
In 2001, Miyakawa and his coworkers[35] developed a new
ELISA for the detection of M2 antibody using porcine heart
mitochondrial protein as the antigen. The sensitivity of this
method was only 78 %, despite the specificity was 100 %. In
the present study, we employed BPO as the antigen to
determine M2 antibodies with ELISA, which was more sensitive
than the Euroimmun’s kit. The reason for this was partially
because the antigen used in our approach was derived from
human sources instead of that from porcine used in
Euroimmun’s kit. The antigen heterogeneity might affect the
assay results[36]. Furthermore, the three major autoantigens,
BCOADC-E2, PDC-E2 and OGDC-E2, with no cross-reactivity
between, were constructed together as a trimer by molecular
biological techniques, which could provide more positive
chance for the detection of M2 antibodies. Therefore, the use
of this recombinant molecule offered a rapid, simple and
sensitive ELISA for the immunodiagnosis of PBC.
According to the investigation by James and his associates[3],
the incidence of PBC has been increased in recent years. In
northern England, the prevalence of PBC from 201.9 per 106
adults and 541.4 per 106 women over 40 in 1987 rose to 334.6
and 939.8 respectively in 1994. Owing to the lack of sensitive
diagnostic methods, there have no reliable data related to the
epidemiology of PBC in China so far and more seriously,

Jiang XH et al. M2 antiantigen trimer in diagnosis of biliary cirrhosis

clinical doctors have not yet paid appropriate attention to this
disease. We checked 10 patients with liver cirrhosis hospitalized
in January, February and April in 2000 whose serum
immunological variables showed no signs of viral infection, and
the reason for liver cirrhosis seemed unclear. However, 7 of the
10 patients were found M2 antibody positive by the detailed
studies at the Euroimmun Research Center (Germany). In the
past six months since we detected M2 antibody by BPO with
ELISA for the PBC diagnosis, over 120 patients’ sera have been
examined, in which 69 demonstrated M2 antibody positive and
30 cases with comparatively complete clinical data listed in this
paper. Our recent research and the related domestic reports in
2001 indicate that PBC is probably not so rare in China as it has
been thought[4, 37].
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Abstract
AIM: Irritable bowel syndrome (IBS) is characterized by
abdominal pain and changes in stool habits. Visceral
hypersensitivity is a key factor in the pathophysiology of
IBS. The aim of this study was to examine the effect of
rectal balloon-distention stimulus by blood oxygenation leveldependent functional magnetic resonance imaging (BOLDfMRI) in visceral pain center and to compare the distribution,
extent, and intensity of activated areas between IBS patients
and normal controls.
METHODS: Twenty-six patients with IBS and eleven normal
controls were tested for rectal sensation, and the subjective
pain intensity at 90 ml and 120 ml rectal balloon-distention
was reported by using Visual Analogue Scale. Then, BOLDfMRI was performed at 30 ml, 60 ml, 90 ml, and 120 ml
rectal balloon-distention in all subjects.
RESULTS: Rectal distention stimulation increased the activity
of anterior cingulate cortex (35/37), insular cortex (37/37),
prefrontal cortex (37/37), and thalamus (35/37) in most cases.
At 120 ml of rectal balloon-distention, the activation area and
percentage change in MR signal intensity of the regions of
interest (ROI) at IC, PFC, and THAL were significantly greater
in patients with IBS than that in controls. Score of pain
sensation at 90 ml and 120 ml rectal balloon-distention was
significantly higher in patients with IBS than that in controls.
CONCLUSION: Using fMRI, some patients with IBS can be
detected having visceral hypersensitivity in response to painful
rectal balloon-distention. fMRI is an objective brain imaging
technique to measure the change in regional cerebral activation
more precisely. In this study, IC and PFC of the IBS patients
were the major loci of the CNS processing of visceral perception.
Yuan YZ, Tao RJ, Xu B, Sun J, Chen KM, Miao F, Zhang ZW, Xu
JY. Functional brain imaging in irritable bowel syndrome with
rectal balloon-distention by using fMRI. World J Gastroenterol
2003; 9(6): 1356-1360
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INTRODUCTION
Irritable bowel syndrome (IBS) is the most common disorder

seen in gastroenterological practice[1,2]. The disorder affects
approximately 15 % to 20 % of the world’s population and is
predominately found in women [2]. It comprises a group of
functional bowel disorders in which abdominal discomfort or
pain is associated with defecation or a change in bowel habit,
and with features of disordered defecation [3,4] . The
pathophysiology of the symptom remains unclear, and visceral
hypersensitivity or decreased pain thresholds to distension of
the gut is considered to be a biologic marker for IBS and is
present in most patients with this gastrointestinal disorder[5].
Possibly, there are dysfunctions in the processing of sensory
stimuli in the “brain-gut” axis that may cause visceral
hypersensitivity and secondary motility changes[6]. The central
nervous system is believed to play a strong modulatory or
etiological role in the pathophysiology of the disease[7].
In animals, the perception of somatovisceral pain is derived
from the expression of the immediate early gene c-fos[8-11].
Numerous positron emission tomography (PET) [12-15] or
functional magnetic resonance imaging (fMRI)[16-18] studies
have dealt with the central processing of somatic pain in
humans. In contrast, the neural networks involved in the
perception of visceral pain in humans, especially rectal pain,
have been the subjects of a limited number of functional brain
imaging studies[19-23].
Previous studies of somatic pain using PET scanning to
measure the regional cerebral blood flow have suggested that
the anterior cingulate cortex (ACC), prefrontal cortex (PFC),
insular cortex (IC), and thalamus (THAL) are important loci
in pain perception[12,24]. Studies of visceral pain have generally
suggested that these brain centers are important in sensation.
fMRI is an alternative technique to measure changes in regional
cerebral activity during stimulation. Using fMRI, the cerebral
loci activated by rectal distention were also characterized in
healthy volunteers[22].
In this study, we examined the effect of rectal balloondistention stimulus by blood oxygenation level-dependent
functional magnetic resonance imaging (BOLD-fMRI) in the
visceral pain center and to compare the distribution, extent,
and intensity of activated areas between irritable bowel
Syndrome (IBS) patients and normal controls.

MATERIALS AND METHODS
Subjects
Eleven normal right-handed control subjects (6 men and 5
women; age, 24-49 years; average age, 39 years) and twentysix right-handed patients with IBS (12 men and 14 women; age,
18-61 years; average age, 47 years) participated in the study.
All volunteers were free of any gastrointestinal complaint. The
IBS patients were all diagnosed in Ruijin Hospital, and met the
Rome II criteria for IBS[4], which include at least 12 weeks, not
necessarily to be consecutive in the preceding 12 months of
abdominal discomfort or pain that has two of the following three
features: (1) Relieved with defecation; (2) Onset associated with
a change in frequency of stool; (3) Onset associated with a
change in form (appearance) of stool. Each patient underwent
a basic evaluation to exclude organic disease including a
history, physical examination, and colonoscopy.
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Distention protocol
Subjects reclined on the magnetic resonance imaging (MRI)
table with head resting on a beanbag saddle that reduced head
motion. A plastic balloon (Medtronic Synectics, USA) was
placed in rectum at 10-15 cm from the anal margin. First, the
subjects were tested for the rectal sensation, including the
thresholds for sensation of gas, defecation and pain. Second,
subjects reported the subjective pain intensity at 90 ml and 120
ml rectal balloon-distention by using visual analogue scale (0=no
pain, 10=unbearable pain). Then, fMRI scanning was begun.
Subjects were instructed to expect 4 series of rectal stimuli. Each
set of distention included 3 stimuli of the same volume lasting
30 seconds each, with a 30-second rest period in between. The
balloon inflation and deflation for each stimulus required an
average of 6 seconds. The baseline volume during the rest periods
was 0 ml. The first series of stimulus volume was 30 ml, the
second 60 ml, the third 90 ml, and the last 120 ml.

gas, defecation and pain were 28 ml, 127 ml, and 208 ml. They
were 24 ml, 90 ml, and 150 ml respectively in IBS group. The
thresholds for sensation of defecation and pain were significantly
lower in IBS group than in control group (P<0.05, Figure 1).

MRI scanning
BOLD imaging was performed on a 1.5-T GE Signa MRI
system. Each scanning consisted of a T1-weighted (the
parameters included TR/TE=400 ms/14 ms, matrix=256×256,
NEX=1). Next, four 10-mm-thickslices aligned at an
approximately 20 o angle above the anterior commissureposterior commissure line to include the ACC, IC, PFC, and
THAL. A functional scan was performed using echo planar
imaging, and a matrix of 64×64, NEX=1. The pulse sequence
parameters included a 90o flip-angle with a TR (image repetition
rate)/TE (effective echo time) of 3 000 ms/60 ms. Each run
consisted of 3 repetitions of 30 seconds of rest, followed by 30
seconds of stimulus. In each 30-second period, 10 parameters
were collected, 60 data during each series.

Figure 1 Rectal sensation test (the thresholds for sensation).

RESULTS
Rectal sensation test
In the control group, the average thresholds for sensation of

Volume (ml)

IBS

150

150

127
90

100
50

28

24

0
Gas

Defecation

Pain

VAS score

VAS score
At 30 ml rectal distention, subjects generally sensed a verylow-intensity stimulation, using the terms “gas”, “mildly felt”.
At 60 ml rectal distention, some IBS patients expressed
sensation of defecation. At 90 ml rectal distention, a large
number of IBS patients and some normal controls expressed
sensation of stool, associated with mild-moderate pain, and
VAS score was 4.42±2.00 vs 2.71±1.78. At 120 ml rectal
distention, most IBS patients reported moderate-severe painful
sensation, and VAS score was 5.90±1.84 vs 3.95±2.04. In this
study, three IBS patients could not tolerate 120 ml rectal
distention. The VAS score of 90 ml and 120 ml rectal distention
(painful rectal distention) was significantly higher in IBS
patients than in control (P<0.05, Figure 2).
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Figure 2 Subjective pain intensity.
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10
MR signal intensity (%)

Statistical analysis
The data were expressed as means ±SEM. For comparison of
means, an unpaired Student’s t test was used. The primary
comparisons were the thresholds for sensation and VAS score
between IBS patients and controls. Secondary analysis included
the percentage of ROI and the average percentage change in
MR signal intensity of ROI comparing IBS patients with
controls. Statistically significant differences by 2-tailed t tests
were defined by P<0.05.

208

Controls

200

The percentage change in

Data processing and analysis
Data analysis was performed using correlation-coefficient tool
in Functional software (AW3.2, SUN workstation). The
confidence level was 0.05. Brain areas thought to mediate
painful sensation included the ACC, the IC, the PFC, and
THAL. These regions of interest (ROI) were identified and
circled on the high-resolution anatomic images by a radiologist,
who was blind to the identity of the patient and to the active
pixels. The regional cerebral activation was evaluated by the
percentage area of ROI and the percentage change in MR signal
intensity of ROI. The percentage area of ROI was calculated
by the formula: the percentage area of ROI = the pixels of
ROI/the total pixels of selected pain center ×100 %. The
percentage change in MR signal intensity of ROI = (the MR
signal intensity during stimulation - the Mean baseline signal)/
the mean baseline signal ×100 %. The average percentage
change in MR signal intensity was calculated for each subject
at each stimulus volume in each ROI. To exclude the influence
of balloon inflation and deflation, the first and the tenth MR
signal intensity of the rest and stimulus phase were eliminated.
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Figure 3 The percentage change in MR signal intensity time
course of PFC in response to 3 rectal distentions at 90 ml.

Functional brain imaging
The time course of rectal stimulation sensation center response
indicated immediate increase and rapid decline in BOLD signal
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Figure 4 Functional brain map. The red area is the ROI.

in parallel with the mechanical distending stimulus (Figure 3).
For both IBS patients and control subjects, rectal distention
stimulation increased the activity of anterior cingulate cortex
(35/37), insular cortex (37/37), prefrontal cortex (37/37), and
thalamus (35/37) in most cases.
In patients with IBS, the average percentage area of ROI
increased in parallel with rectal distention volumes in the IC,
PFC, and THAL, only that in PFC had statistical significance
(P<0.05). In controls, this increasing tendency only occurred
in the ACC (Figure 4). At 120 ml rectal distention, the average
percentage area of ROI and the average percentage change in
MR signal intensity of ROI in the IC, PFC, and THAL were
significantly greater in patients with IBS than in control subjects
(P<0.05, Figure 5 and 6).
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Figure 6 The percentage change in MR signal intensity of ROI
at 120 ml rectal distention.

DISCUSSION
FMRI is a useful technology to measure changes in regional
CNS blood oxygenation, which is in parallel with regional
metabolic activity[25-27]. The BOLD technology detects changes
in the ratio of deoxyhemoglobin to oxyhemoglobin. When
brain-center neurons are metabolically active, there is an
increase in local blood flow and a relative increase in the
amount of oxyhemoglobin, and an increase in magnetic
resonance signal[25-29]. Accordingly, the magnetic resonance
signal in a given pixel will increase above baseline if the region
is activated in response to stimulation. FMRI offers advantages
over PET such as direct anatomic correlation, avoidance of
radioisotopes, and acceptable signal-to-noise ratio that do not
require large numbers of stimuli. fMRI images give similar
results as PET[30,31].
It showed that fMRI has adequate sensitivity to measure
regional cerebral blood flow changes in response to visceral - in
this case rectal - stimulation. Activity in the 4 selected CNS
pain centers, ACC, IC, PFC, and THAL, promptly increase with
rectal distention stimulation. The 4 selected pain centers are
components of the brain’s pain-processing system[12,24,32,33].
Current studies pointed to the THAL as a relay center, connecting
afferent signals from the spinothalamic tract and spinoreticular
tracts to higher centers such as the cingulate, prefrontal, and
insular cortices[34,35]. The IC is believed to mediate primarily
visceral sensations (taste, smell, gastric, colonic, and other visceral
inputs) including rectal stimuli, whereas the ACC is thought to
mediate the affective or “emotional” content of sensory
information. The insular cortex neurons distributed between the
taste area and the visceral area receive convergent inputs from
baroreceptor, chemoreceptor, gustatory and nociceptive organs
and may have roles in taste aversion or in regulation of visceral
responses[36]. Using positron emission tomography (PET),
Craig’s[37] group found contralateral activity correlated with graded
cooling stimuli only in the dorsal margin of the middle/posterior
insula in humans. Furthermore, Krushel[38] referred to the region
of convergence in the agranular insular cortex as the visceral
cortex, and suggested its involvement in the efficient integration
of specific visceral sensory stimuli with correlated limbic or
motivational consequences. The visceral cortex may help
regulate the organism’s visceral response to stress.
The PFC is thought to exert higher executive functions in
pain perception [39]. There are several different functional
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divisions of the PFC, including the dorsolateral, ventromedial,
and orbital sectors. Each of these regions plays some role in
affective processing that shares the feature of representing
affect in the absence of immediate rewards and punishments
as well as in different aspects of emotional regulation[40].
In this study, the thresholds for sensation of defecation
and pain were significantly lower in IBS group than in control
group, and VAS score was significantly higher in IBS patients
than in controls. The results were similar to the previous
studies[41]. Normal volunteers and IBS patients had significant
cerebral activation in the 4 selected brain centers (ACC, IC,
PFC, and THAL) during distention stimulation at 30 ml, 60
ml, 90 ml, and 120 ml. Significant differences in cerebral
activation (both the percentage area and the percentage change
in MR signal intensity of ROI) were found between IBS patients
and controls. In IBS patients, there was significantly greater
area of ROI of the PFC with 120 ml distention than with other
volume distention. Conversely, in control subjects there was
no significant increase in activation of these areas with 120 ml
distention compared with others. Furthermore, at 120 ml rectal
distention, there was significantly greater activation of the IC,
PFC, and THAL in patients with IBS than in control subjects.
In summary, by a variety of measures, it is possible that IC
and PFC responses to visceral pain in IBS are greater than that
in controls.
There were several studies about the CNS activity in
response to visceral stimulation by using PET and fMRI, but
the results differed. Silverman[20] found a lack of activation within
the ACC or PFC with nonpainful stimuli, and reported activation
of PFC in response to rectal pain only in IBS and the ACC only
in normal subjects. In contrast, more recently Mertz[23], using
fMRI, observed that pain led to a greater activation of the ACC
than nonpainful stimuli. In Bernstein’s[42] study, they also found
that normal controls and subjects with IBD and IBS shared
similar loci of activations to visceral sensations of stool and pain.
A significantly higher percentage of pixels activated in the
anterior cingulate gyrus over both pain and stool conditions for
the control group than for the IBS group and for the IBS group
than for the IBD group (P<0.035). In another study, Bonaz et al
revealed significant deactivations within the right insula, the right
amygdala, and the right striatum[7]. There were gender differences
in cortical representation of rectal distension in healthy humans.
Male subjects showed localized clusters of fMRI activity
primarily in the sensory and parietooccipital regions, whereas
female subjects also showed activity in the anterior cingulate
and insular regions[43]. Thus, somatic and visceral sensation
including pain perception can be studied noninvasively in
humans with functional brain imaging techniques. Positron
emission tomography and functional magnetic resonance
imaging have identified a series of cerebral regions involved
in the processing of somatic pain, including the anterior
cingulate, insular, prefrontal, inferior parietal, primary and
secondary somatosensory, and primary motor and premotor
cortices, the thalamus, hypothalamus, brain stem, and
cerebellum [44]. Experimental evidence supports possible
specific roles for individual structures in processing the various
dimensions of pain[44].
In conclusion, our data conform that fMRI is an objective
brain imaging technique to measure the change in regional
cerebral activation exactly. Using fMRI, some patients with
IBS could be detected having visceral hypersensitivity in
response to painful rectal balloon-distention. In this study, IC
and PFC of IBS patients are the major loci in CNS processing
of visceral perception.
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Abstract
AIM: To determine the clinical, radiographic and laboratory
characteristics, diagnostic methods, and therapeutic variables
in immunocompetent patients with tuberculosis (TB) of the
pancreas and peripancreatic lymph nodes.
METHODS: The records of 16 patients (6 male, 10 female;
mean age 37 years, range 18-56years) with tuberculosis of
the pancreas and peripancreatic lymph nodes from 1983 to
2001 in the Southwest Hospital were analyzed retrospectively.
In addition, 58 similar cases published in Chinese literature
were reviewed and summarized. We reviewed the clinical,
radiographic and laboratory findings, diagnostic methods,
therapeutic approaches, and outcome in the patients. Criteria
for the diagnosis of pancreatic tuberculosis were the presence
of granuloma in histological sections or the presence of
Mycobacterium tuberculosis DNA by polymerase chain
reaction (PCR).
RESULTS: Predominant symptoms consisted of abdominal
nodule and pain (75 %), anorexia/weight loss (69 %),
malaise/weakness (64 %), fever and night sweats (50 %),
back pain (38 %) and jaundice (31 %). Swelling of the
head of the pancreas with heterogeneous attenuation echo
was detected with ultrasound in 75 % (12/16). CT scan
showed pancreatic mass with heterogeneous hypodensity
focus in all patients, with calcification in 56 % (9/16)
patients, and peripancreatic nodules in 38 % (6/16)
patients. Anemia and lymphocytopenia were seen in 50 %
(8/16) patients, and pancytopenia occurred in 13 % (2/
16) patients. Hypertransaminasemia, elevated alkaline
phosphatase (AP) and GGT were seen in 56 % (9/16)
patients. The erythrocyte sedimentation rate (ESR) was
elevated in 69 % (11/16) cases. Granulomas were found
in 75 % (12/16) cases, and in 38 % (6/16) cases caseous
necrosis tissue was found. Laparotomy was performed in
75 % (12/16) cases, and ultrasound-guided fine needle
aspiration (FNA) was done in 63 % (10 of 16). The most
commonly used combinations of medications were
isoniazid/rifampin/streptomycin (63 %, n=10) and
isoniazid/rifampin pyrazinamide/streptomycin or ethambutol
(38 %, n=6). The duration of treatment lasted for half or
one year and treatment was successful in all cases. The
characteristics of 58 cases from Chinese literature were
also summarized.

CONCLUSION: Tuberculosis of the pancreas and
peripancreatic lymph nodes should be considered as a
diagnostic possibility in patients presenting with a pancreatic
mass, and diagnosis without laparotomy is possible if only
doctors are aware of its clinical features and investigate it
with appropriate modalities. Pancreatic tuberculosis can be
effectively cured by antituberculous drugs.
Xia F, Poon RTP, Wang SG, Bie P, Huang XQ, Dong JH.
Tuberculosis of pancreas and peripancreatic lymph nodes in
immunocompetent patients: experience from China. World J
Gastroenterol 2003; 9(6): 1361-1364

http://www.wjgnet.com/1007-9327/9/1361.asp

INTRODUCTION
Tuberculosis (TB) is a potentially systemic disease that can
infect any organ and system. It was a prevalent disease in the
developing countries about 50 years ago, but its incidence has
been controlled with the availability of effective antituberculous drugs. However, the last decade has witnessed a
rise in the incidence of tuberculosis even in developed
countries. In the United States, the Centers for Disease Control
reported that the incidence of TB was significantly greater in
1994 than in 1985 [1]. Nowadays, TB is often an acquired
immune deficiency syndrome (AIDS)-defining illness in
individuals found to be human immunodeficiency virus (HIV)
antibody-positive; however, it can still cause a devastating
disease in immunocompetent hosts[1, 2]. In China, there is a
revival trend in the incidence of TB although AIDS remains
uncommon nationally.
Abdominal infection with tuberculosis commonly affects
the spleen, liver, and ileocecal region [2,3] . Pancreatic
tuberculosis is an extremely rare disease, especially when it is
isolated in the pancreas. There were a few case reports
published before in literature, but its clinical characteristics
remain unclear[4-6]. In this retrospective study, we reported 16
patients with TB of the pancreas and peripancreatic lymph
nodes, and summarized the clinical features of 58 similar cases
in the Chinese language literature where the HIV antibody
status of the patients was either negative or not stated. The
clinical, radiographical and laboratory findings, diagnostic
methods, therapeutic approaches, and outcome in patients in
an endemic area were reviewed in this study.
MATERIALS AND METHODS
The records of 16 patients who were admitted to Hepatobiliary
Surgery Center, Southwest Hospital, Third Military Medical
University, Chongqing, China with TB of the pancreas and
peripancreatic lymph nodes between 1983 and 2001 were
reviewed. The clinical, radiographic and laboratory findings,
diagnostic methods, therapeutic approaches, and outcome in
these patients were summarized. Ten patients were screened
for anti-HIV antibodies. Criteria for the diagnosis of pancreatic
TB were (1) paraffin-embedded tissues with granuloma or (2)
the presence of Mycobacterium tuberculosis DNA by
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polymerase chain reaction (PCR). IS 6110-specific primers,
which could amplify all M. tuberculosis complex strains, were
used for amplification. In addition, all available bacteriological
and histological studies were performed to confirm the
diagnosis. The clinical and laboratory features of patients were
collected from the casebooks. Details of follow-up were
obtained from medical records. In addition, 58 similar cases
published in the Chinese literature were also reviewed and
summarized.

RESULTS
A total of 16 patients with TB of the pancreas and peripancreatic
lymph nodes had been documented. Six patients were male
and 10 were female, with a mean age of 37 years (range 18-56
years). Eight patients had predisposing factors. Six patients
had a history of pulmonary TB or TB of lymph nodes, one had
diabetes mellitus, and one had connective tissue disease.
Presenting symptoms and physical findings
Predominant symptoms consisted of fever, abdominal pain,
abdominal nodule, back pain, jaundice, malaise/weakness,
anorexia/weight loss and night sweats. In twelve patients with
abdominal nodule and pain, eleven had anorexia/weight loss,
ten had malaise/weakness, eight had fever and night sweats,
six had back pain, and five had jaundice.
Fever, usually the intermittent type, was present in eight
patients. The mean duration of fever prior to the diagnosis
was 23 days (range 11-35 days).
Radiographic findings
Chest X-rays revealed relic of TB focus in 8 patients, 6 with
pneumonitis. All of the patients had been examined with
ultrasound and computed tomography (CT) scan. Twelve
patients showed swollen head of the pancreas with ultrasound
image of heterogeneous attenuation echo. Four patients were
demonstrated to have inner heterogeneous attenuation echo in
head or body of the pancreas. CT scan showed pancreatic mass
with heterogeneous hypodensity focus in all of the patients,
with calcification in 9 of 16 patients, and peripancreatic nodules
in 6 of 16 patients (Figures 1, 2 and 3). Endoscopic retrograde
cholangiopancreatography had been performed for 12 cases,
and 2 cases had pancreatic duct dilatation. Magnetic resonance
imaging and digital subtraction angiogram had been done for
6 patients, and the results showed pancreatic nodules and/or
peripancreatic mass.
Tuberculin skin test
Tuberculin skin test was performed on 9 patients before
initiation of therapy. Four in 9 were positive ( 10 mm of
induration) to 5TU of intradermally purified protein derivative
(PPD).
Haematology and biochemistry
In 8 patients, anemia and lymphocytopenia were seen.
Pancytopenia occurred in 2 patients. Hypertransaminasemia,
elevated alkaline phosphatase (AP) and GGT were seen in 9
patients, respectively. The erythrocyte sedimentation rate
(ESR) was elevated in 11 cases.
Results of smears and mycobacterial cultures
Secretions and body fluids were examined microscopically and
cultured in 9 patients. Acid-fast bacilli were demonstrated in 1
case, and cultures for M. tuberculosis were positive in 4 out of
9 specimens tested. Anti-TB drug susceptibility was studied
in 4 patients, and two M. tuberculosis strains were sensitive to
the major anti-TB drugs including isoniazid (INH), rifampin
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(RMP), pyrazinamide (PZA), streptomycin (SM), and
ethambutol (EMB). The other 2 cases were not sensitive to
rifampin, isoniazid and streptomycin, respectively.

Figure 1 Mass with heterogeneous hypodensity located in the
head of pancreas. The body and tail of the pancreas appeared
atrophy, and with enlarged main pancreatic duct.

Figure 2 Pancreas appeared swollen diffusely with heterogeneous enhancement and vague margin. A circle lymph nodes
showed enhancement under pancreas.

Figure 3 Calcification of pancreatic TB occurred under the body
of the pancreas and retroperitoneal lymph nodes.

Biopsy data
Granuloma was found in 12 cases among specimens harvested
from the pancreas and peripancreatic nodule by laparotomy
(12 of 16) and ultrasound-guided fine needle aspiration (FNA)
(10 of 16). Caseous necrosis tissue was found in 6 of 16 cases,
and results of smears showed that there were Langhans’ giant
cells, epithelioid cells and lymphocytes. Seven of the 16
patients had combined TB in the liver, bile duct or spleen.
Initial diagnosis
Eleven of 16 patients were initially given a diagnosis of
pancreatic tumor. The diagnosis of pancreatic TB had been
firstly confirmed for only three of 16 cases. Another three cases
were diagnosed with retroperitoneal tumor.

Xia F et al. Tuberculosis of pancreas in immunocompetent patients

Treatment regimen and outcome
Biopsy and/or FNA were done for all of the patients. Twelve in
16 cases received laparotomy. In one case, cholangiojejunostomy
was performed for CBD obstruction, and in another two cases
splenectomy was performed for splenic tuberculosis. All 16
patients received treatment with antituberculotics for TB. The
most commonly used combinations were INH/RMP/SM
(n=10) and INH/RMP/PZA/SM or EMB (n=6). The therapeutic
duration lasted for a half or one year.
Twelve patients received follow-up from a half to 14 years.
No recurrence of TB was found in the pancreas or other organs.
In 11 patients, follow-up CT scans in abdomen were available.
Resolution was complete in all patients. The mean time to
resolution was 132 days (range 78-186 days).
Literature review
A total of 58 cases of pancreatic TB have been described in
the Chinese language literature[7-17]. Fifteen of the 58 patients
were stated to be HIV antibody-negative, and the HIV status
of the other patients was not confirmed. All of the 58 patients
were diagnosed by histological appearance being consistent
with characteristics of tuberculosis, or positive organisms by
acid-fast staining, culture of Mycobacterium tuberculosis or
PCR analysis. Twenty patients were male and 36 were female,
with a mean age 43.5 years (from 14 to 73). The main
symptoms were epigastric pain and discomfort (37 cases),
fever (31 cases), weight loss (23 cases) and anorexia (21
cases). The other unusual symptoms included malaise/
weakness (11 cases), back pain (9 cases), nausea/vomiting
(8 cases), jaundice (6 cases), night sweats (6 cases), upper
gastrointestinal bleeding (3 cases), cough (3 cases) and
diarrhea (1 case). The duration of symptoms prior to
presentation ranged from 5 days to 5 months (mean 2.6
months). Thirteen cases gave a past history of TB pneumonia
(10 cases) and TB lymph nodes (3 cases). The appearance of
the chest X-ray was reported in 49 cases. There was relic of
TB focus in 14 patients, 9 with pneumonitis. 34 patients
received tuberculin skin testing, of which 21 were positive.
Single or multiple modalities of investigation were performed
for the patients. Ultrasound revealed pancreatic mass in 38
cases and failed to do so in another 9 cases. Abdominal CT
scan was used in 41 cases and reported pancreatic mass and/
or peripancreatic nodules in all cases. MRI was performed in
19 cases and also showed a mass in all instances. ERCP found
abnormalities with CBD and pancreatic duct in 7 cases.
Abdominal X-ray showed focal calcification in 6 cases and
DSA located a mass in 4 cases. Ultrasound-guided fine needle
aspiration was performed in 21 cases and was successful in
diagnosis in 14 cases. Laparoscopic biopsy was performed
in 7 cases and confirmed diagnosis in all cases. Fifteen
patients had combined TB in other organs.
The initial diagnoses included pancreatic tumor (35),
chronic pancreatitis (7), retroperitoneal tumor (5), acute
pancreatitis (4) and pancreatic TB (3). Thirty-nine patients
underwent laparotomy, 24 for biopsy, 12 for FNA, 5 for pus
cavity draining, 4 for choledochojejunostomy, 2 for
pancreatoduodenectomy, and 1 for celiac ganglia resection.
Pathological report showed granuloma in 27 patients. Acid-fast
bacilli were demonstrated in 14 of 27 cases, and cultures for M.
tuberculosis were positive in 8 out of 19 specimens tested.
The treatment details were given in 41of 58 cases. The
common agents were isoniazid, rifampicin, streptomycin,
pyrazinamide and ethambutol. Combinations of 3 or 4 drugs
were used for 36 patients. The duration of treatment was
recorded in 28 cases, ranging from 3 to 12 months. 24 patients
were reported to have resolution after treatment for 3 to 12
months. One death was reported among the 58 cases.
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DISCUSSION
We have presented a description of a series of 16 cases with
tuberculosis of the pancreas and peripancreatic lymph nodes
in immunocompetent patients. Having reviewed Chinese
literature we found 58 similar cases and summarized their
clinical findings. Pancreatic TB is extremely rare. Diagnosis
remains difficult for most of the patients, and it is especially
difficult to differentiate pancreatic TB from pancreatic tumor.
Our series and review of Chinese literature revealed several
clinical characteristics as follows: (1) pancreatic TB is mostly
suffered by young people, with a predominance of female over
male. In contrast, pancreatic tumor is common in old people;
(2) some patients have a history of TB in past, and most of
them come from areas with high prevalence of active
tuberculosis; (3) the patients often present with epigastric pain,
fever and weight loss; (4) ultrasound and CT scan show
pancreatic mass and peripancreatic nodules, sometimes with
focal calcification; (5) FNA and laparoscopic biopsy are the
diagnostic procedures of choice for patients with a high
suspicion of pancreatic TB. It can lead to confirmed diagnosis
and hence avoids laparotomy. Treatment using combination
of 3 or 4 antituberculous drugs is effective for most patients.
However, attention should be paid to the possibility of drug
resistance to some agents that have being used for a long time.
Recently, the incidence of tuberculosis is increasing[1-6].
Cases of pancreatic TB are being reported with increasing
frequency, too[18-22]. The reasons may be related to evolutionary
changes in the biology of the mycobacterium, drug resistance,
and new populations with immunological deficits. Cases related
to acquired immunodeficiencies, AIDS or immunosuppression
for transplantation have been reported more frequently. Jenney
et al. had reviewed English language literature before 1998. A
total of 37 cases of pancreatic TB in patients not stated to be
HIV antibody-positive was found[23]. The authors concluded
that it was important to consider the diagnosis of TB when a
patient presented with epigastric pain, fever and weight loss
and a mass lesion in the pancreas by diagnostic imaging. Three
forms of mycobacterial infection of the pancreas have been
described as follows: (1) generalized (military) tuberculosis,
in which Mycobacterium tuberculosis is the agent; (2) spread
to the pancreas from celiac and other retroperitoneal lymph
nodes, in which Mycobacterium bovis is the main agent to be
considered; (3) primary localized pancreatic tuberculosis due
to Mycobacterium tuberculosis, which may reflect a point of
origin from the intestinal tract[24-32].
In conclusion, tuberculosis of the pancreas and peripancreatic
lymph nodes in immunocompetent patients is rare and could
present a diagnostic challenge. However, if doctors are aware
of its clinical features and conduct appropriate investigations
with multiple modalities including CT scan and ultrasoundguided FNA or laparoscopic biopsy, diagnosis of pancreatic
tuberculosis without laparotomy is possible and the disease
can be effectively treated with antituberculous drugs.
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Abstract
AIM: To estimate the age-specific prevalence of anti-ulcer
drug use and to calculate the usage of different anti-ulcer
drugs over 5 years within the universal health insurance
program in Taiwan area.
METHODS: The National Health Insurance Research
Database in Taipei supplied the cohort data sets of 200 000
people. The ambulatory and inpatient claims of the cohort
from 1997 to 2001 were analyzed. The anti-ulcer drugs
included all drug items of the group A02B (drugs for
treatment of peptic ulcer) in the Anatomical Therapeutic
Chemical classification system (version 2000). The amount
of drug usage was measured in unit of defined daily dose.
RESULTS: Among the totally 13 034 393 visits with 56 672 631
ambulatory prescription items, there were 398 150 (0.7 %)
prescribed items of anti-ulcer drugs in 378 855 (2.9 %)
visits. Among the 107 649 admissions with 5 762 312
inpatient prescription items, there were 24 598 (0.4 %)
prescribed items of anti-ulcer drugs in 11 548 (10.7 %)
admissions. The annual prevalence of anti-ulcer drug use
was 9.6 % in 1997, 11.6 % in 1998, 15.4 % in 1999, 14.5 %
in 2000, and 15.9 % in 2001 respectively. The 5-year
prevalence was 36.1 %. The age-specific prevalence among
the people younger than 20 years was 9.2 % in 2001 and
23.7 % during the 5-year period. Cimetidine not only was
the most popular ingredient among anti-ulcer drugs (57 634
cimetidine users in 70 729 all anti-ulcer drug users during
the 5-year period) but also had the largest prescribed amount
(42.3 % of DDDs for all anti-ulcer drug users during the 5year period). The annually prescribed amount of anti-ulcer
drugs had grown from 4.9 DDDs/1000 inhabitants/day in
1997 to 7.5 in 2001. This increase was largely attributed to
H2-receptor antagonists and the expanding number of users.
CONCLUSION: Prescribing of anti-ulcer drugs is indeed
popular among the Chinese population in Taiwan area. The
disproportionate use of anti-ulcer drugs by children demands
further investigation.
Chen TJ, Chou LF, Hwang SJ. Prevalence of anti-ulcer drug use in
a Chinese cohort. World J Gastroenterol 2003; 9(6):1365-1369
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INTRODUCTION
In the past three decades, the invention of several revolutionary

anti-ulcer drugs, e.g. H 2-receptor antagonists, synthetic
prostaglandins, proton pump inhibitors, and cytoprotective
agents, has changed the physicians’ treatment patterns in
gastroenterology and greatly improved the ulcer-healing rate
of patients with peptic ulcer disease[1-6]. In spite of effectiveness
and popularity, the cost of these drugs has also aroused concern
in the health care systems of developed countries[7-11]. The concern
has been aggravating in recent years because of expanding use of
proton pump inhibitors in treating gastroesophageal reflux disease.
Although prescribing of these potent acid-suppressing drugs is
popular, their patterns of utilization have been infrequently
documented in national surveys[12-21].
In Taiwan area, a single and universal health insurance
program started in 1995 and covered nearly all inhabitants
(21 653 555 beneficiaries at the end of 2001)[22]. The prescription
drug benefits are included in the insurance. Because all claims
data for the reimbursement purpose are in electronic form and
available to researchers, we can perform a survey of anti-ulcer
drug use among the Chinese population in Taiwan area.
The aims of this study were twofold: to estimate the agespecific prevalence of anti-ulcer drug use and to calculate the
usage of different anti-ulcer drugs over 5 years within the
universal health insurance program in Taiwan area. The strengths
of our study were to use the longitudinal data sets of a
representative cohort of 200 000 people and to adopt the unit of
international standards in measuring the anti-ulcer drug usage.

MATERIALS AND METHODS
Data sources
We obtained 4 cohort data sets (R01-4) from the National Health
Insurance Research Database (NHIRD; http://www.nhri.org.tw/
nhird/) in Taipei in November 2002. The total 200 000 people
in these 4 cohort data sets had been randomly sampled from
23 753 407 people who were ever insured under the universal
health insurance program in Taiwan area from March 1, 1995
to December 31, 2000. Not every person of the cohort was
insured through the study period because of new birth, death,
immigration, and emigration. The cohort data sets contained
all insurance claims of 200 000 people from 1996 to 2001.
The structure of the insurance claim files had been described
in details in our previous study[23].
In the current study, we analyzed the ambulatory and
inpatient files of the cohort data sets from 1997 to 2001. Totally,
there were 13 034 393 visits, 56 672 631 ambulatory
prescription items, 107 649 admissions, and 5 762 312 inpatient
prescription items.
Besides, we obtained a complete file of 21 146 approved
drug items of Western medicine in Taiwan area from the web
site of the Bureau of National Health Insurance (BNHI; http:/
/www.nhi.gov.tw/; accessed January 12, 2002). Each drug of
different brand, strength and form was officially assigned a
unique code for use in the claims file. The BNHI also offered
a list of ATC codes (the Anatomical Therapeutic Chemical
classification system, version 2000)[24] for each drug item.
Study design
The anti-ulcer drugs in our study included all drug items of
the group A02B (drugs for treatment of peptic ulcer, renamed
to ‘drugs for peptic ulcer and gastroesophageal reflux disease’
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in 2002) in the ATC classification system. This group of drugs
has 5 subgroups of the fourth level: A02BA (H2-receptor
antagonists, H2RA), A02BB (prostaglandins), A02BC (proton
pump inhibitors, PPI), A02BD (combinations for eradication
of Helicobacter pylori), and A02BX (other drugs for treatment
of peptic ulcer, renamed to ‘other drugs for peptic ulcer and
gastroesophageal reflux disease’ in 2002). A total of 428 antiulcer drug items, including the original brands and generics,
have been registered in Taiwan area since 1995. Some drugs
might be no more available on the market or not reimbursable
by the insurance during the study period.
In estimating the age-specific prevalence of anti-ulcer drug
use, we first identified the people receiving anti-ulcer drug
items in each year. Because the number of people in the cohort
fluctuated during the study period, we calculated the number
of the denominator in each year by excluding those people
who were not insured at any time of that year. A person’s age
in a year was defined as the difference between her/his birthday
and the end of that year. In estimating the 5-year age-specific
prevalence from 1997 to 2001, we took December 31, 2001 as
the index date to calculate a person’s age.
In describing the distribution of anti-ulcer drug prescriptions
among the cohort, we calculated the number of recipients and
the total prescribed amount for each ingredient (ATC 5th level)
in each year. Supposed that the cohort did not take anti-ulcer
drugs before the base year of 1997, the number of new antiulcer drug users was additionally computed for each year after
1997. The prescribed amounts of anti-ulcer drugs were
measured in unit of defined daily dose (DDD) by ATC
classification system[24]. The original dose of each prescription
was converted to a number of DDDs according to the DDD of
the ingredient. Some anti-ulcer drugs (e.g. cetraxate,
urogastrone, and gefarnate) lacked either ATC codes or DDDs;
we used the most commonly prescribed daily doses as their
DDDs. For international comparison, the numbers of DDDs
per 1,000 inhabitants per day were also computed.

Statistical analysis
The database software of Microsoft SQL Server 2000 was used
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for data linkage and processing. The regular statistics were
displayed.

RESULTS
General information of the cohort
Among the 200 000-people cohort, only 195 971 people were
eligible during the 5-year study period. The other 4 029 people
who had dropped out of the insurance before 1997 would not
be included in the following analyses. The number of eligible
people varied from year to year (Table 1). There were more
men than women (100 257 vs. 95 654), and the status of sex
was unknown in 60 persons.
General information of anti-ulcer drug prescriptions
During the 5-year study period, 356 distinct anti-ulcer drugs
had existed in the cohort data sets. The drugs belonged to 18
ingredients of ATC 5th level. At the ambulatory sector, there
were 398 150 (0.7 %) prescribed items of anti-ulcer drugs in
378 855 (2.9 %) visits; at the inpatient sector, there were 24 598
(0.4 %) prescribed items in 11 548 (10.7 %) admissions.
Age specific prevalence of anti-ulcer drug use
In 1997, as high as 9.6 % (17 414/180 781) of eligible cohort
received anti-ulcer drugs. The percentage increased by twothirds to 15.9 % (29 181/183 976) in 2001. More than a
third (36.1 %) of the cohort had ever received anti-ulcer
drugs during the 5-year study period. Generally, the
prevalence of anti-ulcer drug use increased with age.
Another noteworthy finding was that anti-ulcer drugs had
been prescribed to an appreciable percentage of children
and adolescents (Table 1).
Recipients of anti-ulcer drugs by ingredient
Cimetidine was the most popular ingredient of anti-ulcer drugs
among the cohort, followed by sucralfate, ranitidine,
famotidine, omeprazole, pirenzepine, and lansoprazole (Table
2). The majority of new anti-ulcer drug users in each year were
also attributed to cimetidine.

Table 1 Age distribution of patients receiving anti-ulcer drugs and age-specific prevalence of anti-ulcer drug use from 1997
to 2001
1997

1998

1999

2000

2001

1997-2001

Sampling cohort
0 – 19 years

57388

56427

55448

54684

51029

52103

20 – 39 years

62613

63765

64848

65219

63800

69425

40 – 59 years

39809

41420

42922

44241

45432

47663

60 years and older

20971

21836

22489

23093

23715

26780

180781

183448

185707

187237

183976

195971

2965

3611

5171

4634

4712

12339

Total
Patients with anti-ulcer drugs
0 – 19 years
20 – 39 years

5345

6741

9249

8788

9673

23741

40 – 59 years

4933

6213

8277

8113

8664

20166

60 years and older

4172

4787

5905

5643

6132

14483

17415

21352

28602

27178

29181

70729

Total
Prevalence of anti-ulcer drug use
0 – 19 years

5.2 %

6.4 %

9.3 %

8.5 %

9.2 %

23.7 %

20 – 39 years

8.5 %

10.6 %

14.3 %

13.5 %

15.2 %

34.2 %

40 – 59 years

12.4 %

15.0 %

19.3 %

18.3 %

19.1 %

42.3 %

60 years and older

19.9 %

21.9 %

26.3 %

24.4 %

25.9 %

54.1 %

9.6 %

11.6 %

15.4 %

14.5 %

15.9 %

36.1 %

Total
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Table 2 Recipients of anti-ulcer drugs by main ingredient from 1997 to 2001 (number of new users in parentheses)
ATCa coding

Group/ingredient name

A02BA

H2 RA

1997

1998

1999

2000

2001

1997-2001

01 Cimetidine

11538

15793 (11340)

22905 (14525)

22356 (10564)

24305 (9667)

57634

02 Ranitidine

1588

1852 (1482)

2262 (1757)

2283 (1611)

2579 (1802)

8240

03 Famotidine

974

1143 (953)

1401 (1113)

1526 (1216)

1669 (1232)

5488

04 Nizatidine

187

255 (221)

295 (236)

199 (157)

137 (108)

909

06 Roxatidine

89

98 (82)

87 (76)

83 (67)

97 (80)

394

145 (129)

156 (135)

150 (112)

88 (68)

572

A02BB Prostaglandins
01 Misoprostol

128

A02BC PPIS
01 Omeprazole

709

02 Pantoprazole

-

03 Lansoprazole

151

04 Rabeprazole

-

913 (807)

1168 (990)

1150 (917)

1445 (1156)

1(1)

84 (84)

147 (133)

273 (255)

4579
473

391 (365)

531 (459)

647 (537)

785 (643)

2155

-

-

-

31 (31)

31

A02BX Other drugs
01 Carbenoxolone

260 (219)

337 (271)

155 (105)

199 (164)

02 Sucralfate

3463

3192 (2510)

3107 (2301)

2390 (1506)

2173 (1390)

03 Pirenzepine

1046
11170

1177

1197 (937)

1181 (857)

731 (454)

625 (351)

3776

05 Bismuth subcitrate

329

299 (266)

271 (223)

173 (141)

142 (111)

1070

06 Proglumide

113

61 (53)

36 (34)

3 (3)

8 (5)

07 Gefarnate

248

295 (270)

416 (363)

326 (265)

203 (161)

- Cetraxate

356

101 (81)

72 (59)

48 (40)

41 (37)

573

- Urogastrone

192

46 (34)

42 (32)

14 (12)

6 (5)

275

21352 (14423)

28602 (16611)

27178 (11660)

29181 (10622)

Total
a

287

17415

208
1307

70729

ATC=Anatomical therapeutic chemical classification system.

Table 3 Total prescribed amount of anti-ulcer drugs by main ingredient from 1997 to 2001 (unit of measurement: numbers of
defined daily doses [DDDs])
ATCa coding

Group/ingredient name

1997

1998

1999

2000

2001

A02BA

H2 RA
01 Cimetidine
02 Ranitidine
03 Famotidine
04 Nizatidine
06 Roxatidine

114145
57329
33366
8943
3493

151403
62357
40063
12304
3057

221528
69780
51198
12282
3215

198255
69954
52852
8269
2847

221836
88034
53108
5305
4460

01 Misoprostol

2244

3649

5594

4534

1941

26635
5840
-

33587
14
14276
-

46429
2593
19624
-

43589
4845
24860
-

57193
9276
31023
864

5708
26172
7575
7999
1010
14379
4072
5067
323976
297213
26764
4.9

4164
20170
7378
6104
459
17859
1254
1272
379370
355837
23532
5.7

4768
15942
5925
5213
198
26568
849
1151
492856
465326
27530
7.3

1945
10960
3868
2686
12
16682
615
232
447005
420144
26861
6.5

1918
9898
3942
2754
31
8972
657
32
501243
470924
30319
7.5

A02BB Prostaglandins
A02BC PPIS
01 Omeprazole
02 Pantoprazole
03 Lansoprazole
04 Rabeprazole
A02BX Other drugs
01 Carbenoxolone
02 Sucralfate
03 Pirenzepine
05 Bismuth subcitrate
06 Proglumide
07 Gefarnate
- Cetraxate
- Urogastrone
Total
Ambulatory sector
Inpatient sector
DDDs / 1000 inhabitants / day
a

ATC=Anatomical therapeutic chemical classification system.
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DDDs/1000 inhabitants/day

Total prescribed amounts of anti-ulcer drugs
Measured in unit of DDDs, cimetidine again had the largest
prescribed amount (42.3 %) of all anti-ulcer drugs among the
cohort during the 5-year study period (Table 3). It was then
followed by ranitidine (16.2 %), famotidine (10.8 %),
omeprazole (9.7 %), and lansoprazole (4.5 %). The majority
of anti-ulcer drugs were used at the ambulatory sector (93.7 %
of total DDDs).
The total prescribed amount of anti-ulcer drugs grew from
4.9 DDDs/1 000 inhabitants/day in 1997 to 7.5 in 2001 (Table
3). This increase was attributed to the expanded number of
users because the average prescribed amount of anti-ulcer
drugs per user in a year remained relatively stable (18.7±54.8
DDDs in 1997, 17.9±41.0 in 1998, 17.3±51.0 in 1999, 16.5±40.5
in 2000, and 17.3±40.8 in 2001).
On the other hand, H2-receptor antagonists and proton
pump inhibitors had contributed to the growth of the total
prescribed amount of anti-ulcer drugs during the study period
(Figure 1). While H2-receptor antagonists had the largest share
of growth, proton pump inhibitors had the highest growth rate.
In the meantime, the usage of prostaglandins had remained
stable, but other drugs for treatment of peptic ulcer had fewer
users and smaller prescribed amount totally.
6
5
H2-receptor antagonists

4

Prostaglandins

3

Proton pump inhibitors

2

Other drugs

1
0

1997

1998

1999

2000

2001

Year

Figure 1 Trend of total prescribed amount of anti-ulcer drugs
by pharmacological subgroups from 1997 to 2001.

DISCUSSION
To the best of our knowledge, our study might be one of the
few reports that surveyed the anti-ulcer drug use in the Chinese
population. Only with the computerization of insurance
reimbursement, pharmacoepidemiological studies of such a
large scale could be feasible. Besides, the person-based
sampling in our study could estimate both the total amount
and prevalence of drug use among the population.
Our study revealed that prescribing of anti-ulcer drugs was
indeed popular in Taiwan. Nearly a sixth of the population
received anti-ulcer drugs covered by the health insurance in
2001 and more than a third of the population had been exposed
to such drugs during the 5 years. But the total usage of antiulcer drugs in Taiwan was not high in international comparison.
According to the statistics of the OECD (Organization for
Economic Co-operation and Development), 8 countries supplied
their national consumption of anti-ulcer drugs in 1998: Australia
(38.8 DDDs/1 000 inhabitants/day), Sweden (29.0), Iceland
(28.1), Denmark (16.5), Norway (16.0), Czech Republic (13.1),
Finland (12.4), and Slovakia (8.7)[25]. In contrast, Taiwan had
only 5.7 DDDs/1 000 inhabitants/day of anti-ulcer drugs in the
same year. However, the statistics has not been adjusted by age.
In the 1990s, the developed countries experienced a drastic
increase of anti-ulcer drug consumption since the introduction
of proton pump inhibitors. For example, the national
consumption of anti-ulcer drugs in Sweden increased from 9.2
DDDs/1 000 inhabitants/day in 1990 to 34.4 in 2000[25]. During
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the 5 years of our study, a growing trend of anti-ulcer drugs
was also observed in Taiwan. But the increase was largely
attributed to H2-receptor antagonists and expanding user group.
The explanation might be that the reimbursement policy of
the health insurance in Taiwan limited the use of expensive
proton pump inhibitors on the one hand and loosened the
regulation over the much cheaper generics of H2-receptor
antagonists on the other hand.
While overuse of proton pump inhibitors has become a
research topic[26,27], our study found that at least the children in
Taiwan might be disproportionately exposed to anti-ulcer
drugs. Because children were generally not able to receive
upper gastrointestinal endoscopy, their use of anti-ulcer drugs
could be seldom justified. It demanded further studies to
explore such a situation in Taiwan.
Our study with insurance claims in Taiwan had some
limitations. At first, the drug use outside the insurance was not
included in the analysis. However, the majority of anti-ulcer
drugs, including the low-dose cimetidine, were prescriptiononly drugs in Taiwan. Besides, the compulsory health insurance
covered nearly all inhabitants in Taiwan and reimbursed most
prescription-only drugs. The use of anti-ulcer drugs at the
private market should be of a less significant scale.
Secondly, the actual duration of drug treatment was not
computed in our study because of missing dosage frequency
in the inpatient files of the NHIRD data sets. Instead, we
calculated the cumulated numbers of DDDs for each person
as a proxy of treatment duration. But the DDD is arbitrarily
set for trend and international comparisons. It does not consider
the dosing at the specific conditions of children, elderly, and
other risk groups. However, our data showed that the yearly
amount of anti-ulcer drugs per user was low on average. It
might be inferred that most people took anti-ulcer drugs only
for a short term.
Thirdly, the purpose of cohort data sets in the NHIRD was
to trace a cohort retrospectively and prospectively. The people
of the cohort were chosen in 2000 and it was planned to follow
them up continuously in the next years. Thus, the data sets of
2001 did not include anyone born after December 31, 2000.
The denominator in 2001 should be smaller than the actual
number of people and the prevalence correspondingly became
a little overestimated.
Finally, we did not analyze the distribution of diagnoses in
our study because a claims diagnosis served for the purpose of
reimbursement and was seldom verified. The NHIRD data sets
did provide the information whether the patients had received
the endoscopic or radiological examinations of upper
gastrointestinal tract. But no laboratory findings were routinely
transmitted to the insurer in electronic form. Conventional
epidemiological surveys are still needed to understand the
prevalence of peptic ulcer and gastroesophageal reflux disease
in Taiwan.
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Abstract
AIM: To explore the role and significance of costimulatory
molecules B7H1,B7H2 and ICOS within tissues of human
gastric carcinoma and the possible mechanisms in tumor
escape.
METHODS: mRNA expressions of costimulatory molecules
including B7H1,B7H2,ICOS and B7-1 in tissues of human
gastric carcinoma were investigated by in situ hybridization
using digoxigenin-labeled oligonucleotide-probes. The tissue
of chronic gastric ulcer was used as a control. All data were
analyzed by SPSS statistic software.
RESULTS: At the site of gastric carcinoma, mRNA
expression levels of B7H1, B7H2 and ICOS were much
higher than that of B7-1. Their mRNA positive expression
indexes were 0.512±0.333, 0.812±0.454, 0.702±0.359 and
0.293±0.253, respectively. The positively stained cells were
mainly tumor infiltrating lymphocytes (TILs), and some
tumor cells. The difference between them was greatly
significant P<0.005. The mRNA expression levels of four
molecules were not correlated to the pathological grade
and matastasis of gastric carcinoma.
CONCLUSION: ICOS-B7H costimulatory pathway may be
predominant at the site of gastric carcinoma. B7-1mRNA
might be the basis of ICOS-B7H interaction. ICOS-B7H
interaction induces the production of IL-10 which inhibits
the antitumor immune responses. Therefore, it is supposed
that ICOS-B7H costimulatory pathway may be involved in
the negative regulation of cell-mediated immune responses.
Chen XL, Cao XD, Kang AJ, Wang KM, Su BS, Wang YL. In situ
expression and significance of B7 costimulatory molecules within
tissues of human gastric carcinoma. World J Gastroenterol 2003;
9(6): 1370-1373
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INTRODUCTION
Tumor immunity is primarily cell-mediated. The tumor antigen
leads to anti-tumor immune response of the host. A body of
evidences have shown that the specific activation of

lymphocytes requires two signals; one is provided by T-cell
receptor complex coupled to CD3/MHC peptide antigen, and
the other is costimulatory signal delivered by interaction of
costimulatory molecules with their ligands expressed on
antigen presenting cells (APCs). In the absence of
costimulatory signals, antigen-MHC complex interaction may
lead to T-cell clonal anergy or deletion, and thus, the effective
cellular immune response can not be induced. Furthermore,
there are evidences that activation of lymphocyte subpopulation
with different function needs unique costimulation factors.
Therefore, investigation of costimulators on infiltrating
lymphocytes and tumor cells at the tumor site and of their
significance will be of great help in developing new methods
of anti-tumor immunotherapy. Cell-mediated immunity is the
main mechanism of anti-tumor immunity of the host. With
presentation of antigen recognization and deepening of the
understanding of activated T-cells, it is believed that in the
presence of costimulatory signals, effective anti-tumor immune
response presents tumor antigen multipeptide to T cells and
stimulates T-cell immune response. B7 is an important
costimulatory molecule. Most tumors lack or have a low
expression of B7-1, so they do not induce effective anti-tumor
immune response. The tumor cells escape from immune system
of the host and continue to grow[1-15]. Although many in vitro
experiments support this idea, in situ studies on human tumors
have shown that most tumor tissues express the B7-1 or B7-2
molecules. So the idea meets challenges. An in vitro study on
new members of B7 family - B7H1, B7H2 and ICOS suggested
that the role of ICOS-B7H costimulatory pathway stimulated
IL-10 production and induced secretion of Th2 type cytokines.
The present study was to explore the role and biological
significance of ICOS-B7H costimulatory signals and the
possible mechanisms in tumor escape, and to provide the
theoretical foundation for designing effective schemes of
immunotherapy of carcinoma.

MATERIALS AND METHODS
Patients
17 patients with gastric carcinoma (10 matastatic, and 7 nonmatastatic) and 6 patients with gastric ulcer were identified by
pathological diagnosis at the Department of Pathology, Second
Hospital of Xi’an Jiaotong University. The fresh tissue samples
were instantly fixed in 10 % formalin, and embeded in paraffin
according to routine procedures. Tonsil tissue served as a
positive control.
Main reagents
Digoxigenin (DIG)-labeling and detection kits were purchased
from Boehringer Mannheim Company in Germany. Solution
for in situ hybridization was mixed with diethyl pyrocarbonate
(DEPC) water. All apparatuses were baked at 180 for four
hours and DEPC water was digested with RNase.
Specimens
Sections (4-5 µm) cut from the tissue block were de-paraffined
in 65
oven for 24 hours and then stored at -70
until
being used.
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Labeling of oligonucleotide probes and detection of their
sensitivities
Labeling On the ice, 4 µl reaction buffer (vial 1), 4 µl CoCl2
solution (vial 2), 1 µl probe (100 pmol), 1 µl DIG-dUTP
solution (vial 2), 1 µl dATP solution (vial 4), 1 µl terminal
transferase (vial 5) and 8 µl DEPC water, were consecutively
added into an eppendorf tube, and carefully mixed and
incubated at 37
for 15 minutes. 2 µl stopping solution
(prepared by mixing 1 µl glycogen solution (vial 9) with 200
µl 0.2 mol/L EDTA solution) was added into the tube to stop
the labeling reaction. Then, 2.5 µl 4mol/L CrCl2 and 75 µl
pro-cold pure alcohol were added to deposit the labeled. After
the supernatants were drained out, the probe was washed with
50 µl 70 % pre-cold alcohol and dried with a frozen dry
machine, and stored at -20 until being used.
Detection of sensitivity Sensitivity of each probe was
measured by the detection kit following the manufacturer’s
instructions. The lowest concentration for positive staining was
1.25 pmol/ml. The oligonucleotide probe sequences were as
follow. B7-1 5’-CAT GAA GCT GTG GTT GGT TG-3’; B7H1
5’-TGC TTG TCC AGG TGA CTT CG-3’; B7H2 5’-CCA
TCG CTC TGA CTT CCT TC-3’; and ICOS 5’-TTC AGC
TGG CAA CAA AGT TG-3’.
Hybridization
Sections stored at -70 were recovered at room temperature,
deparaffined in dimethylbenzene, and hydrated in gradient
alcohol. They were digested in 0.5 µg/ml fresh proteinase K
solution at room temperature for 20 minutes, and fixed in 4 %
poly-formaldehyde for 20 minutes after digestion was stopped
in 0.2 % glycine, and then repeatedly rinsed with 1×PBS for
10 minutes. The sections were treated in 0.2N HCl solution at
room temperature for 10 minutes, rinsed with DEPC water for
in a
3 minutes; and dehydrated in gradient alcohol. At 42
bio-hybridization oven, all sections were pre-hybridized for 2
hours, and then hybridized for 20 hours. After hybridization,
they were rinsed with 2×SSC for two times,15 minutes each,
rinsed with 1×SSC for 30 minutes and finally with buffer I
solution (pH 7.5) for 6 minutes.
Detection
50 µl blocking reagent (containing 8 % normal goat serum,
0.3 % Triton X-100 buffer I) was instilled onto each section.
for one hour and a half,
The sections were incubated at 37
and then 30 µl anti-DIG-AP conjugate (1:500) was added onto
each section, and all sections were incubated at 37
for two
hours and rinsed with buffer I two times, 15 minutes each,
then rinsed with buffer III (100 mmol/L Tris-HCl, 100 mmol/
L NaCl and 50 mmol/L MgCl2, pH 9.5) for 5 minutes, and
stained with NBT-BCIP at 20
for 12 hours. Finally, the
reaction was stopped with buffer IV solution (10 mmol/L TrisHCl, and 1 mmol/L EDTA, pH 8.0), and the sections were
washed in running water, counterstained with methyl green,
dehydrated, cleaned in xylene and coverslipped.
Evaluation of results
Under a light microscope, positively hybridized signals were
mainly located in the infiltrating lymphocytes and colored
purple blue. Reactivity was scored using a semi-quantitative
method. First, each section was randomly scored one thousand
cells. The positive cell ratio in each section was calculated.
Then, according to the staining intensity of positive cells, results
were graded as following: intense 3+, moderate 2+,weak 1+
and negative, a score of 3, 2, 1, 0 was assigned respectively.
Finally, the positive cell ratio multiplied with staining intensity
score of the positive cells was regarded as positive index of
mRNA expression of costimulatory molecules.

1371

Control experiment
Expression of ICOS mRNA of the chronic tonsillitis
lymphocytes was regarded as a positive control. The results
were negative control when no probe was used.
Statistical anslysis
All data were expressed as x±s and analyzed by SPSS
statistic software. Differences in values were considered
significant if P<0.05.
RESULTS
mRNA expression of costimulatory molecules within tissues
of human gastric carcinoma
At the site of gastric carcinoma, positive cells for B7H1, B7H2,
ICOS were mainly tumor infiltrating lymphocytes (Figure 1).
Some positive cells were tumor cells. Their mRNA positive
expression indexes were 0.512±0.333, 0.812±0.454 and
0.702±0.359, respectively. B7-1 mRNA was expressed on
tumor cells and TILs (Figure 2), with a positive expression
index being 0.293±0.253. The mRNA expression levels of
B7H1, B7H2 and ICOS were significantly higher than that of
B7-1( all P<0.05).

Figure 1 B7H1 mRNA expression of tumor infiltrating lymphocytes (TILs) within tissues of human gastric carcinoma (In
situ hybridization, NBT-BCIP Staining, counterstained with
methyl green, ×1 000).

Figure 2 B7-1 mRNA expression of tumor infiltrating lymphocytes (TILs) within tissues of human gastric carcinoma (In
situ hybridization, NBT-BCIP Staining, counterstained with
methyl green, ×1 000).

Expression of costimulatory molecules in relation to
metastasis of gastric carcinoma
The expression levels of B7-1, B7H1, B7H2 and ICOS had no
statistical significance between metastasis and non-metastasis
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of gastric carcinoma (P>0.05), which suggested that
expressions of costimulatory molecules at tumor site were not
correlated to the metastasis of tumor.

Expression of costimulatory molecules in relation to
differentiation of gastric carcinoma
mRNA expression levels of B7-1, B7H1 and ICOS on infiltrating
lymphocytes at the tumor site was not significantly different
between well-differentiated and poorly-differentiated. However,
the expression level of B7H2 mRNA was significantly higher
in well-differentiated than in poorly-differentiated (1.040±0.400
vs 0.651±0.436, P=0.047). mRNA expression of B7-1 was
greatly lower than that of B7H1, B7H2 and ICOS in both welldifferentiated and poorly-differentiated gastric carcinoma which
might indicate that function of B7-1 was different from other
costimulatory molecules in gastric carcinoma.
Expression of costimulatory molecules in comparison
between gastric carcinoma and gastric ulcer
In the tissue of gastric ulcer, the expression levels of B7-1,
B7H1, B7H2 and ICOS on infiltrating lymphocytes were higher
than those in gastric carcinoma. But there was no difference in
the expression of B7H1, B7H2 and ICOS between the tissues
of gastric carcinoma and gastric ulcer except B7-1. The effect
of costimulators in the gastric ulcer was not clear.
DISCUSSION
Cell-mediated immunity is the main mechanism of antitumor
immunity of the host. With presentation of antigen identification
and deepening of the understanding of T-cells activated, it is
believed that in the presence of costimulatory signals, effective
antitumor immune response presents tumor antigen multipeptide
to T cells and stimulates T-cell immune response[16-18]. B7 is an
important costimulatory molecule. Most tumors lack or have
a low expression of B7-1, so they do not induce effective
antitumor immune response. The tumor cells escape from
immune system of the host and continue to grow. Though many
in vitro experiments support this idea, in situ studies on human
tumors have shown that most tumor tissues express the B7-1
or B7-2 molecules[19]. So the idea meets challenges.
The effective anti-tumor immune response requires three
factors, including immunogenicity, costimulatory signals and
Th1 type cytokines. In the past, it was emphasized that
cytokines or/antigen essence determined the classification of
immune responses. Generally, weak immunogenicity of tumor
cells primarily induced Th2 response[20]. In recent years, studies
on costimulatory signals in vitro have shown that different
costimulatory signals play a determinant role in immune
response type. There might be Th2 predominant costimulatory
signals in human tumor site. The present study has detected
mRNA expression of B7H1, B7H2 and ICOS within the tissue
of human gastric carcinoma, using in situ hybridization with
DIG-labeled oligonucleotide probes. The results suggest that
tumor infiltrating lymphocytes in tissue of gastric carcinoma
express high levels of recently discovered members of B7
costimulatory family, B7H1, B7H2 and ICOS[21-26]. Compared
with mRNA expression level of B7-1, difference was dramatically
significant. But mRNA expression levels of B7H1, B7H2 and
ICOS were not correlated to the pathological grade and
metastasis of gastric carcinoma. The experiments[27-35] in vitro
have verified that the interaction between B7h and ICOS
stimulates the proliferation of T-cells and production of Th2
cytokines, preferentially secretion of IL-10. This is probably
the main reason that Th2 cytokines may predominate at the tumor
immune- microenvironment of gastric carcinoma, and thus the
type of immune response shifts from Th1 to Th2. There was an
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increase of Th2 cytokine-IL-10 in tumor immunemicroenvironment of gastric carcinoma[36].
In this study, we have also observed the expression of B71 in the tissue of gastric carcinoma, and found that tumor
infiltrating lymphocytes (TIL) and tumor cells expressed low
gastric carcinoma levels of B7-1 mRNA. Now that there were
costimulatory molecules in the tissues of gastric carcinoma,
why did not the host produce the effective antitumor immune
response? With the further study of immunology and tumor
immunology, a new concept related to interaction between TIL
and tumor cells was introduced. That is the tumor
microenvironment. This theory supposes that immune system
of the host cannot eliminate tumors because there are many
inhibitors of tumor immunity at the site of tumor
microenvironment. For example, tumor cells produce TGF-β,
PGE2 and so on, which are accumulated at tumor site and
interfere with the activity of recruited immunocytes. Activated
immunosuppressive cells further augment the immunodepression mechanism in tumor microenvironment. In addition,
a recent study [27] has shown that B7-1 costimulation also
enhances the up-regulation effects of ICOS costimulation
which results in the increase of Th2 cytokines, preferentially
inducing the secretion of IL-10.
The present experimental results suggest that the tumor
infiltrating lymphocytes in the tissues of gastric carcinoma
express high levels of B7H1, B7H2 and ICOS mRNA. Some
tumor cells also express them but the expression levels are
low. This indicates that there are costimulatory signal pathways
in the site of gastric carcinoma. Since the interaction between
B7H1, B7H2 and ICOS stimulates proliferation of T cells by
various ways and induces secretion of IL-10. IL-10 is known
to be an immune inhibitor, which down-regulates function of
Th1 type cells, and inhibits antitumor immune response of the
body, and thus the body is in the state of immune inhibition.
Therefore, it is supposed that although interaction between
B7H1, B7H2 and ICOS delivers costimulatory signals to Tcells, promotes their activation, the effective antitumor
immunity can not be induced. Tumor cells can escape from
the immunosurveillance of the host and continue to grow. This
is due to the fact that many inhibitors at tumor site have blocked
the role of specifically activated T cells. As far as most tumors
are concerned, the host’s immunoreaction can not eliminate
the tumor because Th2 type response is stimulated, or it can
be recognized by immune system of the body. Maybe there
are other regulation mechanisms. The present study indicates
that costimulatory pathways might exist at the tumor site with
different functions. ICOS-B7h pathway is predominant and
plays an important role in negative regulation of cell-mediated
immune response. This finding might provide a new approach
for designing effective immune-therapy of carcinoma.
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LCAF group. Compared with CF radiotherapy, the 5-year
overall survival of 34 % versus 15 % was statistically
significant, the local control rate was 55 % versus 21 %[1].
However, the outcome of clinical T1-2 esophageal carcinoma
treated with LCAF has not been investigated extensively.
Therefore, we conducted a retrospective evaluation of clinical
T1-2 patients treated with LCAF.

Abstract

MATERIALS AND METHODS
Materials
From August 1994 to February 2001, 56 patients with clinical
T1-2N0M0 SCC of esophagus were treated by LCAF radiotherapy
in the Department of Radiation Oncology, Cancer Hospital,
Fudan University. All patients had detailed medical records.
Pretreatment evaluation generally included history and physical
examination, complete blood cell count, chest radiograph, chest
computed tomographic (CT) scan, esophageal barium
examination, ultrasonic examination for abdomen, including
liver, kidney, spleen, and retroperitoneal lymph nodes. All
patients were restaged according to the TNM classification of
the International Union Against Cancer (devised in 1997). The
patients’ eligibility for this study was as follows: (1) Primary
lesion was single, and a flat plane separating the esophageal
mass from the periesophageal structures was visible on all CT
sections. (2) Mediastinal and upper abdominal lymph nodes were
smaller than 5 mm on short-axis diameter. And (3) No
supraclavicular lymph nodes and distant metastasis. The patients’
clinical characteristics are listed in Table 1.

AIM: This retrospective study was designed to analyze the
results and the failure patterns of late course accelerated
hyperfractionated radiotherapy for clinical T 1-2 N 0 M 0
esophageal carcinoma.
METHODS: From Aug. 1994 to Feb. 2001, 56 patients with
clinical T 1-2 esophageal carcinoma received late course
accelerated hyperfractionated radiotherapy in Cancer Hospital,
Fudan University. All patients had been histologically proven
to have squamous cell carcinoma (SCC) and were diagnosed
to be T1-2N0M0 by CT scan. All patients were treated with
conventional fractionation (CF) irradiation during the first twothirds course of the treatment to a dose of about 41.4Gy/
23fx/4 to 5 weeks, Which was then followed by accelerated
hyperfractionation irradiation using reduced fields, twice daily
at 1.5Gy per fraction, to a dose about 27Gy/18 fx. Thus the
total dose was 67-70Gy/40-43fx/40-49 d.
RESULTS: The 1-, 3- and 5-year overall survival was 90.9 %,
54.6 %, 47.8 % respectively. The 1-, 3- and 5-year local
control rate was 90.9 %, 84.5 % and 84.5 %, respectively.
Twenty-five percent (14/56) patients had distant metastasis
and/or lymph nodes metastasis alone. Eight point nine percent
(5/56) patients had local disease alone. Another 3.6 % (2/
56) patients had regional relapse and distant metastasis.
CONCLUSION: Late course accelerated hyperfractionated
radiotherapy is effective on clinical T1-2 esophageal carcinoma.
The main failure pattern is distant metastasis.
Zhao KL, Wang Y, Shi XH. Late course accelerated
hyperfractionated radiotherapy for clinical T1-2 esophageal
carcinoma. World J Gastroenterol 2003; 9(6): 1374-1376
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INTRODUCTION
Surgery has been the main treatment method for clinical T1-2
esophageal carcinoma. But the treatment of upper thoracic
esophageal carcinoma is challenging. The intimate relationship
of the esophagus to the airway, arch of the aorta, and recurrent
laryngeal nerve poses special technical problems. Radiotherapy
is as effective as surgery, and preserves esophagus.
In 1988, Shi designed the schedule of late course accelerated
hyperfractionated radiotherapy (LCAF) on SCC of the
esophagus. The results were very encouraging. The 5-year
survival and local control rate were markedly improved in the

Table 1 Pretreatment characteristics
Characteristic
Age(years)
<65
65
Median
Range
Gender
Male
Female
T stage
T1
T2
Site
Cervical
Upper-thoracic
Middle-thoracic
Lower-thoracic
Length (cm)
5
>5
Median
Range
Thickness of wall (cm)
1.5
>1.5
Median
Range

n

%

30
26

53.6
46.4
59.5
40-74

41
15

73.2
26.8

2
54

3.7
96.3

2
19
34
1

3.6
33.9
60.7
1.8

25
31

44.6
55.4

5.8
2.0-9.0

42
14

75.0
25
1.2
0.5-2.7

Zhao KL et al. LCAF radiotherapy for clinical T1-2 esophageal carcinoma

RESULTS
Acute toxicities (RTOG)
The incidence of grade 1, 2, 3 and 4 of acute radiation-induced
bronchitis was 19.6 % (11/56), 17.9 % (10/56), 3.6 % (2/56),
and 1.8 % (1/56), respectively. The incidence of grade 1, 2, 3
and 4 of acute radiation-induced esophagitis was 25.0 % (14/56),
46.4 % (26/56), 10.7 % (6/56), and 0 % (0 cases), respectively.
Late complications (SOMA)
Three patients (53.6 %) developed grade 2 radiation-induced
late esophageal stenosis, and one patient (1.8 %) developed
grade 3 esophageal stenosis (the patient had required dilatation).
One patient (1.8 %) developed grade 2 late pneumonary
fibrosis. Two patients (3.6 %) died of late complications (1
case died of pneumonary fibrosis, 1 case died of myelitis).
Survival rates and local control rates
The overall survival curve and the local control rates for all
patients are shown in Figure 1, 2. The overall survival rate at
1-, 3- and 5-year was 90.9 %, 54.6 % and 47.8 %, respectively.
The local control rate at 1-, 3- and 5-years was 90.9 %, 84.5 %
and 84.5 %, respectively.
Failure patterns
The patterns of first failure are listed in Table 2. The main first
failures were local regional failure and distant metastasis
(including lymph metastasis). Twenty-five percent (14/56)
patients had distant metastasis and/or lymph nodes metastasis
alone. Eight point nine percent (5/56) had local disease alone.

Another 3.6 % (2/56) had local regional relapse and distant
metastasis. The median local regional failure time was 9 months
(rang: 0-18 months). The median distant metastasis time was
17.5 months (rang: 7-65 months).

Survival probability

1.0
0.8
0.6
0.4

1 year 90.9 %
3 year 54.6 %
5 year 47.8 %

0.2
0.0

0

10

20
30
40
50
Time (months)

60

Figure 1 The overall survival rates for clinical T1-2 esophageal
carcinoma treated with LCAF radiotherapy.
1.0

Control probability

Methods
Radiation source was 6MV or 18 MV linear accelerator. The
design of the radiation fields was based on the diagnosis by
CT and barium examinations. For patients with lesions in
cervical region, two anterior oblique fields with wedge filters
were used. For patients with lesions in the thoracic a threefield approach was used: one anterior and two posterior oblique
portals. The width of the fields was adjusted to cover gross
tumor with 2 cm to 3 cm margins to include the subclinical
lesions and the length of the field should cover clinical tumors
with 3 cm to 5 cm extended margin at both ends of the lesion.
All patients received 1.8Gy per fraction, five fractions a week
during the first two thirds of the course of radiotherapy to a
dose of about 41.4Gy/23fx/4 to 5 weeks. This was then
followed by accelerated hyperfractionation using reducing
fields, twice daily at 1.5Gy per fraction with a minimum
interval of 6 hours between fractions. The dose contributed by
the accelerated technique was about 27Gy. The total dose given
to the clinical tumor was 67-70Gy/40-43fx/40-49d. No
prophylactic irradiation was given to the supraclavicular region.
Details of the schedule had been reported previously[1].
End-points in this analysis were overall survival and local
control. Death from any cause was calculated from the date of
radiotherapy until death or last follow-up evaluation. Patterns
of failure were first failure (local, regional, or distant), time to
any local failure, and time to any distant metastasis. If
recurrences occurred within 60 days of each other, they were
counted simultaneously. The time to these end points was
calculated from the date of treatment until disease relapse or
last follow-up.
Four patients were lost to follow-up. Median follow-up for
the survival patients was 38.0 months (range 5-67 months),
follow-up rate was 92.9 %.
The statistics was done by SPSS (Version 10.0). Survival
rate and local control rate were estimated by the Kaplan-Meier
method.
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Figure 2 The local control rates for clinical T1-2 esophageal carcinoma treated by LCAF radiotherapy.
Table 2 First treatment failures
First failure

n

%

None

31

55.4

5

8.9

Local/regional only
Distant only

14

25.0

Local/regional/distant

2

3.6

Hemorrhage

1

1.8

Complications

2

3.6

Unknown

1

Total

56

1.8
100

DISCUSSION
Surgery is the main treatment for clinical T1-2 esophageal
carcinoma. In a nationwide surgical series from 1983 to 1987
in Japan [2], the survival rate of 127 patients with mucosal
tumors was 92.26 % at 1 year, 81.09 % at 3 years, and 89.85 %
at 5 years. A total of 533 patients with submucosal tumor
had survival rate of 83.51 % at 1 year, 66.76 % at 3 years, and
59.66 % at 5 years. T1 classification by UICC (1987) combines
mucosal and submucosal tumors. Seven hundred forty patients
with invasion to the muscularis propria, equal to T2 by UICC
classification, had survival rate of 69.86 % at 1 year, 41.88 %
at 3 years, and 34.47 % at 5 years. Because a nearly total
esophagectomy is often required, higher mortality and
morbidity occur often. Orringer[3] reported 800 patients with
cancer of the intrathoracic esophagus and cardia treated with
transhiatal esophagectomy. Major complications included
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anastomotic leaks (13 %), recurrent laryngeal nerve injury
(7 %), wound infection (3 %), pulmonary complications (2 %),
bleeding (1 %), and chylothorax (1 %). More than 90 % of
patients were discharged within 21 days of hospitalization.
Complications were more severe in the patients with carcinoma
of upper thoracic esophagus. The operation of upper thoracic
esophageal cancer is challenging. The intimate relationship of
the esophagus to the airway, arch of the aorta, and recurrent
laryngeal nerve poses special technical problems. The survival
rate is often lower, and the mortality and morbidity are often
higher. Vigneswaran [4] reported 49 patients treated with
extended esophagectomy. There was one postoperative death
(2.0 %). Fifteen patients (30.6 %) had a cervical anastomotic
leak, and all occurred in patients with a gastric conduit. Leaks
occurred in 5 of 10 (50 %) substernally placed stomachs and
in 10 of 36 (27.7 %) transposed through the esophageal bed.
Wound infection occurred in five patients. Postoperative vocal
cord paralysis developed in 11 patients (22.4 %) and was
unilateral in 10 and bilateral in one. Six patients developed
pulmonary complications. Ten patients (20.8 %) developed
mild to severe late dysphagia, which was a result of benign
stenosis in eight patients and recurrent carcinoma in two. Four
patients required dilatations.
Chemoradiotherapy has been widely used in Western
countries. Reports on definitive chemoradiotherapy for clinical
T1-2 esophageal carcinoma are few. Zenone et al. concluded
that the combined multimodality therapy, might be an
alternative to radical surgery, based on 5-year survival of 56.3
% for T1 patients and 29.8 % for T2 patients[5]. Roca et al. also
suggested the feasibility of organ preservation in a report using
intensive chemoradiotherapy[7]. Murakami et al reported in a
randomized study comparing chemoradiation with surgery that
overall 1- and 3-year survival rates were 100 % and 83 % in
the T1/protocol group versus 82 % and 72 % in the T1/surgery
group (P=0.36), and 100 % and 51 % in the T2/protocol group,
versus 95 % and 68 % in the T2/surgery group (P=0.61),
respectively. There was no treatment-related mortality in either
group. The rate of esophageal conservation was 92 % in the
T1/protocol group and 58 % in the T2/protocol group[2]. These
results indicate that chemoradiation for clinical T1-2 patients is
a feasible radical treatment. However, there has been no report
that compares surgery and chemoradiotherapy. Although there
was a significant improvement in local control and overall
survival with combined multimodality therapy compared with
radiation therapy alone, the combined treatment had more
severe and life-threatening hematologic side effects. Grade 3-5
acute toxicity was seen in 64 % of patients treated by concurrent
chemoradiotherapy, much higher than 28 % in patients treated
by radiotherapy alone. Approximately 80 % of patients
completed chemotherapy according to the protocol guidelines.
In China, Shi[1] modified the concomitant boost schedule
designed by Anderson Cancer Center to LCAF radiotherapy
on SCC of the esophagus. The results were very encouraging.
The 5-year survival and local control rate were markedly
improved in the LCAF group. Compared with CF radiotherapy,
the 5-year overall survival was 34 % versus 15 % which was
statistically significant, the local control rate was 55 % versus
21 %. Henceforth, more randomized and retrospective trials
confirmed the results[7-9]. LCAF radiotherapy is the most
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frequently used radiotherapeutic management for localized
SCC of esophageal carcinoma in some cancer hospitals in
China including our department.
The survival rate and local control rate are comparable with
operation and chemoradiotherapy in the patients treated with
LCAF radiotherapy alone. Esophagus can be preserved, and
the severe complications can be decreased. In the retrospective
study, most patients were clinical stage T2N0M0, at upper
thoracic and middle thoracic. The 5-year survival rate was 47.
8 %, and the 5-year local control rate was 84.5 %. Grade 3-5
acute radiation-induced toxicities were 16.1 %. The incidence
of grade 3-5 late complications was 7.0 %.
In analyzing failure patterns, there was significant difference
between the patients in early-stage and advanced-stage. Local/
regional recurrence was the main reason of failure in the
advanced patients treated with conventional radiotherapy.
Forty-two percent patients died of local recurrence, and
nineteen percent patients died of metastasis in the advanced
patients treated with LCAF radiotherapy[1]. Forty-five percent
patients had local regional disease as the first failure, distant
metastasis as the first failure occurred in 13 % of concurrent
chemoradiotherapy [2]. In our retrospective study, distant
metastasis rate (28.6 %) increased significantly, and local
regional recurrent rate (12.5 %) decreased markedly.

REFERENCES
1

2

3

4

5

6

7

8

9

Shi XH, Yao WQ, Lui TF. Late course accelerated fractionation
in radiotherapy of esophageal carcinoma. Radiother Oncol 1999;
51: 21-26
Murakami M, Kuroda Y, Nakajima T, Okamoto Y, Mizowaki T,
Kusumi F, Hajiro K, Nishimura S, Matsusue S, Takeda H. Comparison between chemoradiation protocol intended for organ
preservation and conventional surgery for clinical T1-T2 esophageal carcinoma. Int J Radiat Oncol Biol Phys 1999; 45: 277-284
Orringer MB, Marshall B, Iannettoni MD. Transhiatal
esophagectomy: clinical experience and refinements. Ann Surg
1999; 230: 392-400
Vigneswaran WT, Trastek VF, Pairolero PC, Deschamps C, Daly
RC, Allen MS. Extended esophagectomy in the management of
carcinoma of the upper thoracic esophagus. J Thorac Cardiovascular Surg 1994; 107: 901-907
Zenone T, Romestaing P, Lambert R, Gerard JP. Curative nonsurgical combined treatment of squamous cell carcinoma of the
Oesophagus. Eur J Cancer 1992; 28A: 1380–1386
Roca E, Pennella E, Sardi M, Carraro S, Barugel M, Milano C,
Fiorini A, Giglio R, Gonzalez G, Kneitschel R, Aman E, Jarentchuk
A, Blajman C, Nadal J, Santarelli MT, Navigante A. Combined
intensive chemoradiotherapy for organ preservation in patients
with resectable and non-resectable oesophageal cancer. Eur J
Cancer 1996; 32A: 429–432
Wang WD. Conventional radiotherapy boosted with late course
hyperfractionation in patient with esophageal cancer (abstr.).
Zhonghua Fangshe Zhongliuxue Zazhi 2001; 10: 30
Wang Y, Shi XH, He SQ, Yao WQ, Wang Y, Guo XM, Wu GD,
Zhu LX, Liu TF. Comparison between continuous accelerated
hyperfractionated and late-course accelerated hyperfractionated
radiotherapy for esophageal carcinoma. Int J Radiat Oncol Biol
Phys 2002; 54: 131-136
Zhao KL, Wang Y, Shi XH. Analysis of outcome and failure reasons
of late accelerated hyperfrationation radiotherapy for esophageal
carcinoma. Zhonghua Fangshe Zhongliuxue Zazhi 2000; 10: 14-16
Edited by Wen CY

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

World J Gastroenterol 2003;9(6):1377-1380
World Journal of Gastroenterology
Copyright © 2003 by The WJG Press ISSN 1007-9327

• CASE REPORT •

Multiple immune disorders in unrecognized celiac disease: a case
report
Giorgio La Villa, Pietro Pantaleo, Roberto Tarquini, Lino Cirami, Federico Perfetto, Francesco Mancuso, Giacomo Laffi
Giorgio La Villa, Pietro Pantaleo, Roberto Tarquini, Federico
Perfetto, Francesco Mancuso, Giacomo Laffi, Dipartimento di
Medicina Interna, Università degli Studi di Firenze, Firenze, Italia
Lino Cirami, Unità Operativa di Nefrologia, Dialisi e Trapianto,
Azienda Ospedaliera Careggi, Firenze, Italia
Supported by grants from the Ministero dell’Istruzione, dell’
Università e della Ricerca and the University of Florence
Correspondence to: Giacomo Laffi, MD, Department of Internal
Medicine, University of Florence School of Medicine, viale Morgagni,
85 - 50134 Firenze, Italy. g.laffi@dmi.unifi.it
Telephone: +39-55-4296538 Fax: +39-55-417123
Received: 2002-11-26 Accepted: 2002-12-22

Abstract
We reported a female patient with unrecognized celiac
disease and multiple extra intestinal manifestations, mainly
related to a deranged immune function, including
macroamilasemia, macrolipasemia, IgA nephropathy,
thyroiditis, and anti-b2-glicoprotein-1 antibodies, that
disappeared or improved after the implementation of a
gluten-free diet.
La Villa G, Pantaleo P, Tarquini R, Cirami L, Perfetto F, Mancuso F,
Laffi G. Multiple immune disorders in unrecognized celiac disease:
a case report. World J Gastroenterol 2003; 9(6): 1377-1380
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INTRODUCTION
Celiac disease (CD), the most common life-long food sensitive
enteropathy in humans, is characterized by malabsorption,
chronic inflammation of small intestine mucosa, villous atrophy
and crypt hyperplasia, which occur as a consequence of the
ingestion of wheat gluten or related rye and barley proteins[1, 2].
CD is strongly associated with HLA-DQ2, coded by the
DQA1*0501 and DQB1*02 alleles, and/or the DQ8
(DQA1*03, DQB1*0302 alleles), but a role of non-HLA genes
has also been postulated[2,3]. The current prevalence of celiac
disease has increased from 1:1 000 to 1:300 inhabitants, or
even more[4]. Typical symptoms include chronic diarrhea,
abdominal distension, and failure to thrive[2,5]. However, only
few patients with CD show clinical malabsorption, while most
patients have subtle symptoms, if any[6]. Therefore, the disease
is clearly under diagnosed[2,7]. The recent introduction of tests
for IgA anti-endomysial antibodies and the anti-tissue
transglutaminase test has proved promising with a sensitivity
and specificity of over 95 %[2, 8, 9].
Celiac disease may be associated with a wide range of
diseases[2, 8], including thyroid, dermatological and lymphoproliferative disorders, mainly intestinal lymphomas [2].
Furthermore, there is a greater than expected prevalence of
immune disorders in CD patients[2, 10-12] as well as of CD in
patients with autoimmune diseases[13-15].
The current report dealed with a female patient with
unrecognized CD and recurrent miscarriage, macroamilasemia,
macrolipasemia, IgA nephropathy, and thyroiditis that

disappeared or improved when a correct diagnosis was made
and the patient was given a gluten-free diet.

CASE REPORT
A 34 years old, non drinker, non smoking woman, was admitted
to the third Medical Clinic, Careggi University Hospital,
Florence because of hyper-amilasemia and hyper-lipasemia
of unknown origin. The patient had acute meningitis at the
age of three. At age of 23, she was admitted to hospital because
of syncope, referred to acute gastroenteritis complicated by
metabolic acidosis; laboratory evaluation performed on that
occasion showed iron deficient anemia, polyclonal
hypergammaglobulinemia, elevated erythrocyte sedimentation
rate (ESR), reduced C3 levels and circulating antinuclear
antibodies (1:80), that led to suspicion of a not otherwise
specified collagen disease. Iron deficiency was unresponsive
to supplement of oral iron, while it improved following
intravenous therapy. The patient had two spontaneous abortions
when aged 30 and 31 years, respectively, both at the 16th week
of gestation. During admission because of the second abortion,
a thorough investigation was performed that was negative for
potential causes of fetal demise, including fasting glucose, basal
FSH, LH and estradiol levels on day 3 of a natural cycle, TSH
and prolactin levels, antinuclear antibodies, antibodies
against infectious agents, hysterosalpingography and genetic
karyotyping of the couple. On that occasion, she was found to
have hyperamilasemia and hyperlipasemia, together with the
previously reported laboratory alterations; so further
investigations were performed including CT, which turned out
to be negative for any pancreatic disease.
At the time of admission to our hospital unit, physical
examination was completely negative. Routine blood analysis
showed anemia (Ht: 32.8 %, Hb: 11.2 g/dL), thrombocytosis
(452 000 platelets/mL), high ESR (124 mm/h), low plasma
albumin (3.05 g/dL), and high levels of IgA (1 100 mg/dL)
and IgM (369 mg/dL) with no monoclonal component. The
patient also had low ferritin (<9 mg/mL) and tetrahydrofolate
levels (1.9 ng/ml; normal range 3-17 ng/mL). A coagulation
study showed the presence of lupus anticoagulant (Table 1).
Enzyme studies confirmed a remarkable increase of serum
amylase (1 196 IU/L), pancreatic isoamylase fraction (798 IU/
L), and serum lipase (1 650 IU/L). On the other hand, urinary
amylase excretion was normal (120, normal value <1 500 IU/
day), and ultrasound examination of the pancreas was normal.
A chromatographic assay was therefore performed at another
Institution (Ospedali Riuniti, Padova, Italy), which demonstrated
the presence of macroamylasemia and macrolipasemia.
Our patient had iron-deficient anemia, which was refractory
to oral iron supplementation, a well known presenting sign of
CD[2, 6, 16], together with low albumin and tetrahydrofolate levels.
In addition, she had macroamylasemia and macrolipasemia
which could be associated with CD[17]. Therefore, a search was
performed for circulating anti-gliadin, anti-endomysial and
anti-transglutaminase (TTG) antibodies. Detection of these
antibodies (Table 1) led us to perform upper gastrointestinal
tract endoscopy and duodenal biopsy, which confirmed the
diagnosis of CD. A gluten free diet was therefore introduced.

1378

ISSN 1007-9327

CN 14-1219/ R

Due to the patient’s clinical history of repeated abortions and
the results of coagulation studies, other autoantibodies such as
anti-thyreoglobulin (1:40) and anti-β2-glicoprotein-1
antibodies (24 UI/mL) were detected. Further characterization
of the latter antibodies showed that IgG was 6.3 (normal range
< 9) and IgM 48.7 (normal range < 5) IU/mL. All parameters
of thyroid function were within the normal range.
Urinalysis showed glomerular proteinuria (0.7 g/day),
microscopic hematuria, hyaline and granular casts; creatinine
clearance (74 mL/min) was reduced with respect to the patient’s
age. These results raised the suspicion of IgA nephropathy,
but the patient did not consent to undergo kidney biopsy. HLA
analysis revealed the presence of HLA DQB1*-02. The main
laboratory data during the first admission at our unit and the
follow up are shown in Table 1.
Table 1 Main results of laboratory studies in baseline conditions and after implementation of gluten free diet
Parameter
(normal values)

Baseline
determinations

Serum amylase (IU/L)
(< 220)
Serum lipase (UI/L)
(< 200)
Ig A (mg/dL)
(60-318)
Immunocomplexes
(meq/mL) (< 5)
Antigliadin antibodies
IgA (%) (< 7)
Antigliadin antibodies
IgG (%) (< 12)
Antiendomysial antibodies
Anti-transglutaminase
antibodies (UI/L) (<8)
Anti-thyreoglobulin
antibodies (ND)
Total b2 GP 1 antibodies
(IU/mL) (< 4 IU/mL)
Lupus anticoagulant
Creatinine clearance (mL/min)
(70-120 mL/min)
Protein excretion rate
(mg/24h)

Gluten free diet
6th month

24th month

1196

146

132

1650

39

ND

1100

119

155

ND

ND

6.5
96.9
61
Positive

5.8

ND

18.5

ND

Positive

ND

20.5

ND

ND

1:40

ND

ND

24
Positive

ND
ND

ND
ND

74.07
322

88.05
2268

107
320

IU=international units; ND=not detectable.

After six months of controlled gluten free diet, the patient’s
body weight increased 12 kg; laboratory investigations
demonstrated normalization of serum amylase, serum lipase
and immunoglobulin levels; antigliadin, anti-β2-glicoprotein1 and anti-thyreoglobulin antibodies were no longer detectable,
but antiendomysial antibodies were still present. Endoscopy
showed a normal appearance of duodenal mucosa, and
duodenal biopsy revealed a partial recovery of duodenal
morphology. Due to the persistence of proteinuria (2.3 g/day),
microscopic hematuria and hyaline and granular casts, a kidney
biopsy showed that it was IgA nephropathy.
After 18 months of gluten-free diet, antiendomysial
antibodies disappeared; creatinine clearance increased (Table
1), but proteinuria further worsened (2.9 g/day, Table 1), and
albumin levels were still low.
After 24 months of gluten-free diet, a new duodenal biopsy
showed complete recovery of villous architecture. Renal function
further improved and proteinuria markedly decreased (Table
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1). Amylase, lipase, and immunoglobulin levels were within
the normal range. Anti-β2-glicoprotein-1, anti-thyreoglobulin,
antigliadin, antiendomysial and anti-TTG antibodies were
undetectable. A coagulation study was normal (Table 1).

DISCUSSION
The increased prevalence of immune disorders in patients with
CD is well recognized[2, 10-12]. The association between CD and
other immune disorders may be due to the sharing of a common
genetic background, such as HLA antigens. However, in a very
large study, involving 909 patients with celiac disease, Ventura
and his associates[12] found that the development of immune
disorders in CD was clearly related to the duration of exposure
to gluten. It is also interesting to note that multiple immune
diseases in CD patients are uncommon. In the study of Ventura
et al. [12], only 15/909 patients had two kinds of immune
manifestations and only one patient had three kinds of immune
manifestations.
In this report, we described a female patient with unrecognized
CD, who developed several clinical and/or sub clinical immune
diseases.
Macroamylasemia with or without macrolipasemia occurs
in approximately 0.4 % of general population and about 2.55.9 % of patients have hyperamylasemia[18, 19]. It may be either
an isolated, benign condition without pathological significance
or may be associated with underlying diseases such as
lymphoma, AIDS, carcinoma, liver disease and autoimmune
disorders. The macroamylase complex is formed by amylase
bound with serum proteins, commonly IgG and/or IgA. This
molecule is too large to be filtered by the kidney and excreted
in the urine, so it accumulates in plasma, whereas urinary
amylase is normal or even low, a finding that should point to
the correct diagnosis. Similarly, the macrolipase complex is a
macroenzyme formed by association of polyclonal IgA with
lipase. The incidental finding of macroamylasemia, if
unrecognized, directs the diagnostic work-up to the pancreas
and patients undergo unnecessary examinations and even
surgery. Some case reports dealed with the occurrence of
macroamylasemia with or without macrolipasemia in adult and
pediatric patients with CD [20-23]; in the large study by Rabsztyn
et al.[17], 21 out of 124 newly diagnosed CD patients (16.9 %)
had macroamylasemia. Interestingly, serum macroamylase
usually remained elevated despite strict gluten free diet[17],
and only in few cases, macroamylasemia and macrolipasemia
disappeared after gluten free diet[22, 23], as it occurred in our
patient.
IgA nephropathy is the most common glomerulonephritis
and is considered a relatively benign disease. However,
longitudinal follow-up studies demonstrated that about 20 %
of patients would progress to end stage of renal disease within
20 years from its onset. Patients with IgA nephropathy often
have circulating IgA-antigliadin antibodies. However, lack of
IgA-antireticulin, IgA-antiendomysium antibodies or jejunal
mucosal atrophy suggests that most of these patients do not
have latent CD [24-26]. On the other hand, oral immunization
with gliadin can induce IgA nephropathy in mice[27]. Data on
the association between CD and IgA nephropathy in humans
are controversial, and only few cases of IgA nephropathy had
definite CD and showed remission or improvement of renal
disease after gluten withdrawal[28, 29]. In our patient, the effect
of gluten free diet on proteinuria was delayed, since this
parameter showed increments at the 6th and the 18th month,
despite the disappearance of antigliadin antibodies and
normalization of IgA levels.
Patients with insulin-dependent diabetes mellitus, autoimmune
thyroid disease, Addison’s disease, and alopecia aerata are at
increased risk of CD. A recent study addressed whether patients
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with more than one autoimmune endocrine disorder were even
more susceptible to CD or had celiac-type mucosal
inflammation. Seven out of the 62 patients studied (11 %)
were found to have CD; in addition, 2 had minor villous
deterioration and 5 had an increased density of mucosal
intraepithelial gamma-delta+ T-cells. HLA-DQ2 or DQ8
alleles were found in all subjects with mucosal changes[30].
The association of CD with autoimmune thyroiditis has been
proved. A study in 172 patients with autoimmune thyroiditis
found a 10-fold higher prevalence of CD in this population
than expected[31]. The Authors concluded that the association
of CD with autoimmune thyroid disease was not surprising
as they shared common immunopathogenesis and suggested
that it was advisable to screen patients with autoimmune
thyroid disease for CD as there might be an increased risk
for gluten intolerance[31]. In our patient, anti-thyreoglobulin
antibodies disappeared after six month of gluten free diet.
This finding confirmed that autoimmune thyroid disease and
CD may share a common pathogenetic mechanism and that
the disappearance of the immunological activation due to
intestinal inflammation may lead to normalization of
concomitant immune disorders.
Antiphospholipid antibodies, the most commonly detected
of which are lupus anticoagulant, anticardiolipin and anti-β2glycoprotein-1 antibodies, are associated with the so-called
antiphospholipid syndrome, a syndrome of arterial and venous
thrombotic disease, thrombocytopenia, and fetal wastage[32, 33].
Antiphospholipid antibodies are found in young, apparently
healthy subjects with a prevalence of 1-5 %. Their prevalence
increases with age, especially among elderly patients with
coexistent chronic diseases, and is even higher in patients with
autoimmune diseases. Untreated patients with CD also have
an increased prevalence (about 14 %) of anticardiolipin
antibodies[34, 35], a phenomenon that Di Sabatino et al.[35] found
that an increased susceptibility of peripheral blood lymphocytes
would undergo Fas-mediated apoptosis which resulted in
immunogenic exposure of phospholipids with subsequent
production of autoantibodies. As we know, lupus anticoagulant
was observed in one patient[36], while the female patient reported
here had both lupus anticoagulant and anti-β2-glycoprotein I
antibodies which disappeared within 6 months after the
introduction of gluten free diet.
Untreated CD in women resulted in a 8.9-fold increase in
the relative risk of pregnancy miscarriage and in an about 30 %
reduction of the baby’s birth weight. Both miscarriage
frequency and babies’ low birth weight would normalize in
response to gluten free diet[37, 38]. Antiphospholipid antibodies
were also associated with an unusually high proportion of
pregnancy losses after the 10th week of gestation[32, 33]. Our
patient therefore had two different risk factors for abortion,
both related to untreated CD. Unfortunately, it was not
possible to establish whether the gluten-free diet corrected her
miscarriage tendency, since until now the patient did not wish
to plan a new pregnancy.
In conclusion, we found a high prevalence of immune
diseases and a large number of organ-specific autoantibodies
in a patient with CD. Although both CD and the other
manifestations of a deranged immunity might be explained on
the basis of a common genetic predisposition to this kind of
disorders, some findings suggest that CD itself is responsible
for the initiation of the immunological response. Indeed,
persistent stimulation by some proinflammatory cytokines,
such as interferon γ and tumor necrosis factor α, could induce
further processing of autoantigens and their presentation to T
lymphocytes by macrophage-type immunocompetent cells. As
a matter of fact, the prevalence of immune diseases among
patients with CD seems proportional to the time of exposure
to gluten[12], and many immune alterations disappear following
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the recognition of CD and appropriate treatment, just as it
occurred in our patient.
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Abstract
We reported a case of non-Hodgkin’s lymphoma where
l i ve r i n vo l ve me n t was t h e p r e d o mi n an t cl i n i cal
manifestation. A 27-year old man presented wiht markedly
elevated serum aspartate aminotrasferase, alanine
aminotransferase and lactate dehydrogenase, reduced
prothrombin activity, thrombocytopenic purpura and
hepato-splenomegaly without adenopathy. Viral, toxic,
autoimmune and metabolic liver diseases were excluded.
Bone marrow biopsy showed an intracapillary infiltration
of T-lymphocytes with no evidence of lipid storage disease.
Because of a progressive spleen enlargement, splenectomy
was performed. Histological examination showed
lymphomatous intrasinuses invasion of the spleen.
Immunohistochemical investigation revealed the T
phenotype of the neoplastic cells: CD45+, CD45RO+,
CD3+, CD4-, CD8-, TIA1-. About 50 % of the lymphoid
ce lls expresse d CD56 anti gen. Th e di agno sis of
hepatosplenic T cell lymphoma was done. The patient was
treated with chemotherapy, which induced a complete
remission. Eighteen months later, he had a first relapse
with increased aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase,
thrombocytopenic purpura and blast in the peripheral blood.
In spite of autologous bone marrow transplantation, he
died twenty months after the diagnosis. Even in the absence
of a mass lesion or lymphoadenopathy, hepatosplenic Tcell lymphoma should be considered in the differential
diagnosis of a patient whose clinical course is atypical for
acute hepatic dysfunction.
Perfetto F, Tarquini R, Mancuso F, di Lollo S, Tozzini S, Bellesi
G, Laffi G. Hepato-splenic lymphoma: a rare entity mimicking
acute hepatitis: A case report. World J Gastroenterol 2003; 9
(6): 1381-1384
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INTRODUCTION
Liver and splenic involvement is commonly seen during a
malignant lymphoma, but rarely occurs as a prominent clinical
feature at diagnosis. Hepatosplenic lymphoma is a rare and
poorly recognized entity [1] characterized by neoplastic

proliferation of T-cell bearing a gd or, more rarely, ab clonal
rearrangement of the receptor (TCR). This lymphoma shows
a specific morphological pattern characterized by a preferential
hepatic sinusoids and splenic red pulp involvement without
lymphoadenopathy and discrete or absent bone marrow
involvement. Moreover the diagnosis is complicated in several
cases by the presence of misleading symptoms. We reported
the case of a young man without palpable lymphoadenopathy
and clinical and laboratory presentations resembling an acute
liver disease.

CASE REPORT
A 27-year old caucasian man was admitted in an Internal
Medicine unit in February 1999 because of fever (38 ),
malaise, anorexia, and erythematous macules and papules on
the face, trunk and arms. The patient referred similar but
transient cutaneous lesions in the previous two-months.
Laboratory investigations yielded the following results:
aspartate aminotransferase (AST) 240 IU/L (normal range: 037 IU/L), alanine aminotransferase (ALT) 520 IU/L (normal
range: 0-40 IU/L), γ-glutamyl-transpeptidase (γ-GT) 46 IU/L
(normal range: 11-43 IU/L), alkaline phosphatase (ALP) 298
IU/L (normal range: 60-270 IU/L) and platelets 120×109 /L
(normal range: 130-400×109/L). Serological tests for Ebstein
Barr virus (EBV) showed a positivity for nuclear antigen (IgG
248 ACU/ml) (normal value: <56 ACU/ml) whereas serology
for hepatitis A (HAV), hepatitis B (HBV) and hepatitis C
(HCV) viruses was negative. Physical examination showed a
mild hepato-splenomegaly. There was no palpable
lymphoadenopathy.
Two weeks later he was transferred to our Internal Medicine
unit with the clinical diagnosis of “acute hepatitis with hepatosplenomegaly and recidivant purpuric exanthema”. Physical
examinations showed an enlarged tender liver (2 cm below
the rib border) and splenomegaly (2 cm below the rib border)
without peripheral lymphoadenopathy. The cutaneous lesions
of the trunk and the face were already present as purpuric
p a lp ab l e p ap u le s. Fe v er w as ab sen t. Ab d o m in al
ultrasonography revealed a mild hepatomegaly and
splenomegaly (major axis of 18 cm), without ascite and
abdominal lymphoadenomegaly. Doppler sonography revealed
an increased blood flow in the spleen and the portal vein
without obstruction of the main hepatic veins. An upper
gastrointestinal endoscopy did not reveal esophageal varices.
Chest x-rays at the time of admission yielded normal findings.
Liver function test showed AST 498 IU/L, ALT 958 IU/L, γGT 49 IU/L, ALP 426 IU/L, total bilirubin 1.15 mg/dl
(normal range: 0.2-1.0 mg/dl) and lactate dehydrogenase
(LDH) 1 234 U/L (normal range 190-450 IU/L). Peripheral
blood counts showed hemoglobin 16.1 g/dl, hematocrit 45 %,
leukocytes 4.9×10 9 /L with normal differential count and
platelets 80×109/L. Coagulation indices showed prothrombin
activity 53 % (normal range: 90-100 %), international normal
ratio 1.4, activated partial thromboplastin time 53 sec (normal
range: 25-40 sec) and fibrinogen 267 mg/dl (normal range:
200-400 mg/dl). Albumin levels were 4.25 g/dl (normal range:
3.3-5.1 g/dl) and γ-globulin were 1.44 g/dl (normal range:
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0.84-1.44 g/dl). Serological tests were negative for HAV,
HBV, HCV, cytomegalovirus and human herpes simplex N°
1, 2, and 6. EBV serologic findings were heterophile test
(heterophile antibody) negative, viral capsid antigen (VCA)
immunoglobulin IgM negative and IgG positive. Serological
tests exploring infective agents able to induce an acute
hepatitis such as Chlamydia pneumoniae, Bartonella spp,
Borrelia Burgdorferi, Toxoplasma Gondii, Coxsackie virus
groups A and B (N°1-6) and Echovirus, were negative as
well as the serological test for Rickettsie and Parvovirus B19.
Results of serology for human immunodeficient virus (HIV) 1
and 2 including cDNA Polymerase Chain Reaction and the
screening of the antigen p24 of HIV1 were negative. Serum
α-fetoprotein and carcinoembryonic antigens were within the
normal range. To exclude autoimmune disease, serological
tests for anti-nuclear, anti-mitochondrial, anti-liver/kidney
microsomial (LKM), and anti-smooth muscle (ASM) were
performed but the results were negative; cryoglobulins and
circulating immune complexes were absent. Serum
ceruloplasmine levels, circulating serum copper levels, 24-h
urine excretion of copper and α 1-antitrypsin levels were in
the normal range and Kayser Fleischer rings were absent on
slit-lamp examination. To exclude a thrombocytopenia
induced by EDTA (pseudothrombocytopenia) blood was
drawn on test tube with sodium citrate as anticoagulant but
the result confirmed the presence of a true thrombocytopenia.
Anti-platelet antibodies were negative in two consecutive
different samples and reticulate platelets were in the normal
range. Toxic (including also ingestion of hepatotoxic
mushrooms such as Amanita Phalloides) and drugs inducing
hepatitis were excluded by a careful and detailed personal
and family history. During the following weeks, patient
complained increasing fatigue and tenderness in the upper
left quadrant and physical examination revealed an enlarged
spleen that extended his lower pole 4-cm below the rib border.
Liver function tests continued to rise with AST 658 IU/L, ALT
1 074 IU/L, γ-GT 72 IU/L, ALP 473 IU/L, and LDH 1 365 U/
L. Serum β-2 microglobulin levels were 2.4 mg/dl; (normal
range: 1.2-2.5 mg/dl). Coagulation indices showed
prothrombin activity 51 %, international normal ratio 1.4,
fibrinogen 146 mg/dl and activated partial thromboplastin time
42.4 sec without serological evidence of circulating
anticoagulants such as lupus anticoagulant or anticardiolipin
antibodies. A decreased activity of coagulation factor II
(57 %; normal range: 70-120 %), VII (58 %; normal range:
70-120 %) and X (41 %; normal range: 70-120 %) were also
demonstrated, despite i.v. Vitamin K treatment; factor VIII
activity was also reduced (63.9 %; normal range: 70-150). The
bleeding time was slightly prolonged (8 minutes and 20
seconds; normal range: 3-7 min.) Because of coagulopathy
and thrombocytopenia percutaneous liver biopsy was not
performed. Biopsy of the skin showed neither vasculitis
findings nor lymphoproliferative disease. An abdominal CT
scan revealed a massive enlargement of the spleen (20 cm of
sagittal diameter and 14 cm of antero-posterior diameter) and
mild hepatomegaly without either focal lesions or abdominal
lymphoadenomegaly. Thorax and neck CT scan yielded normal
findings. Although in type 1 Gaucher disease the liver function
tests were not so seriously altered, the presence of
hepatomegaly with a progressive and massive splenomegaly
together with thrombocytopenia prompted us to undergo the
patient to bone morrow examination and to a measurement of
acid β-glucosidase activity in circulating leukocyte cells.
Although β-glucosidase activity was slightly decreased (5.5
nmol/mg/h; normal range: 8-15.1 nmol/mg/h), the bone
marrow examination did not reveal the presence of the
characteristics of Gaucher cells with the typical “wrinkled
paper” cytoplasm. However, an intracapillary T-lymphocytes
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infiltration was observed. The circulating leukocytes were
14.6×109/L (normal range: 4.8-8.5) with absolute lymphocytosis
(8.8×109/L, normal range: 1.6-2.4). Immunophenotype of
circulating lymphocytes showed that CD3 positive
lymphocytes were about 5.4×109/L (normal range: 1.1-1.7),
CD4 positive lymphocytes were 2.5×10 9/L (normal range:
0.65-1.4), CD8 positive lymphocytes were 3.01×109/L (normal
range: 0.32-0.90) with CD4 to CD8 ratio of 0.8 % (normal
range: 1-1.5 %) and CD19 positive lymphocytes were 1.23×109/
L (normal range: 0.2-0.4). Circulating T lymphocytes (65 %
of overall; 5.65×109/L) bearing the ab type of TCR were 92.5
% (normal range: 90-95 %) while circulating T lymphocytes
bearing gd TCR were about 7.5 % (normal range: 5-10 %).
Over half (60 %) of circulating leukocytes were small to
medium sized lymphoid cell with moderate amount of pale,
agranular cytoplasm without villous projections. Some
lymphocytes showed round or folding nucleus, with moderate
clumped chromatin surrounding a small nucleolus. In spite of
the opportunity to perform a transjugular liver biopsy, the
presence of massive splenomegaly with pain in the left upper
abdominal quadrant and early satiety, urged us to do
splenectomy which was performed in April 1999. The
histologic examination of the spleen revealed a hepatosplenic
lymphoma. After the splenectomy, skin lesions disappeared,
liver enzyme values progressively decreased and coagulation
indices showed normalization in one week. As expected,
platelets count increased until 738×109 /L one week after the
splenectomy and decreased to 417×109/L one month later. In
the post surgical period, patient was treated with 4 cycles of
chemotherapy (Fi2/89; epirubicine, vincristine, bleomycine
and cyclophosphamide). This resulted in a complete clinical
remission with negative bone marrow biopsy. In view of
autologous bone marrow transplantation (ABMT) he was
treated with 2 cycles of chemotherapy (BAVEC-MiMA;
BiCNU, adriblastine, vepeside, vincristine, mitoxantrone,
methotrexate and cytosine arabinoside). In January 2000, he
was submitted to three consecutive leukapheresis but,
unfortunately, the number of peripheral circulating levels of
CD34 positive cells was not sufficient for the ABMT and the
patient refused new leukapheresis. Two other cycles of
BAVEC-MiMA chemotherapy were performed as intensive
consolidation therapy after the remission. One month later
(May 2000), the patient was admitted to a hematological unit
because of fatigue, malaise and erythematous papules of the
face and trunk similar to those that characterized the beginning
of the disease. Significant laboratory values included AST 225
IU/L, ALT 255 IU/L, LDH 1773 U/L, platelets 46×109/L and
leukocytes 27.9×109/L, the latter characterized by medium and
large size lymphocytes with cleaved and folding nucleus. The
immunophenotype of circulating lymphocytes was NK
(CD16+, CD56+, CD2+, CD7+; CD8 were expressed on about
63 % of NK population while CD3 was negative). He was
treated with four weekly infusions of chemotherapy (MACOPB; vincristine, adriamicine, bleomycine, cyclophosphamide,
methotrexate and prednisone) with normalization of liver
enzyme values, peripheral blood counts and skin lesions. The
second relapse occured 10 weeks later. Patient was readmitted
in the same hematological unit for salvage ABMT. One-month
later, he developed an acute leukemia. The patient died in
December 2000, twenty months after the diagnosis. Postmortem examination was not performed.

MATERIALS AND METHODS
Informed consent for all procedures was obtained from the
patient. Bone marrow specimen was fixed in 10 % buffered
formalin and processed according to standard technique.
Paraffin sections were stained with hematoxylin-eosin, Giemsa,
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PAS and Gomori method. Biopsy of the skin and specimens
of the spleen were fixed in 10 % buffered formalin, and in B5;
paraffin sections were stained with hematoxilin-eosin, Giemsa
and PAS. An immunohistochemical investigation was
performed on bone marrow and spleen sections according to
streptavidin-biotin method. Monoclonal antibodies were used
for detection of CD45, CD20, CD79a, CD10, CD45RO, CD30,
CD15, CD56, CD8, CD4, TIA-1, AE1/AE3, EMA, HMB45,
MIB1 antigens, and polyclonal antibodies for CD3 and S-100
protein detection. The positive reaction was revealed using
diaminobenzidin as chromogen.

Histologic findings
Biopsy of the skin showed a moderate aspecific lymphoid
infiltration of perivascular space associated with erythrocytes.
Bo ne m arro w biopsy sh owed intense er itro id and
megakaryocytic hyperplasia and a mild hypoplasia of myeloid
compartment. Moreover an important intracapillary
infiltration of medium-sized T-lymphocytes (CD45+, CD3+,
scattered CD56+, CD 20- ) was observed (Figure 1). The
spleen weight was 3 000 g. Microscopic examination showed
the presence of a diffuse intrasinuses infiltrate in the red pulp
of medium-sized T-lymphoid cells with round to irregular
nuclei and moderately abundant pale cytoplasm (Figure 2).
All neoplastic cells expressed CD45, CD45RO and CD3
membrane antigens (Figure 3), whereas they were CD4-,
CD8- and TIA-1-. CD56 antigen was positive on about 50 %
of the T-lymphoid cells (Figure 4). The diagnosis of
hepatosplenic T cell lymphoma was done. Because of the
unavailability of frozen sections, the analysis of gd TCR
expression was not done.

Figure 1 Immunohistochemical analysis of the bone marrow:
the neoplastic cells within sinuses were CD3 positive and scattered CD56 positive (insert).

Figure 2 Clusters of medium-sized cells seeped through the
red pulp of spleen.

Figure 3 The neoplastic cells were CD3 positive in the spleen.

Figure 4 The neoplastic cells were scattered CD56 positive
(arrows) in the spleen.

DISCUSSION
Lymphomatous involvement of the liver has been described
in three clinical situations: disseminated disease, primary liver
lymphoma and hepatosplenic T-cell lymphoma. Secondary
hepatic involvement by lymphoma is relatively common and
indicates advanced disease. Non-Hodgkin’s primary
lymphoma of the liver is an uncommon entity, often clinically
indistinguishable from more commonly occurring primary
carcinoma and metastatic neoplasms; the correct diagnosis is
based on liver biopsy or even on post-mortem examination
because of lacking of suggestive clinical or imaging features.
The hepatosplenic T-cell lymphoma has been recognized by
Farcet et al. in 1990[1] as a distinct entity characterized by a γδ
T lymphocytes sinusal infiltration of the red pulp of the spleen
and by sinusoidal infiltration of the liver without lymph node
involvement[2]. Because of its striking uniformity with respect
to clinical, morphological and immunophenotypical features,
this lymphoma was listed as a provisional entity in the Revised
European-American Lymphoma (REAL) classification[3]. Later
on, it has been incorporated as a distinct entity in the WHO
classification of lymphoid neoplasms[4] and termed hepatosplenic
γδ T-cell lymphoma. Since then, to our knowledge, 45 cases
have been described[5]. According to Weidmann revision, clinical
symptoms at presentation are hepato-splenomegaly,
constitutional symptoms and less frequently jaundice due to
hepatic involvement. The predominant laboratory findings are
reduced peripheral blood cells ranging from hemolytic anemia
(Coombs negative) to thrombocytopenia or pancytopenia, high
levels of LDH and mild increase of liver enzymes. Moreover,
recently, 14 cases of hepatosplenic lymphoma expressing αβ
TCRs have been described[6].
These αβ lymphomas fulfill all the clinical, morphological
and immunophenotypical criteria required for the diagnosis
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of hepatosplenic lymphoma, with the exception of the female
preponderance (11/14 patients) and age of distribution (more
wide than the γδ counterpart). Early diagnosis of this
lymphoma, even if mandatory, is complicated in several cases
because of the absence of lymphoadenomegaly, not specific
bone marrow involvement and normal peripheral blood cell
counts. The diagnosis of hepatosplenic T-cell lymphoma in
the case we reported had considerable difficulties because its
clinical and laboratory features were similar to acute hepatitis.
As a matter of fact, the liver chemistry evaluation was typical
of hepatic inflammatory disease with hepatocellular necrosis
(about tenfold increase of AST and ALD and threefold increase
of LDH) and impaired synthesis of liver coagulation factors
whereas, the mild increase of ALP level together with normal
levels of serum β-2 microglobulin and γ-GT were unusual for
a lymphoproliferative disease of the liver. Probably these
unusual laboratory findings were related to the quite exclusive
sinusoidal infiltration by lymphoid cells without or with
minimal portal involvement. However, this clinical
presentation prompted us to exclude all causes of acute liver
diseases such as viral hepatitis drugs, toxins, chemical ingestion
and/or exposition, vascular abnormalities, autoimmune
hepatitis and metabolic diseases. As the present case illustrated,
an early diagnosis of hepatosplenic lymphoma was unlikely
to be possible on bone marrow specimen alone. According to
Galaurd[7] even when the hepatosplenic involvement is clear,
the presence of few T-cells within bone marrow sinus is neither
specific nor conclusive without a molecular analysis on frozen
tissue. Liver biopsy, which is another way to confirm the
diagnosis of hepatosplenic T-cell lymphoma, was not
performed in this case because of the presence of coagulopathy
and thrombocytopenia. Nevertheless, the presence of an
intracapillary infiltrate by T lymphocytes on the bone marrow
specimen as well as the progressive and symptomatic
enlargement of the spleen prompted us to suspect the presence
of a lymphoprolipherative disease and consequently to perform
splenectomy. As reported in literature, splenectomy was the
cornerstone for the diagnosis of hepatosplenic T-cell
lymphoma. Immunophenotype studies on the spleen specimens
showed the typical pattern of hepatosplenic T-cell lymphoma
characterized by expression of CD45 and CD3 antigens and
by double negativity for CD4 and CD8 antigens. The NK cell
associated antigen CD56 expression has been reported in
approximately 70-100 % of hepatosplenic T-cell lymphoma[8, 9].
The presence in the bone marrow of T-lymphocytes bearing
the CD56 antigen could explain the late involvement of
peripheral blood by lymphoid cell with NK immunophenotype.
Furthermore, in contrast with other previous investigations, in
all specimens of the spleen examined, neoplastic cells were
negative for TIA-1 (restricted intracellular antigen, also called
granular membrane protein of 17 Kd, GMP 17), a very sensitive
marker of cytosol granules independent of their activation
status. Concerning the recurrence of cutaneous skin lesions, a
skin biopsy, performed early in the course of disease, showed
only a moderate and aspecific lymphoid infiltration of
perivascular spaces, without the morphological and
immunophenotypical findings that characterized the peripheral
lymphoma involving the skin. Although thrombocytopenia was
not severe, a complete remission of skin lesions was achieved
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after its correction. It seems likely to ascribe these purpuric
lesions to the reduced number of circulating platelets, but a
cytotoxic activity of cutaneous T lymphocytes could have a
role in the pathogenesis of these skin lesions. As the present
case illustrated that the prognosis for this type of lymphoma is
poor. Complete remission was reported only in few patients
after chemotherapy (second and third generation regime for
high-grade lymphomas), followed by autologous and allogenic
bone marrow or peripheral stem cell transplantation. The
median survival time was 8 months (range 0-42 month)[5].
In conclusion, the current report described the unusual
clinical presentations of hepatosplenic lymphoma. This patient,
in fact, shared several distinctive features including: 1) the
initial clinical presentations mimicking an acute hepatitis, 2)
the presence of cutaneous lesions, contemporary with the
hepatosplenic involvement and 3) a negativity of TIA-1
expression of lymphoid T cells. Even in the absence of a mass
lesion or lymphoadenopathy, hepatosplenic T-cell lymphoma
should be included in the differential diagnosis of an acute
hepatic dysfunction in young patient who shows no evidence
of viral, toxic, autoimmune or metabolic liver disease.
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